
308 Specialia EXPERIENTIA 31/3 

MENTEN equat ion  according to WOOLF lg. Vmt~z WaS 
31.5 • SD 1.3 and 32.5 ~= SD 1.4 nmol/s .g  liver ill the  
presence  and  in the  absence  of ICG, respect ively .  The 
corresponding  K m  values were 102.8 • SD 14.4 and  90.6 • 
SD 10.6 nmol /g  liver. (Difference of slopes t = 0.69184; 
0.5 > p > 0.4; difference of regression lines t = 1.75768; 
0.1 > p > 0.05). Thus,  no s ignif icant  compet i t ion  be tween  
taurochola te  and  ICG for the i r  up t ake  by  the  hepa tocy t e  
could be demons t ra t ed .  I t  may,  therefore,  be a s sumed  
t h a t  d i f ferent  p a t h w a y s  exist  for the  t r a n s p o r t  of bile 
acids and anionic dyes  f rom the  blood into the  hepa tocy te .  
These f indings subs t an t i a t e  previous  results  ob ta ined  
wi th  a d i f ferent  t echn ique  in the  in tac t  ra t  2, 3 and paral lel  
the  demons t r a t i on  of mul t ip l ic i ty  at hepa t ic  excre tory  
mechan i sms  for organic anions by  ALPERT et ah ~. 

Hepa t i c  t r a n s p o r t  of organic anions f rom the  blood in to  
the  bile m a y  be regarded  as serving main ly  two purposes  : 
the  genera t ion  of bile flow, and  the  e l iminat ion  of a 
var ie ty  of subs tances  f rom the  blood. I t  m a y  offer a 
biological advan t age  t h a t  these  two main  funct ions  are no t  
dependen t  on the  same t r a n s p o r t  sys tem.  Thus,  under  
cer ta in  pathological  condi t ions ,  the  hepat ic  up take  of some 
organic anions could be d i s tu rbed  while the  t r a n s p o r t  of 
bile acids and, wi th  it, bile flow are ma in t a ined  ~7. 

Zusammen/assung. Mitte ls  der  Ind ika to rve rd t innungs -  
m e t h o d e  nach  C-ORESKy1.11 konn te  gezeigt  werden,  dass  
die hepa t i s che  A u f n a h m e  v a n  Tanrocho la t  und  Indo-  
cyaningr i in  (ICG) der MICHAELIS MENTEN Kine t ik  
folgt. Dies ist mi t  der  A n n a h m e  eines Car r ie r -Transpor tes  
vereinbar .  Zwischen Taurochola t  und  ICG konn te  keine 
K o m p e t i t i o n  um die A u f n a h m e  in die Leber  nachgewiesen  
werden.  Dies weis t  darauf  hin, dass  fiir den T ranspo r t  
van  Gallens~uren und  anionischen Fa rbs to f f en  yam 
Blut  in den H e p a t o z y t e n  verschiedene  Transpor twege  
exis t ieren.  

G. PAUMGARTNER and J. REICHEN 

Department o/Clin@al Pharmacology, Umversity o[ Berne, 
Murtemtrasse 35, CH-3008 Bern (S~vitzerland), 
23 December 7974. 

17 Acknowledgments. This investigation was supported by the Swiss 
National Foundation for Scientific Research. The technical 
assistance of Mr. H. SXGESSER and Miss T. W'ZLER and the 
secretarial help of Miss K. G~ELLER are greatly appreciated. 

Rhythmic  Neuronal  Activity in Tissue  Culture 1 

R h y t h m i c  var ia t ions  in neuronal  spike p roduc t ion  have  
been  ob ta ined  in exp lan t s  t a k e n  f rom chick bra ins  follow- 
ing a few hours  of incuba t ion  3. A similar  r h y t h m i c i t y  was 
descr ibed in fetal  roden t  cul tures a and more  recent ly  f rom 
cerebellar  exp lan t s  by  G~HWILER 4 and  CALV~T 5. Dur ing  
the  course of inves t iga t ing  spread ing  depress ion in t issue 
cul ture 6, the  observa t ion  of r h y t h m i c i t y  was expan d ed  to  
several  bra in  areas each hav ing  a different ,  ye t  charac ter -  
istic, burs t  p a t t e r n  and  some hav ing  ex t rao rd ina r i ly  long 
per iodici t ies  measured  in minu tes  ~. 

