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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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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. 

1 Dedicated to Prof. A. VON MURALT on the occasion of his 70th 
birthday. 
Sponsored by the Deutsche Forschungsgemeinschaft Sonder- 
forschungsbereieh 38 - Membranforschung. 

3 Department of Chemistry, University of Oregon, Eugene, Oregon, 
USA. 

4 W. NONNER, Pfliigers Arch. 309, 176 (1969). 
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Method. Sing l e  R a n v i e r  n o d e s  of  m o t o r  a n d  s e n s o r y  
f i b r e s  of  R a n a  esculenta or  X e n o p u s  laevis were  m o u n t e d  
for  c u r r e n t -  a n d  v o l t a g e  c l a m p  a. T h e  c h a m b e r  a n d  t h e  
f lu id  u s e d  for  s u p e r f u s i o n  of  t h e  n o d e  we re  k e p t  a t  15 ~ 
A t  t h e  b e g i n n i n g  of a n  e x p e r i m e n t ,  t h e  i n t e r n o d e s  o n  
e i t h e r  s ide  of  t h e  n o d e  u n d e r  i n v e s t i g a t i o n  we re  c u t  a f t e r  
h a v i n g  e x c h a n g e d  t h e  R i n g e r ' s  s o l u t i o n  in  t h e  s ide  poo l s  
b y  i s o t o n i c  KC1 s o l u t i o n .  C h a n g e s  of t h e  e x t e r n a l  f l u id  
s u p e r f u s i n g  t h e  n o d a l  m e m b r a n e  we re  o b t a i n e d  b y  
s w i t c h i n g  to  t h e  r e q u i r e d  s o l u t i o n  b y  m e a n s  of  a n  a d e q u a t e  
s t o p c o c k .  

I n s i d e  a p p l i c a t i o n  of  IO  3 w a s  o b t a i n e d  5 b y  e x c h a n g i n g  
t h e  i s o t o n i c  KC1 s o l u t i o n  of  t h e  t w o  s ide  poo l s  c o n t a i n i n g  
t h e  c u t  e n d s  of  t h e  n e r v e  f ib re  b y  a n  i s o t o n i c  s o l u t i o n  
of 120 m M  K a n d  t h e  r e q u i r e d  a m o u n t  of  I O  3 a n d  C1 t o  
m a k e  u p  120 m M .  T h e  c u t  e n d s  we re  a t  a d i s t a n c e  of  0.5 
t o  1.5 m m  f r o m  t h e  n o d e  u n d e r  i n v e s t i g a t i o n ,  m o s t l y  a t  a 
s h o r t e r  d i s t a n c e  in  poo l  E ( p r o x i m a l )  a n d  a t  a l o n g e r  
d i s t a n c e  in  poo l  C (d is ta l )  o w i n g  to  t h e  a d d i t i o n a l  l e n g t h  
of  t h e  a i r  g a p  4. D u r i n g  t h e  e x c h a n g e  of  t h e  f lu id  in  t h e  

