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Zusammen/assung. Die W i r k u n g  yon  G l u t a m a t  wurde  
au f  das  M e m b r a n p o t e n t i a l  yon  R f i c k e n m a r k l l e u r o n e n  des 
M e n s c h e n  u n d  der  R a t t e  in  G e w e b e k u l t u r  u n t e r s u c h t .  
E n t f e r n u n g  der  N a t r i u m i o n e l l  aus  dcr  ext razel lu lXren 
Flf iss igkei t  f t ih r t  zu e inem V e r s c h w i n d e n  der  d u r c h  Glu-  
t a l n a t  e r zeug ten  Depola r i sa t ion .  Diese Be funde  weisen 
d a r a u f  bin,  dass  G l u t a m a t ,  welches  eille v e r m u t l i c h e  
tdber t r /~gersubsta l lz  im R i i c k e n m a r k  ist, die Permeabili t~Lt 
de r  N e u r o l l e n m e m b r a n  ftir N a t r i u m i o n e l l  e rh6h t .  Die 
Versuche  zeigen ferner ,  dass  die G e w e b e k u l t u r  ein aus-  

geze ichnetes  Modell  i s t  zur  Abkl/~rung y o n  iona len  Me- 
chan i smen ,  welche der  W i r k u n g  y o n  ~ b e r t r ~ g e r s u b -  
s t a n z e n  im Z e l l t r a l n e r v e n s y s t e m  zug runde  liegen. 
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D e c r e a s e  in the  S y m p a t h o - I n h i b i t o r y  Ac t ion  of Clonid ine  after D e s t r u c t i o n  of the  
S y m p a t h o - I n h i b i t o r y  Area  

There  is COllSiderable ev idence  for a c en t r a l l y  m e d i a t e d  
decrease  in t he  s y m p a t h e t i c  tone  b y  c lonidine  1-6. The  
m a i n  s i te  of ac t ion  has  been  local ized in t be  medu l l a  
o b l o n g a t a  b y  t r a n s e c t i o n  e x p e r i m e n t s  T, s a n d  in jec t ion  
in to  t he  cepha l ic  a r te r ies  3, o,n. P i p e r o x a n  lo, n and  
y o h i m b i n e  n a n t a g o n i z e d  t h i s  effect. There fore  a n  
a c t i v a t i o n  of c en t r a l  a ad reno recep to r s  has  been  pro-  
posed ~6,n as t he  cause  of t h e  s y m p a t h o - i n h i b i t o r y  
effect. A no rad rene rg i c  m e c h a n i s m  i n h i b i t i n g  t he  sym-  
p a t h e t i c  t one  ha s  been  sugges ted  to  be  local ized in t h e  
medu l l a  o b l o n g a t a  16,11. 

Clonidine  ha s  a m u c h  tess r educ ing  effect  on t he  
increase  in t h e  s y m p a t h e t i c  tone  b r o u g h t  a b o u t  b y  
cen t r a l  s t i m u l a t i o n  t h a n  i t  h a s  on  t he  s p o n t a n e o u s  
s y m p a t h e t i c  t one  s,12. Clonid ine  r educed  t h e  effect  of 
s u b m a x i m a l  s t i m u l a t i o n s  b u t  d id  n o t  change  or even  
increase  t h e  effects of s u p r a - m a x i m a l  s t imu la t ions .  
WAITE 12 h y p o t h e s i z e d  a s u m m a t i o n  of t h e  effects  of 
c lonid ine  on  cen t r a l  m e c h a n i s m s  w i t h  t he  in f luence  of 
t h e  ba ro recep to r s  f ibres  on  cen t r a l  s y m p a t h e t i c  tone.  
At  s u b m a x i m a l  s t imu la t i on ,  t he  inf luences  coming  
f rom the  b a r o r e c e p t o r  p a t h w a y  are also s u b m a x i l n a l  
a n d  t h e i r  s y m p a t h o - i n h i b i t o r y  effect  could s u m m a t e  
w i t h  t he  effects of sma l l  doses of c lonidine.  For  supra -  
m a x i m a l  s t imula t ions ,  t he  s y m p a t h o - i n h i b i t o r y  mecha -  
n i sms  are m a x i m a l l y  a c t i v a t e d  a n d  a s u m m a t i o n  is 
no t  possible.  There fore  t he  increase  in t h e  s y m p a t h e t i c  
t one  induced  b y  cen t r a l  s t i m u l a t i o n s  is unopposed .  
On t he  o t h e r  hand ,  t h e  f i rs t  synapse  of t h e  b a r o r e c e p t o r  
p a t h w a y  was local ized in to  t he  nuc leus  t r a c t u s  sol i ta-  
ri i  ~a, ~4 a n d  t h e  nuc leus  re t i cu la r i s  pa ramed ia l i s  15, 
two  regions where  noradre l l a l ine -co l l t a in ing  neu rons  
were found1% A norad rene rg i c  l ink  in th i s  p a t h w a y  
was the re fo re  p roposed  ~6,11 

