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to allow c r o s s - b r i d g e  a t t a c h m e n t  o n l y  w h e n  the m u s c l e  
p a s s e s  t h r o u g h  i t s  s t a t i c  m e a n  l e n g t h .  

Zusammen/assung. R 6 n t g e n s t r u k t u r a n a l y s e n  ze igen ,  
d a s s  d ie  B e z i e h u n g  z w i s c h e n  s i n u s o i d a l e r  K r a f t e n t -  

9 Present address: Physiologisehes Inst i tut  der Universit~tt Mainz, 
D-65 Mainz (DeutschIand). 

e n t w i c k l u n g  u n d  de r  K i n e t i k  d e r  M y o s i n b r i i c k e n z y k l e n  
y o n  d e r  O s z i l l a t i o n s g e s c h w i n d i g h e i t  abh~ingt .  

R .  A. CHAPLAIN 9 a n d  B.  HONKA 

Department o/ Biocybernetics, Advanced College o/ 
Technology, Kleiberweg 74, Magdeburg (GDR), 
23 July 1973. 

E x c i t a t i o n  a n d  I n h i b i t i o n  o f  H y p o t h a l a m i c  N e u r o n s  b y  C e r e b e l l a r  S t i m u l a t i o n  i n  R a b b i t s  

A n u m b e r  of  i n v e s t i g a t i o n s  h a v e  s h o w n  a u t o n o m i c  
r e s p o n s e s  to  be  c a u s e d  b y  s t i m u l a t i o n  of t h e  c e r e b e l l u m  ~-8 
H o w e v e r ,  t h e r e  is  n o  a g r e e m e n t  a s  t o  w h e t h e r  t h e  h y p o -  
t h a l a m u s  is  i n v o l v e d  in  t h e  p r o d u c t i o n  of  t h e s e  re-  
s p o n s e s  4-s. T h e  p r e s e n t  e x p e r i m e n t  w a s  u n d e r t a k e n  t o  
r e v e a l  i n f l u e n c e s  of c e r e b e l l a r  s t i m u l a t i o n  on  u n i t a r y  
a c t i v i t y  in  t h e  h y p o t h a l a m u s .  

Methods. 17 a d u l t  r a b b i t s  we re  u s e d .  T h e y  we re  a n e s t h e -  
t i z e d  w i t h  i v .  i n j e c t i o n  of  u r e t h a n e  (0.5 g /kg) .  A l t e r  
f i x i n g  t h e  h e a d  of  t h e  r a b b i t  in  a s t e r e o t a x i c  a p p a r a t u s .  

a b i p o l a r  e l e c t r o d e  of  s t a i n l e s s  s t ee l  w i re  w i t h  a t i p  
s e p a r a t i o n  o f  1.0 m m  w a s  i n s e r t e d  i n t o  t h e  c e r e b e l l u m .  I t  
w a s  k e p t  in  p l a c e  a t  a d e p t h  a t  w h i c h  b r i e f  e l e c t r i c a l  
s t i m u l a t i o n  a t  100 H z  p r o d u c e d  m o s t  p r o m i n e n t  p u p i l l a r  
d i l a t a t i o n s .  