5 E. KOPPENHOFER and W. VOGEL, Pflfigers Arch. 313, 361 (1969). 
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Fig. 1. Upper half: Steady state current voltage curves in TEA-Ringer before (0 min) and after replacing the isotonic KC1 of the side pools 
by isotonic KIO 8 solution. Note increasing inward currents with a max imum at about 73 mV depolarization and zero current at about 132 mV 
for the two longest applications of IO a and probably its highest concentration reached at the internal surface of the membrane.  Lower 
half: Clamp currents measured for diffusion times 0 (before application of IO3) and 5.5 and 15.7 rain after begin of diffusion of I Q  into 
axoplasm plotted by computer. Note increase of early Na inward currents and appearance of delayed inward currents due to partial inhi- 
bition of inactivation of Na system. Abscissa: time (msec). Ordinate: current measured as potential drop along series resistance of axoplasm 
(mV). Distance of cut ends from node in current carrying pool 1000 ~m. Exp. 47 motor fibre of Xenopus laevis. 
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side pools, t he  gain of t h e  f eedback  ampl i f i e r  was  swi tched  
off a n d  t h e  pools  were connec ted  to ground.  E a c h  pool  
was  w a s h e d  w i t h  a b o u t  5 t imes  i ts  c apac i t y  w i t h  t he  
new f luid a n d  the  overf low was sucked off to  keep t he  
f luid level  cons t an t .  T he  p rocedure  of c h a n g i n g  t he  solu- 
t ion  in b o t h  side pools  t ook  30 to  60 sec. Af te r  swi t ch ing  
b a c k  to  vo l tage  c lamp,  t h e r e  was a lways  a dev i a t i on  of 
t he  base  l ine of c u r r e n t  b y  1-4 m V  ( a p p r o x i m a t e l y  0 .6-  
2 . 5 x 1 0  -1~ A) to  t he  nega t i ve  side ( inward  cur ren t )  
wh ich  in some of t he  e x p e r i m e n t s  was  c o m p e n s a t e d  b y  
m a k i n g  pool  E more  nega t ive  b y  th i s  a m o u n t ,  t h u s  b r ing-  
ing t h e  base  l ine b a c k  to  zero. (The base  l ine was recorded  
w i t h  an  ink  wr i t e r  t h r o u g h o u t  t he  exper iments . )  

Ac t ion  p o t e n t i a l s  were recorded  on  m o v i n g  f i lm to  
measu re  t he  change  of d u r a t i o n  a n d  a m p l i t u d e  d u r i n g  t he  
onse t  of ac t ion  of IO8 a t  t he  i nne r  surface of t h e  noda l  
m e m b r a n e .  

Cu r r en t  vo l t age  curves  for, ear ly  or s t e a d y  s t a t e  
cu r r en t s  in  vo l tage  c l amp  were o b t a i n e d  b y  us ing  ade-  
q u a t e  on-l ine p r o g r a m s  of a H o n e y w e l l  D D P - 5 1 6  com- 
p u t e r  g iv ing  t h e  vo l tage  pulses a n d  m e a s u r i n g  t he  cur rents .  
D u r i n g  t he  pause  be t w een  t he  pulses,  t he  c u r r e n t  m a x i m a  
were e v a l u a t e d  and  cor rec ted  for leak c u r r e n t s  a n d  t he  
curves  were d i sp layed  a t  t he  end  of each  pulses series 
w i t h  a u t o m a t i c  scal ing on  a s torage  scope;  t h e y  could 
be  p h o t o g r a p h e d  w i t h  a po la ro id  camera .  More precise 
e v a l u a t i o n  of the  d a t a  could be  o b t a i n e d  b y  s to r ing  t he  
i n fo rma t ion  on  p u n c h  t ape  and  c o m p u t i n g  t h e  va lues  off- 
line. A s imi la r  p rocedure  was used to o b t a i n  hoo curves.  
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Fig. 2. Current clamp measurement of membrane potential recorded 
with ink writer after 19 min of application of 120 mM KI% by 
diffusion into axoplasm from both side pools; motor fibre of Rana 
esculenta. 'Action potential' occuring after small depolarization of 
membrane followed by spontaneous action potentials. Note duration 
of about 1 min, oscillations, overshoot and dependence of amplitude 
from interval between spontaneous action potentials. After the 
last AP the amplifier is set to voltage clamp position and current is 
recorded at holding potential V = 0. The EM scale is obtained after 
electrical destruction of the node indicating zero membrane potential 
at V = 72 inV. Exp. 31 motor fibre of Rana esculenta. 