I n  these  hypo theses ,  c lonidine  was sugges ted  to  mimic  
or to  a c t i v a t e  s y m p a t h o i n h i b i t o r y  m e c h a n i s m s  in t he  
medu l l a  ob longa ta .  To check  th i s  suppos i t ion ,  des t ruc-  
t i on  in t h e  b u l b a r  depressor  a rea  were pe r fo rmed  a n d  
t h e i r  possible  inf luence  on  t he  s y m p a t h o - i n h i b i t o r y  
effect  of c lonidine  was inves t iga ted .  

3/Iethods. Cats  of e i the r  sex weigh ing  2-3.5 kg were 
a n a e s t h e t i z e d  i.v. w i t h  a m i x t u r e  of chloralose (0.050 g/ 
kg) a n d  u r e t h a n e  (0.250 g/kg). T h e y  were t r a c h e o t o -  
mized  b u t  a l lowed  to  b r e a t h e  spon taneous ly .  Caro t id  
b lood pressure  was recorded  b y  m e a n s  of a S t a t h a m  
P 23 D b  pressure  t r a n s d u c e r  on  a S a n ' E l  V i s ig r aph  
a n d  on  a b e a m  of a ca thod ic  oscilloscope T e k t r o n i x  
502 A us ing  t he  D.C. channe l .  

The  sp lanchn ic  n e r v e  was i so la ted  b y  a p a r a v e r t e b r a l  
incis ion r e t r o p e r i t o n e a l l y  a t  i ts  ex i t  of t he  d i a p h r a g m .  
The  ne rve  was s t r i pped  of i t s  s h e a t h  a n d  a b u n d l e  of 

f ibres  was  p laced  on  a pa i r  of p l a t i n u m  electrodes.  The  
ne rve  was  cu t  d is ta l ly .  The  splanchlliC discharges  were 
ampl i f i ed  b y  a T e k t r o n i x  122 p reampl i f i e r  us ing  t he  
f requencies  be tween  80-1000 Hz. The  d ischarges  were 
exposed  on  t he  second b e a m  of t h e  oscilloscope. The  
d ischarges  were p icked  up  a t  t h e  o u t p u t  of t he  p r e a m -  
plifier,  fu l ly  rec t i f ied  a n d  s m o o t h e d  b y  m e a n s  of a n  
ope ra t i ona l  ampl i f i e r  us ing  a R. C. n e t w o r k  of a 0.2 
second t i m e  cons t an t .  The  s m o o t h e d  d ischarges  were 
exposed on  a c h a n n e l  of t h e  Vis igraph.  The  a m p l i t u d e  
of t he  s m o o t h e d  s ignal  was  a p p r o x i m a t e l y  p r o p o r t i o n a l  
to  t he  a m p l i t u d e  a n d  f requencies  of t h e  i n p u t  po ten t i a l .  
The  va lue  of the  s m o o t h e d  s ignal  before  t h e  a d m i n i s t r a -  
t i on  of cloll idine was t a k e n  as 100% a n d  t he  zero was 
d e t e r m i n e d  a f t e r  t h e  d e a t h  of t he  an imal .  