E l e c t r i c a l  s t i m u l i ,  c o n s i s t i n g  of  0.1 m s e c  s q u a r e  w a v e s  
r e p e a t e d  a t  100, 200 or  300 H z ,  we re  d e l i v e r e d  o n c e  p e r  
2 sec  for  a 30 t o  50 m s e c  p e r i o d .  E C G  r e c o r d i n g  s h o w e d  
t h a t  t h i s  c e r e b e l l a r  s t i m u l a t i o n  c a u s e d  n o  c h a n g e s  in  
h e a r t  r a t e .  A t  t h e  e n d  o f  e a c h  e x p e r i m e n t ,  a n  e l e c t r o l y t i c  
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A) A sample record showing excitation�9 Cerebellar stimulations are marked by short horizontal bars. Single spikes were evoked toward the 
end of stimulus train. Positivity, downward. B), C) and D) Dot displays of spike discharges from another neuron. B) and D) control records 
taken before and after C), respectively�9 C) Early excitations followed by long-lasting suppressions due to cerebellar stimulation taken with 8 
pulses at 200 Hz. E) A sample record showing inhibition. F), G) and H) Dot displays of spike discharges from another neuron. F) and H) 
Control records taken before and after H), respectively. H) Suppressions of spike discharges, immediately consequent upon cerebellar stim- 
ulation with a train of 8 pulses at 300 Hz. I) A plot of spontaneous firing rates of hypothalamic neurons as a function of the recording depths 
measured from the cortical surface. Open circles, excitation (number of units, 22). Filled circles, inhibition (16). 
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coagulat ion was p roduced  by  pass ing a di rect  cu r ren t  
t h rough  the  cerebellar  electrode.  Paraf f in  sect ions were 
made  and  s ta ined by  cresylecht  violet .  E lec t ro ly t ic  lesions 
were found in t he  an te r ior  vermal  cor tex  or wi th in  or 
a round  the  fast igial  nucleus.  

Glass capi l lary microelec t rodes  filled wi th  3 M KC1 
were inser ted  in to  the  media l  an te r ior  h y p o t h a l a m u s  
according to SAWV~R'S at las  9. Ext race l lu la r  spikes were 
recorded f rom an area ex t end ing  f rom the  ven t romed ia l  
nucleus to the  media l  p reopt ic  area. 

Af te r  spon taneous  discharges  were recorded for 20 sec, 
effects of cerebellar  s t imula t ion  were examined.  The 
s t imulus  was r epea ted  10 t imes  a t  in te rva ls  of 2 sec. 
Then  the  basel ine discharges  were again recorded for 20 
sec. 

Results. In  62 uni ts  recorded,  the  ra te  of spon taneous  
d ischarge  in t he  contro l  s tage ranged  f rom 0.5 to  38.7 
spikes/sec w i th  an average of 8.5 spikes/sec.  The cere- 
bellar inf luence was  exc i t a to ry  in 22 uni ts  and  inh ib i to ry  
in 16 units.  The remain ing  24 uni ts  did no t  respond.  

Effec ts  of cerebellar  s t imula t ion  were eva lua ted  as 
exc i t a to ry  by  the  following cr i ter ia :  1. U n i t a r y  spikes 
were evoked by  s t imula t ion .  2. The spon taneous  fir ing ra te  
increased by  50 to  100% of control ,  while  cerebellar  
s t imula t ion  was repea ted ,  and r e tu rned  app rox ima te l y  to  
t he  contro l  ra te  af ter  s t imula t ion  was s topped.  

Figure  A is an example  of exci ta t ion.  In  th is  uni t  a 
single spike was evoked in a l a tency  of 32 msec measured  
f rom the  f irs t  s t imulus  pulse. Figures  ]3, C and  D are do t  
d isplays  of spike discharges  f rom ano the r  unit .  B and D 
are control  records.  In  C i t  is seen t h a t  single or repe t i t ive  
spikes  were evoked in a l a t ency  of 10 msec upon  cerebellar  
s t imula t ion  and  t h a t  th is  exc i t a to ry  effect  was followed 
by  a long inhibi t ion.  

Cerebellar s t imula t ion  was  judged  as inh ib i to ry  when  
the  spon taneous  fir ing p a t t e r n  changed  in the  following 
way:  1. An a lmos t  comple te  cessat ion of the  spon taneous  
discharges  followed cerebellar  s t imula t ion  immed ia t e ly  
and  las ted for several  hund reds  msec. 2. The spon taneous  
discharge ra te  decreased to  less t h a n  50% of contro l  for 
a 20 sec per iod dur ing  cerebellar  s t imula t ion  and  r e tu rn ed  
app rox im a te ly  to  t he  contro l  r a te  af ter  s t imula t ion .  