The  abso lu te  va lue  of t he  r e s t ing  p o t e n t i a l  was de- 
t e r m i n e d  a t  t he  end  of each  e x p e r i m e n t  b y  des t roy ing  
t he  m e m b r a n e  w i t h  a hype rpo la r i z ing  pulse of 360 m V  
in vo l tage  c l amp  and  b y  m e a s u r i n g  t he  c u r r e n t  c l amp 
p o t e n t i a l  level  w h i c h  is a s sumed  to be  zero a f t e r  des t ruc-  
t ion  of t he  membrane~ .  

Resu l t s .  1. If  t he  m e m b r a n e  is c l amped  to t he  r e s t ing  
p o t e n t i a l  (70 m V  a p p r o x i m a t e l y )  in  R inge r ' s  solut ion,  
2 -4  ra in  a f t e r  e x c h a n g i n g  t he  isotonic  KC1 of t he  side 
pools  b y  isotonic  KIO8 so lu t ion  t h e  c l amp  c u r r e n t  wh ich  
h a d  p rev ious ly  been  set  to  zero begins  to  become  inward .  
This  i n w a r d  c u r r e n t  can  be  r e m o v e d  b y  us ing  a Na+ free 
ex t e rna l  so lu t ion  ( T v i s - R i n g e r )  or b y  us ing  T T X - R i n g e r .  
The  t r ace  of t he  i nk  wr i t e r  used to  observe  changes  of 
c l amp c u r r e n t  begins  to  show low f r equency  noise. 

2. The  c u r r e n t  vo l t ag  curves  for ear ly  cu r r en t s  a t  t he  
b e g i n n i n g  of t he  IO a i nduced  changes  show a n  increase  of 
t h e  m a x i m u m  N a - c u r r e n t s  of a b o u t  30% w h i c h  t h e n  
slowly vanishes .  

3. The  s t e a d y  s t a t e  I - V  curves  in T E A - R i n g e r  (7.6 m2VI) 
deve lop  a d o w n w a r d  h u m p  in t he  region of depo la r iza t ions  
a r o u n d  60 m V  which  f ina l ly  becomes  a N- shaped  curve  
r e sembl ing  n o r m a l  ear ly  cu r r en t  vo l tage  curves  for sod ium 
crossing t he  vo l tage  axis  a t  t he  sod ium equ i l i b r ium 
po ten t i a l .  The  m a x i m u m  i n w a r d  c u r r e n t  increases,  t he  
longer  IO8 is d i f fus ing  in to  t he  a x o p l a s m  and  t h u s  
inc reas ing  the  i n t e rna l  IO8 c o n c e n t r a t i o n  (Figure  1). The  
m a x i m u m  ear ly  cu r r en t s  are usua l ly  b igger  t h a n  t he  la te  
s t e a d y  s t a t e  sod ium cu r ren t s  - b u t  in  a few e x t r e m e  cases 
t h e y  become  equa l  w h e n  t he  t o t a l  N a  c u r r e n t  beg ins  to  
show a fas t  r u n  down  (see below). 

4. P ro longed  ac t ion  of IOn-  f rom inside a f te r  acce le ra ted  
r u n  down  leads to  a s u d d e n  loss of t i m e  and  p o t e n t i a l  
d e p e n d e n t  sod ium p a t h w a y s  in t he  m e m b r a n e .  S t rong  
i n w a r d  cu r r en t s  w i t h  an  u n s t e a d y  t i m e  course a n d  m u c h  
noise appear ,  wh ich  could be t a k e n  as i n d i c a t i o n  of a 
m e m b r a n e  b r e a k d o w n .  However ,  t h e  res i s t ance  r ema ins  
h i g h  enough  to  c o m p e n s a t e  t he  s t rong  depo la r i za t ion  
of t he  m e m b r a n e  b y  hype rpo l a r i z i ng  cu r r en t s  in c u r r e n t  
c lamp.  The  m e m b r a n e ,  however ,  ha s  lost  a n y  s ign of 
n o n l i n e a r  b e h a v i o u r  (in TEA-Ringe r ) .  I t  can  be  des t royed  
b y  h y p e r p o l a r i z i n g  in t he  usual  way  and  t he  zero m e m -  
b r a n e  p o t e n t i a l  level  is no rmal ,  i n d i c a t i n g  an  or ig inal  
r e s t ing  p o t e n t i a l  of a b o u t  70 m V  w h i c h  h a d  decreased 
d u r i n g  t he  ac t ion  of i n t e rna l  IO3-  b y  10 to 30 inV. 