To expose t he  medu l l a  ob longa ta ,  t h e  head  of t h e  
a n i m a l  was p laced  in a s t e r eo tax ic  i n s t r u m e n t  (La Pr6-  
cision C i n 6 m a t o g r a p h i q u e  Fran~aise) ;  t he  muscles  of 
t he  neck  were incised and  recl ined.  The  occ ip i to -a t l an-  
to id  m e m b r a n e  was opened  and  a p a r t  of t he  occipi ta l  
bone  was r e m o v e d  in o rder  to  expose t he  f loor of t he  
4 th  vent r ic le .  The  ce rebe l lum was g e n t l y  recl ined.  A 
s ta inless  steel  e lec t rode  of 0.3 m m  in d i ame te r ,  var -  
n i shed  on  i ts  whole  l e n g t h  excep t  for  0.5 m m  a t  i ts  t ip,  
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was placed on the  floor of t he  4 th  ventr ic le  1-3 m m  
rost ra l  to  the  obex in the  midline.  An area where  elec- 
t r ical  s t imula t ion  (1-3 volts,  3 30 Hz, 2 msec) induced  
hypo tens ion  and  b radyca rd i a  was chosen. The des t ruc-  
t ion  was pe r fo rmed  wi th  a h igh  f requency  cur ren t  of 
10 mA appl ied dur ing  45 see. The electrode was  dis- 
placed 2 m m  rostral ly,  2 m m  caudally,  and  2 m m  in 
depth .  The des t ruc t ion  was t aken  as sa t i s fac tory  when  
pull ing on a carot id  a r t e ry  did no t  induce a decrease 
in blood pressure  or hea r t  rate .  

Similar  expe r imen t s  were pe r fo rmed  on dogs of e i ther  
sex, weighing 5-8 kg and  anaes the t i zed  wi th  chloralose 
(0.100 g/kg i.v.). 

Results. Clonidine (10 Fg/kg i.v.) induced,  in 7 sham 
opera ted  cats, t he  usual  changes :  a hype r t ens ion  follow- 
ed by  a long-last ing decrease in blood pressure  and  a 
b radycard ia .  Mean blood pressure  decreased f rom 120 
4- 6 m m  Hg  (144 • 6/108 4-4) before clonidine to  95 
4- 4 m m  Hg (117 4- 5/81 ~= 4) 20 min  af ter  the  drug. 
The difference was h ighly  s ignif icant  (P  < 0.01). Splanch-  
nic discharges were s t rongly  reduced  (70 4- 8%). 

Af te r  a large des t ruc t ion  of the  depressor  area, ini t ial  
blood pressure  was s ignif icant ly  lower t h a n  ill sham 
opera ted  cats  and was 97 4- 9 m m  Hg (121 4- 9/72 4- 
10). Clonidine induced  an increase in blood pressure  bu t  
the  b radyca rd i a  and tile secondary  decrease in blood. 
pressure  did no t  appear ;  20 rain af ter  the  admin i s t ra -  
t ion  of clonidine, blood pressure  was 98 4- 8 m m  Hg  
(119 4- 7 /80~8)  which  was no t  s ignif icant ly  d i f ferent  
f rom the  init ial  value. Splanchnic  discharges  were 
reduced  only by  25 4- 6~o. 

In  dogs i t  was easier to pe r fo rm the  des t ruc t ion  of 
t he  depressor  area w i thou t  changing  blood pressure.  
Figure 1 shows the  record of a dog af ter  a large des t ruc-  
t ion of the  medul la ry  depressor  area. In  tile upper  
row, clonidine (10 ~xg/kg) induced  a rise in blood pressure  
followed b y  a decrease and  hea r t  r a te  was slowed; 
splanchnic  discharges  were reduced to  50~o. 2 h 
la ter  the  ac t ion  of clonidine had  disappeared;  a larger 
des t ruc t ion  was per fo rmed  and clonidine induced  only 
a small  rise in blood pressure  bu t  no bradycard ia .  The 

d e c r e a s e  in sp lanchnic  discharges was only  20%. 
Figure 2 shows tile dose response  curve for the  hypo-  

tens ive  effect  of clonidine admin i s t e red  ill small  doses 
(0.3-1 vg/kg) into t he  ve r tebra l  a r t e ry  of a dog. Af te r  
recovery,  a large des t ruc t ion  in tile depressor  bu lba r  
area was pe r fo rmed  and  the  dose response  curve  of 
clonidine was shif ted to  t he  right,  indica t ing  a decreased 
effectiveness.  