Record  of Figure  E is to  exempl i fy  the  cerebellar  
inhibi t ion.  In  th is  unit ,  spike p roduc t ion  was suppressed  
for 250 msec f rom the  beginning  of cerebellar  s t imula t ion .  
Figures  F, G and H are do t  d isplays  spike of discharges  of 
ano the r  neuron.  Suppres ion  of spike discharges  following 
cerebellar  s t imula t ion  (G) was judged  as s ignif icant ,  
t ak ing  the  basel ine discharges  of F and H as control .  The 
m e a n  dura t ion  of cerebellar  inh ib i t ion  measured  f rom the  
last  s t imulus  pulse was 494 4- 176 msec (mean =~ S. E., 
n = lo).  

In  Figure  I tile spon taneous  discharge ra tes  of the  
h y p o t h a l a m i c  uni ts  (ordinates) are p lo t t ed  agains t  the  

recording dep ths  measured  f rom the  cort ical  surface 
(abscissae): E m p t y  circles denote  exc i ta t ion  and  filled 
ones inhibi t ion.  Exc i t a t i on  is d i s t r ibu ted  over  a wide range 
of discharge rates,  whereas  inh ib i t ion  occurs preferent ia l ly  
in neurons  wi th  low discharge rates.  

Discussion. The exc i ta t ion  of h y p o t h a l a m i c  neurons  
by  ve rmal  lobe s t imula t ion  is in accord wi th  t he  f indings 
of SAWYER et al. ~ in rabbi ts .  They found t h a t  s t imula t ion  
of t he  vermis  caused E E G  arousal  in VMH and  the  
preopt ic  area. S t imula t ion  of the  ve rmal  cor tex  causing an 
inc remen t  of spon taneous  discharges  of h y p o t h a l a m i c  
neurons  seems to con t rad ic t  the  cur ren t  t heo ry  of Pur-  
kinje cell action.  However ,  ITO et  al. 10 recorded the  late 
fac i l i ta tory  depolar iza t ion  f rom cells of t he  medul la ry  
re t icular  fo rmat ion  following s t imula t ion  of the  vermal  
cortex.  Similar  po ten t ia l s  m a y  be evoked in cells of the  
mesencepha lon  by  s t imula t ion  of the  ve rmal  cortex.  
E x c i t a t o r y  impulses  p roduced  the re  m a y  t h e n  be con- 
duc ted  to t he  h y p o t h a l a m i c  neurons.  

The cerebellar  inh ib i to ry  influence on h y p o t h a l a m i c  
neurons  is no t  l ikely to  be due to di rect  inh ib i to ry  im- 
pulses ar r iv ing at  these  neurons.  I t  appears  to be due to a 
decrease or cessat ion of exc i t a to ry  impulses  to t he  
h y p o t h a l a m u s  11. 

Zusammen/assung. Der Einf luss  e lektr ischer  Klein-  
h i rnre izung  auf die spon tane  Neuronenak t iv i t~ t  des 
media len  H y p o t h a l a m u s  wurde  un te rsuch t .  Nach  Rei-  
zung des Vermis  kam es zur E r h 6 h u n g  und  Depress ion 
der  Spontanakt iv i tXt .  
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Department o/Anatomy, 
Osaka University Medical School, 33 Joancho, Kita-hu 
Osaka 530 (Japan), 5 November 7973. 
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I n t r a a x o n a l  I o d a t e  I n h i b i t s  S o d i u m  I n a c t i v a t i o n  1, ~ 

Recen t  expe r imen t s  on single 1Ranvier nodes  under-  
t a k e n  wi th  Prof.  J . F . W .  KEANA 3 to  t e s t  t he  act ion of 
specific chemical  reagents  on ion-specific po ten t i a l  and 
t ime  d e p e n d e n t  p a t h w a y s  across the  exci table  m e m b r a n e  
showed,  a m o n g  o the r  results ,  a considerable  l eng then ing  
of t he  act ion po ten t i a l  if KIOa diffused into the  axon 
f rom the  cut  ends. Superfus ion of the  noda l  m e m b r a n e  
wi th  Na- IO 3 had  no s t r ik ing action,  e i ther  on act ion po ten-  
tials or on Na, K and  leak currents .  I have  now done some 
more  expe r imen t s  to check the  origin of the  l eng then ing  

of the  act ion po ten t i a l  by  i n t r aaxona l  appl ica t ion  of IO a 
ions. 
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