5. C u r r e n t  c l amp  record ings  of m e m b r a n e  p o t e n t i a l  a t  
a s tage  of a d v a n c e d  ac t ion  of i n t e r n a l  IO 3- in  T E A -  
R i n g e r  w i t h o u t  the  a b o v e - m e n t i o n e d  d e s t r u c t i o n  of t h e  
vo l tage  a n d  t i m e  d e p e n d e n t  sod ium s y s t e m  are u n s t a b l e  
a n d  t e n d  to  p roduce  s p o n t a n e o u s  ac t ion  p o t e n t i a l s  w i t h  
d u r a t i o n s  of 20 to  60 sec. If  t he  depo la r i za t ion  due to  a 
p e r m a n e n t  sod ium p e r m e a b i l i t y  a t  t he  r e s t ing  p o t e n t i a l  
is ove rcome  b y  a smal l  hype rpo la r i z ing  cur ren t ,  t h e  base  
l ine is s t ab i l i zed  a n d  some of t he  low f r equency  noise is 
suppressed.  The  ac t ion  p o t e n t i a l s  e l ic i ted u n d e r  these  
cond i t ions  ove r shoo t  t he  zero p o t e n t i a l  l ine  b y  20 to  40 
inV. T h e y  can  be  recorded  w i t h  t he  ink  wr i t e r  (Figure 2) 
a n d  t e n d  to osci l late  in  t he  r egene ra t ive  shut -of f  p a r t  of 
t he  r epo la r i za t ion  phase .  

6. hoo  curves  w i t h  i n t e r n a l  IO 8- are  less s teep a n d  do 
no t  r each  t he  va lue  ot comple te  i nac t iva t ion ,  even  a t  
s t rong  depo la r i za t ions  (Figure  3). 

7. Tai l  cu r r en t s  in T E A - R i n g e r ' s ,  a f te r  depola r iz ing  
pulses up  to 120 mV, p re sen t  a n  ear ly  fas t  a n d  t h e n  a 
v e r y  slow decl ine as long as ear ly  N a  cu r r en t s  are sti l l  
exceeding  t he  s t e a d y  s t a t e  ones. 

6 R. STAMPFLI and M. WILLI, Experientia 13, 297 (1957). 
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All t he  modi f i ca t ions  m e n t i o n e d  are p rac t i ca l ly  irre- 
versible,  even  if on ly  2 m i n  a f te r  e x c h a n g i n g  t he  isotonic  
KC1 b y  isotonic  K I O  3 t he  side pools are aga in  filled w i t h  
isotonic  KC1. Only  ex t r em e  du ra t i ons  of ac t ion  po t en t i a l s  
m a y  be reduced  b y  a sma l l  pe rcen t age  a f te r  r e t u r n i n g  to 
KC1 solut ion.  

.Discussion. The  resul t s  i nd i ca t e  t h a t  IOs- ,  wh ich  a m o n g  
o the r  ac t ions  is k n o w n  to  oxidize cys t ine  to 2 molecules 
of t he  co r respond ing  sulfonic acid a n d  to  oxidize disulf ide 
bonds  in insu l in  7, p r o b a b l y  reac ts  w i t h  a key  molecule  
located  inside of t he  sod ium p a t h w a y  across t he  m e m b r a n e ,  
cont ro l l ing  i n a c t i v a t i o n  of t h e  sod ium sys tem.  Appl ied  
to  t h e  ex t e rna l  surface  of t h e  noda l  m e m b r a n e ,  however ,  
IO 3- has  a lmos t  no act ion,  excep t  for a smal l  increase  