Discussion. The presen t  work  was u n d e r t a k e n  to  
discover  the  inf luence of des t ruc t ion  of t he  bu lbar  
depressor  area on the  sy lnpa tho - inh ib i to ry  effect  of 
clonidine. Tile results  indica te  a reduced  effect iveness  
of clonidine af ter  t he  des t ruc t ion .  

In  cats,  the  fall in b lood pressure  was abolished.  
However ,  th i s  resul t  canno t  be t a k e n  as evidence for 
a decreased act ion of clonidine a t  centra l  si tes of act ion.  
In  fact,  in cats  w i th  the  depressor  area des t royed,  t he  
ini t ial  b lood pressure  was lower t h a n  in contro l  animals  
and  was no t  s ignif icant ly  d i f ferent  f rom blood pressure  
on contro l  animals  measured  20 min  af ter  t he  admin is t ra -  
t ion  of clonidine. Af ter  the  des t ruct ion,  splanchnic  dis- 
charges were also reduced  at  a s imilar  ex t en t  t h a n  af ter  
clonidine in control  animals.  I t  could therefore  be con- 
cluded t h a t  the  des t ruc t ion  reduced  the  s y m p a t h e t i c  tone  
to  the  same ex t en t  as clonidine. This  resul t  was p robab l y  
due to  t he  fact  t h a t  pressor  and depressor  areas are inter-  
mingled  1~, i s  However ,  t h a t  clonidine did no t  reduce the  
sp lanchnic  discharges  fu r the r  indica tes  t he  medul la  
ob longa ta  as the  main  si te of ac t ion of the  drug. 

In  dogs the  des t ruc t ion  of the  s y m p a t h o - i n h i b i t i n g  
area was easier to  perform,  and af ter  th is  des t ruc t ion  
the  s y m p a t h o - i n h i b i t o r y  effect  of clonidine was weaker.  
The dose response  curve for t he  hypo tens ive  effect  of 
clonidine admin i s t e red  in to  the  ve r tebra l  a r t e ry  was 
shi f ted  to  the  r ight ,  ind ica t ing  a decreased sensi t iv i ty .  

Therefore,  these  exper imen t s  indica te  t h a t  the  ma in  
site for the  hypo tens ive  effect  of clonidine is localized 
in the  depressor  medul la ry  area lying at  t he  level of 
the  obex. They  afford some suppor t  for the  hypo thes i s  
t h a t  clonidine mimics  or ac t iva tes  cent ra l  s y m p a t h o -  
inh ib i to ry  mechanisms .  However ,  a large des t ruc t ion  
was necessary  to  decrease the  s y m p a t h o - i n h i b i t o r y  
effect  of clonidine, and a def ini te  conclusion as to  the  
precise site of ac t ion was no t  possible,  since the  reduc t ion  
in t he  s y m p a t h e t i c  discharges induced by  clonidine 
was never  comple te ly  abol ished in dogs, therefore  

D e s t r u c t i o n  o f  i h e  b u l b  a t  dep . . . . . . . . .  a in the dog 

S p l a n c l l n i c  
discharges 

Blood 
pressure 

Fig. 1. Decrease in the sympatho-inhibitory action of clonidine 
after a destruction of the bulbar area in the dog. The upper row 
shows the classical effects of clonidine: a rise in blood pressure 
followed by a decrease (not shown), a bradyeardia and a reduction 
in splanchnic discharges. The lower row was taken 2 h after the 
recovery. A large destruction was performed in the depressor 
medullary area. Clonidine in the same dosage induced a rise in 
blood pressure, did not slow the heart rate and induced a much 
lesser decrease in splanchnie discharge than before the intervention. 
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Fig. 2. Decrease in the hypotensive effect of clonidine injected into 
the vertebral artery of a dog after a large destruction of the bulbar 
sympatho-inhibitory area. The figure shows the dose response curve 
of the hypotensive effect of clonidine injected into the vertebral 
artery of a dog (--). 2 h after the recovery, a large destruction was 
performed in the bulbar depressor area: the dose-response curve 
(---) was shifted to the right ,but tile maximal effect was not changed. 