Methods. The techn ique  of cul tur ing  and recording is 
descr ibed fully elsewhere 6. E x p l a n t s  f rom midbra in ,  
colliculi and  cerebel lum were t aken  f rom newborn  ra ts  
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Fig. 1. Bursts of neuronal spikes photographed from the oscilloscope 
during the recording of neuronal activity in an explant of cerebellum 
cultured for 26 days. To the left is a print of a strip of film indicating 
the regularity of these bursts and to the right is an enlargement. 
Vertical mark indicates 20 [xV and the horizontal 50 msec. Hole 
measured 190 [xm in diameter. 

of more  than  24 bu t  less t h a n  72 h of age. These were 
placed on a glass cover slip and  held by  a clot over  a hole 
(averaging 200 am in diameter)  dril led t h r o u g h  the  cover 
slip. The cul tures  were ma in t a ined  by  the  ' f ly ing cover 
sl ip '  me t h o d  in roller tubes  for a t  least  2 weeks by  which  
t ime  the  t issue had  prol i fera ted  and  migra ted  into the  
hole in the  side. The cover  slip was placed on a ch ambe r  
which  p e r m i t t e d  the  add i t ion  of Gey 's  ba lanced  sal t  
solut ion above and below the  t issue wi th  cont igu i ty  of the  
fluid only a t  the  hole. Sal t -agar  br idges car ry ing  Ag.  AgC1 
electrodes were immersed  ill t he  fluid above and  below the  
t issue;  thus,  no p e r t u r b a t i o n  of the  t i ssue  occurred f rom 
manipu la t ion  of the  electrodes.  The t issue was grown, so to 
speak, ill the  t ip  of the  recording electrode.  One electrode 
was a t  ground and  the  o ther  recorded neuronal  ac t iv i ty  and 
d i rec t  cu r ren t  (dc) difference be tween  upper  and  lower 
chambers .  The dc signal was ampl i f ied  and d isp layed  on a 
penwri ter .  Neuronal  ac t iv i ty  was  mon i to red  by  a digi tal  
f r equency  mete r  which  emi t t ed  a pulse for each spike over  
20 aV. The q u a n t i t y  of spikes per  uni t  of t ime (generally 
1.0 sec) was d isp layed  on the  penwri ter .  In  add i t ion  t h e  
p r epa ra t i on  was made  to  form one a rm of an a l t e rna t i ng  
cu r ren t  (ac) W h e a t s t o n e ' s  br idge f rom which  impedance  
imba lance  was recorded and over  which  shocks to  the  pre-  
pa ra t ion  were delivered.  

Results and d{scussion. Using  these  t echn iques  sponta -  
neous r h y t h m s  were observed in exp lan t s  f rom the  several  
bra in  areas yie lding d i s t inc t ly  d i f ferent  p a t t e r n s  of 
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ac t iv i ty .  Cerebel lar  e x p l a n t s  (Figure 1) cha rac te r i s t i ca l ly  
gave  r ap id  b u r s t s  of spikes  occur r ing  eve ry  100 msec a n d  
h a v i n g  a d u r a t i o n  of 50 msec. Some cerebel lar  cu l tu res  
were obse rved  to  h a v e  per iodic i t ies  of a longer  n a t u r e :  
eve ry  m i n u t e  w i t h  b u r s t s  of 30 sec. The  longes t  per iods  
were obse rved  in e x p l a n t s  of t h e  m i d b r a i n  area  (Figure  2) 
h a v i n g  in t e rva l s  of genera l ly  4 to  7 m i n  b u t  as long as 
10 ra in  y ie ld ing  a cascad ing  f i r ing p a t t e r n  of over  1.0 ra in  
d u r a t i o n  whi le  t he  res t  of t he  per iod  r e m a i n e d  essent ia l ly  
quiet .  These  cascades  could be  d r iven  b u t  ev idenced  a 
r e l a t ive  re f rac to r iness  to  successive electr ic  shocks. 
E x p l a n t s  t r o m  the  colliculi  gave  peaks  of a c t i v i t y  h a v i n g  a 
se r ra t ed  a p p e a r a n c e  to  t h e  spike  d i scharge  p a t t e r n  w i t h  
per iods  of a p p r o x i m a t e l y  4 m i n  in length .  