of r u n  down  of t he  sod ium and  p o t a s s i u m  sys t em of t he  
m e m b r a n e  s. Th i s  f ind ing  co r robora tes  the  v iew of ROJAS 
a n d  ARMSTRONG 9 who, f rom the i r  f ind ing  of reduced  
i n a c t i v a t i o n  in squ id  axons  per fused  w i t h  pronase ,  
conc luded  t h a t  some p ro t e in  loca ted  a t  t he  ins ide  of t he  
exc i t ab le  m e m b r a n e  cont ro l s  i n a c t i v a t i o n  of t he  sod ium 
sys tem.  IO3-, however ,  bears  m a n y  a d v a n t a g e s  c o m p a r e d  
to pronase .  I t  can  be  appl ied e lec t rophore t i ca l ly  t h r o u g h  
mic rop ipe t t e s  a n d  i ts  mode  a n d  si te  of ac t ion  should  no t  
be too  di f f icul t  to  e lucidate .  

F u r t h e r m o r e ,  t he  poss ib i l i ty  of work ing  w i t h  ' open '  
sod ium ' channe l s '  will g rea t ly  enhance  t he  possibi l i t ies  to  
s t u d y  t he  ac t ion  of chemica l  a n d  phys ica l  agen ts  on t he  
sod ium s y s t e m  w i t h  s imple  vol tage  c l amp systems.  
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Fig. 3. hoo curves obtained before and after exchanging the isotonic 
KC1 in the side pools by isotonic KIO~. The results were obtained 
'on-line' with a program developed for normal inactivation using 
prepulses (60 msec duration) from V = --50 to =t-30 mV. Note 
flattening of curves indicating reduced inactivation. Exp. 31 motor 
fibre Rana escutenta. 

Zusammen/assung .  I o d a t  (IOn-)-fonen h e m m e n  den  
I n a k t i v i e r u n g s v o r g a n g  des N a t r i u m s y s t e m s ,  falls sie 
i n t r a a x o n a l  d u r c h  Diffus ion v o m  a b g e s c h n i t t e n e n  E n d e  
e iner  m a r k h a l t i g e n  F r o s c h n e r v e n f a s e r  her  ans  I n h e r e  der  
S c h n i i r r i n g m e m b r a n  gelangen.  Mi t  der  S p a n n u n g s -  
k l e m m e  erh&lt m a n  d a n n  in  T E A - R i n g e r  eine S t rom-  
S p a n n u n g s k u r v e  des N a t r i u m s y s t e m s  a u c h  m i t  lang 
d a u e r n d e n  Po ten t i a l / i nde rungen .  I n  der  S t r o m k l e m m e  
lassen s ich u n t e r  diesen Umst /Lnden A k t i o n s p o t e n t i a l e  
m i t  D a u e r n  bis  zu 1 ra in  regis t r ieren.  
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M u s c a r i n i c  M e d i a t i o n  o f  t h e  B i p h a s i c  T e m p e r a t u r e  R e s p o n s e  t o  I n t r a h y p o t h a l a m i c  