17 S. W. RANSO~ ~ and P. R. BILLINGSLEY, Am. J. Physiol. 41, 85 
(1916). 

is R. S. ALEXANDER, J. Neurophysiol. 9, 205 (1946). 
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sugges t ing  o the r  s i tes  of ac t ion ,  poss ib ly  t h e  sp ina l  cord. 
F u r t h e r  work  ha s  to  be  p e r f o r m e d  to  localize t h i s  effect. 

Rdsumd. La  d e s t r u c t i o n  ex t ens ive  de l ' a i re  d6press ive  
bu lba i r e  p r o v o q u e  chez  le c h a t  une  c h u t e  de la p ress ion  
art6riel le,  du  r y t h m e  c a r d i a q u e  et  une  d i m i n u t i o n  de  
l ' a c t iv i t6  61ectrique du  ner f  sp l anchn ique .  L a  c lonid ine  
ne  p r o v o q u e  alors  q u ' u n e  a u g m e n t a t i o n  de la p ress ion  
art6rielle,  sans  h y p o t e n s i o n  secondaire ,  ni  d i m i n u t i o n  
des po t en t i e l s  sp l anchn iques .  L a  pe r t e  des inf luences  

s y m p a t h o - i n h i b i t r i c e s  de la c lonid ine  es t  encore  p lus  
i le t te  chez  le chien,  car  la  d e s t r u c t i o n  ex t ens ive  de ce t te  
a i re  ne  p r o v o q u e  q u ' u n e  d i m i n u t i o n  16g6re de la press ion  
ar t6r ie l le  e t  de l ' a c t i v i t 6  61ectrique du  nef f  sp l anchn ique .  
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Choline Activation of Lithium Transport 

The  t h e r a p e u t i c  usage  of l i t h i u m  to  t r e a t  m a n i c  
depress ives  is well  e s t ab l i shed  1-14. L i t h i u m  c a r b o n a t e  is 
c u r r e n t l y  accep ted  as t h e  s t a n d a r d  t r e a t m e n t  a n d  typ i -  
ca l ly  is a d m i n i s t e r e d  in da i ly  a m o u n t s  of f rom 1.5 to  3.6 
g to ta l .  The  dosages  are usua l ly  g iven  th r i ce  da i ly  s in  
500 t o  1200 m g  a m o u n t s  a n d  resu l t  in  a s e r u m  concen t r a -  
t i on  of f rom 0.6 to  1.5 m e q  l i th ium/1.  

Whi l e  t h e  genera l  response  to  l i t h i u m  t r e a t m e n t  has  
b e e n  posi t ive ,  a n u m b e r  of s ide effects  h a v e  been  repor ted .  
These  inc lude  essent ia l  t r emor ,  anorex ia ,  v o m i t i n g  a n d  
d i a r r h e a  s. I n v e s t i g a t o r s  h a v e  r e p o r t e d  d e r m a t i t i s  ~, in-  
creases in  t h y r o i d  size a n d  iodide  m e t a b o l i s m  s-l~, 
E K G  changes% a n d  a n  increase  in  i n t r a c e l l u l a r  a n d  
ex t r ace l lu l a r  w a t e r  c o n t e n t  1~. Severa l  reports~3, ~ in- 
d ica te  t h a t  p ropauo lo l  ( Indera l )  m a y  be  used  to  t r e a t  
essent ia l  t r e m o r  unless  t h e  l i t h i u m  is g iven  c o n c u r r e n t l y  
w i t h  t r icycl lc  a n t i - d e p r e s s a n t s  ~4. P r o p a n o l o l  is k n o w n  
to  i n h i b i t  cho l ines te rase  a c t i v i t y  and  is used w i t h  t h i s  
in  mind .  