I n j e c t i o n s  o f  C a r b a c h o l  i n  t h e  C a t  1 

There  is cons iderab le  ev idence  t h a t  in  severa l  species 
ace ty lcho l ine  m a y  be a n e u r o t r a n s m i t t e r  a t  those  synapses  
w i th in  t he  h y p o t h a l a m u s  wh ich  are i nvo lved  in t he  
con t ro l  of b o d y  t e m p e r a t u r e <  I n  t he  cat ,  in jec t ions  of 
m i c r o g r a m  q u a n t i t i e s  of ace ty lcho l ine  or c a r b a m y l -  
chol ine  (carbachol)  in to  t he  an t e r i o r  h y p o t h a l a m i c /  
p reop t ic  (AH/PO)  region of t he  b r a i n  evoke  t h e r m o r e -  
gu la to ry  changes  wh ich  are dos e - dependen t  s. Typica l ly ,  
low doses cause  on ly  a rise in b o d y  t e m p e r a t u r e  and  h igh  
doses, a fall. I n t e r m e d i a t e  doses p roduce  a b iphas ic  
effect:  a fall  fol lowed b y  a rise. To exp la in  t h i s  dua l  
effect  on  b o d y  t e m p e r a t u r e ,  i t  was  p o s t u l a t e d  t h a t  t he  
A H / P O  region of t h e  ca t  con ta ins  two pa r t i a l l y  over lap-  
p ing  chol inergic  sys tems,  one m e d i a t i n g  h e a t  ga in  and  
t he  o ther ,  h e a t  d i s s ipa t ion  s. Since b o t h  ace ty lcho l ine  
a n d  ca rbacho l  possess s t rong  musca r in i c  and  n icot in ic  
agonis t ic  ac t iv i ty ,  i t  is possible  t h a t  n e u r o t r a n s m i s s i o n  
m i g h t  be musca r in i c  in one of these  sys tems  a n d  n ico t in ic  
in  t he  o ther .  The  p re sen t  e x p e r i m e n t s  were car r ied  ou t  to  
examine  th i s  poss ibi l i ty .  

Materials  and methods. Using  p e n t o b a r b i t a l  anes thes i a  
and  asept ic  technic ,  22 G s ta inless  s teel  guide cannu lae  
were i m p l a n t e d  j u s t  above  t he  A H / P O  region in male  
ca ts  weighing  2.5 3.7 kg. Two weeks were al lowed for 
r ecove ry  f rom surgery.  T h r o u g h  a 28 G in jec t ion  can-  

nula,  sterile, pyrogen-free ,  i sotonic  so lu t ions  of d rugs  
dissolved in an  ar t i f ic ia l  ce rebrosp ina l  f luid were in jec ted  
un i l a t e ra l ly  in  a vo lume  of 1.0 btl a t  a d e p t h  of 1.5 m m  
below the  guide tips.  

D u r i n g  each  e x p e r i m e n t a l  session, t he  ca ts  were 
i so la ted  in  a t e m p e r a t u r e - c o n t r o l l e d  c a b i n e t  (20~ -~ 
0.5 ~ and  r e s t r a ined  in a s tock- l ike  device  to  wh ich  t h e y  
h a d  been  p rev ious ly  accus tomed .  Colonic t e m p e r a t u r e ,  
ear  skin  t e m p e r a t u r e  and  r e s p i r a t o r y  r a t e  were m o n i t o r e d  
c o n t i n u o u s l y  t h r o u g h o u t  t he  session. These  p a r a m e t e r s  
were al lowed to s tabi l ize  for a t  leas t  I h before an  in t r a -  
ce rebra l  in j ec t ion  was pe r fo rmed .  

The  fol lowing drugs  were used:  c a r b a m y l c h o l i n e  
chloride,  n ico t ine  d ihydroch lor ide ,  oxo t r emor ine  base  
or s e squ i fumara t e  salt,  1 -hyoscyamine  hyd roch lo r ide  
a n d  m e c a m y l a m i n e  hydroch lor ide .  

Results  and discussion. I n  con f i rma t ion  of a p rev ious  
r e p o r t  s, i n t r a h y p o t h a l a m i c  in jec t ions  of 0.01 M to  
0.03 M ca rbacho l  in to  A H / P O  loci p roduced  b iphas ic  

1 Supported in part by Grant No. NSl1175-01 from the National 
Institutes of Health, U.S. Public Health Service. 
P. LOMAX, International Review o] Neurobiology (Academic Press, 
New York 1970), vol. 12, p. 1. 

3 T. A. RunY and H. H. WOLF, Brain Res. 38, 117 (1972). 