I n  v iew of t h e  a fo remen t ioned ,  i t  would  seem benef ic ia l  
to  devise  a s y s t e m  in w h i c h  l i t h i u m  t r a n s p o r t  was  accel- 
e r a t ed  w i t h  t he  poss ib i l i ty  of ach iev ing  s imi la r  t h e r a -  
peu t i c  effects  t h r o u g h  lower  dosage levels.  Such  a s y s t e m  
is one in w h i c h  chol ine  fac i l i t a tes  t h e  in i t i a l  f low of 
l i t h i u m  across b o v i n e  e r y t h r o c y t e  m e m b r a n e s  as re- 
p o r t e d  in th i s  p r e l i m i n a r y  c o m m u n i c a t i o n ,  t h e  full  
de ta i l s  of wh ich  will  be  p u b l i s h e d  e lsewhere  15. 

Material and method. H epa r i n i zed  b o v i n e  blood, 
o b t a i n e d  b y  j ugu l a r  p u n c t u r e ,  was  col lected b y  cent r i -  
fuga t ion ,  washed  twice  w i t h  N o r m a l  R ingers  buffer ,  
a n d  r e suspended  in  9 ml  of buf fe r  c o n t a i n i n g  dex t rose  
(0.2 %) a n d  chol ine  iodide where  app rop r i a t e .  Suspens ions  
were i n c u b a t e d  a t  37~ a n d  I ml  of l i t h i u m  su l fa te  
was  a d d e d  to  i n i t i a t e  t he  reac t ion .  A t  c o n v e n i e n t  in te r -  
vals ,  1 m l  samples  were w i t h d r a w n ,  cen t r i fuged ,  a n d  t he  
s u p e r n a t a n t  sepa ra ted .  T he  pel le ts  were t r e a t e d  w i t h  
1 ml  of h e m o l y z i n g  so lu t ion  ~s. T he  r e su l t i ng  so lu t ion  
a n d  t h e  s u p e r n a t a n t  were ana lyzed  s e p a r a t e l y  for  l i t h i u m  
c o n t e n t  as before  ~*. E f f lux  m e a s u r e m e n t s  were also 
pe r fo rmed  as r epo r t ed  prev ious ly .  

Results and discussion. A n u m b e r  of in f lux  a n d  eff lux 
s tud ies  were c o m p l e t e d  a t  37~ as a f unc t i on  of h e m a -  
tocr i t .  The  d a t a  was c lear ly  f i rs t  o rder  w i t h i n  a per iod  
of 30 ra in  or less. Th e  pseudo  f i r s t -o rder  r a t e  c o n s t a n t s  
were i n d e p e n d e n t  of h e m a t o c r i t  w i t h  ke (efflux, 0.045 j= 
0.001 ra in  -1) g rea t e r  t h a n  k~ (influx, 0.035 ~= 0.004 
min-1) .  

A cell v o l u m e  s t u d y  x~ in wh ich  chol ine  was  seen to  
s h r i n k  t h e  ave rage  size of a b o v i n e  e r y t h r o c y t e  led to  
a n  i nves t i ga t i on  of t h e  effect  of chol ine  on  l i t h i u m  inf lux,  
in  wh ich  t h e  t o t a l  c o n c e n t r a t i o n  of l i t h i u m  a n d  chol ine  
was k e p t  a t  4 m M  in t i le  in i t ia l  s u p e r n a t a n t .  T he  in f lux  
r a t e  c o n s t a n t  increased  f rom 0.052 ~z to  0.064 -t- 0.008 
as t he  chol ine  c o n c e n t r a t i o n  was inc reased  f rom 0.8 

to 3.2 meq/1. W h e n  t h e  l i t h i u m  c o n c e n t r a t i o n  is he ld  
c o n s t a n t  (4 m2VI) a n d  t he  chol ine  c o n c e n t r a t i o n  is in-  
c reased f rom 4 to  12 raM, t h e  va lue  of hi inc reased  f rom 
0.043 ~ 0.005 to  0.075 • 0.010. Specifically,  logeki = 
- -3 .37(4-  0.07) + 0 . 0 6 8 ( +  0.008) [choline],  where  
va lues  i nd i ca t e  s t a n d a r d  dev ia t ions .  I n  add i t ion ,  k i was  
i n d e p e n d e n t  of t he  h e m a t o c r i t  (0.13-0.32) for  a g iven  
chol ine  concen t r a t i on .  

P rev ious  workers  1~-19 h a v e  s tud ied  t h e  t r a n s p o r t  of 
chol ine  across e r y t h r o c y t e  m e m b r a n e s .  ASKAR117 ha s  
c o m p a r e d  chol ine  u p t a k e  w i t h  p o t a s s i u m  b y  m e a n s  
of Michael is  k inet ics .  His  resu l t s  inc lude  a la rger  V for  
p o t a s s i u m  a n d  a smal le r  K~n for  chol ine  w h i c h  were  
i n t e r p r e t e d  as i n d i c a t i n g  fewer  b i n d i n g  s i tes  for  chol ine  
a n d  a h ighe r  s i te  a f f in i ty  for  chol ine.  

MARTIN is n o t e d  t h a t  chol ine  t r a n s p o r t  obeyed  f i rs t -  
o rder  k i n e t i c s  for per iods  of 10 m i n  or more  a t  low 
h e m a t o c r i t  va lues  (0.02-0.03).  H e  also e s t ab l i shed  t h a t  
t he re  is no  a p p a r e n t  a d s o r p t i o n  of chol ine  to  t he  cell m e m -  
b r a n e  a n d  t h a t  o u a b a i n  (5 • 10 -5 M) h a d  no  effect  on  
chol ine  t r a n s p o r t .  Us ing  t h e  d a t a  f rom T a b l e  I a n d  F igure  7 
f rom Is i t  is poss ible  to  ca lcu la te  va lues  for  ke (0.035) 
a n d  k i (0.023) in  ra in  -1 for  chol ine.  

1 N. DIDING, J. O. OTTOSON and IVL SCHOU, Acta Psychiat. scand., 
Suppl. 207, p. 49 (1969). 

2 N. S. KLINE, in Modern Problems o] Pharmacopsychiatry (Eds. 
F.A. FREYHAN, N. PETRILOWITSCH and P. PICHOT, Karger, Basel 
1969), vol. 3, p. 1. 

3 p. C. BAASTRUP, J. C. POULSEN, M. SCHOU, K. THOMSEN and 
A. _A_MIDISEN, Lancet 2, 326 (1970). 

4 A. COPPEN, R. NOGUERA, J. BAILEY, B. H. BURNS, IVf. S. SWANI, 
E. H. HARE, R. GARDi'CER and R. MAAGS, Lancet 2, 275 (1971). 

5 R. P. HULLIN, R. McDoNALD and M. N. E. ALLSOPP, Lancet l, 
1044 (1972). 

6 C. LARSO~, M. S. KOCHAR and R. I. H. WANG, J. olin. Pharm. 72, 
459 (1972). 
R. E. PosEY, J. Am. reed. Ass. 221, 1517 (1972). 

8 j .  H. LAZARUS and E. H. BENNIE, Acta endoer. 70, 266 (1972). 
9 IV[. SCHOU, A. AMDISEN, S. E. JENSEN and R. OLSEN, Br. reed. J. 3, 
710 (1968). 

I0 G. SEDVALL, B. JONSSON, U. PETTERSSON and K. LEVIN, Life Sci. 
7, 1257 (1968). 

li T. B. COOPER and G. IV[. SI~tPSON, Curr. Ther. Res. 2, 603 (1969). 
1.z A. COPPEN and D. M. SHAW, Lancet 2, 805 (1967). 
13 H. PAKKENBERG, Lancet 1, 633 (1972). 
14 L. KIRK, P. C. BAASTRUP and M. Scaou, Lancet 7, 839 (1972). 
15 W. R. CARPER, D. D. STOBDARD and D. F. MARTIN, to be published 

elsewhere. 
16 D. F. MARTIN, M. G. HEYL and M. T. DoIG, III, Life Sci. 12, 241 

(1973). 
17 A. ASKARI, J. gen. Physiol. d9, 1147 (1966). 
18 K. MARTIN, J. gen. Physiol 51, 497 (1968). 
19 I{. MARTIN, J. Physiol. 224, 207 (1972). 