N o t  eve ry  e x p l a n t  p r o d u c e d  a r h y t h m i c  p a t t e r n  of 
n e u r o n a l  a c t i v i t y  b u t  w h e n  p r e s en t  t he  t y p e  and  p a t t e r n  
of spike d i scharge  was suf f ic ien t ly  cons i s t en t  to  be  a 
re l iable  cha rac t e r i s t i c  of exp l an t s  t a k e n  f rom a p a r t i c u l a r  
a rea  of bra in .  E x p l a n t s  f rom t he  m i d b r a i n  a rea  p roduced  
r h y t h m i c a l  d ischarges  20% of t h e  t ime,  ce rebe l lum 10%, 

and  coll iculus 5 %. E x p l a n t s  no t  in i t ia l ly  showing  r h y t h m i c  
n e u r o n a l  f i r ing  would  occas ional ly  do so la te r  e i the r  
s p o n t a n e o u s l y  or would be  induced  to  do  so b y  small ,  
br ief  shocks  of t he  order  of 10 -~ Amp/Ezm e g iven  for a 
d u r a t i o n  of 1.0 msec. The  r h y t h m i c  p a t t e r n  once in i t i a t ed  
would  con t inue  for over  1 h w i t h  l i t t l e  va r i a t ion .  E v e n t u -  
a l ly  t he  spike p r o d u c t i o n  failed, i nd ica t ed  b y  g r adua l  
d i m i n u t i o n  of t h e  n u m b e r  of spikes gene ra t ed  d u r i n g  
each episode un t i l  f ina l ly  none  was produced .  The  p a t t e r n  
could be  r ev ived  br ie f ly  b y  e x c h a n g i n g  the  f luid in  t he  
record ing  chamber .  I n v e s t i g a t i o n s  were m a d e  a t  r oom 
t e m p e r a t u r e  (27 ~ 

Of t he  b r a i n  areas  s tud ied  cerebra l  cor t ica l  t i ssue  a lone  
d id  no t  d e m o n s t r a t e  a regu la r  p a t t e r n  of a c t i v i t y ;  
however ,  t h e r e  was obse rvea  i r regu la r  s low wave  a c t i v i t y  
h a v i n g  a d u r a t i o n  of 100 msec a n d  an  a m p l i t u d e  of 
500 ~V ( a p p r o x i m a t e l y  5 t imes  t he  a m p l i t u d e  of spikes) 
wh ich  a p p e a r e d  to  i n i t i a t e  n e u r o n a l  spikes. The  a c t i v i t y  
has  been  r epo r t ed  b y  CALVET 5 who  suggests  t h a t  i t  m a y  
resu l t  f rom the  s i m u l t a n e o u s  a c t i v a t i o n  of pos t  s y n a p t i c  
po ten t i a l s ,  l u  a n y  case, t he re  m u s t  be a genet ic  c o m p o n e n t  
to  a c c o u n t  for the  u n i f o r m i t y  of a c t i v i t y  in  a g iven  b r a i n  
a rea  t h a t  is m a i n t a i n e d  in t i ssue  cul ture .  The  r ap id  
r h y t h m s  r epo r t ed  could be  exp la ined  b y  i n t e r n e u r o n a l  
c i rcui t ry .  More l ikely these  r h y t h m s  are d r iven  b y  
p a c e m a k e r  cells no t  unl ike  t he  p a c e m a k i n g  P u r k i n j e  cells 
descr ibed  b y  GXHWlL~R'in cerebel la r  e x p l a n t s !  Smal l  
a l t e r a t i ons  in  m e a s u r e d  i m p e d a n c e  h a v e  occas ional ly  
been observed  ref lec t ing  t r a n s i e n t  changes  in ex t r ace l lu l a r  
space p r o b a b l y  r e su l t ing  f rom neurogl ia l  in t e rac t ion .  
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Fig. 2. Cascades of neuronal activity occurring every 6.5 min in an 
explant from midbrain 16 days of age. The upper trace indicates the 
quantity of neuronal spikes counted by the digital frequency meter 
and the lower trace indicates the de difference between the fluid in 
the upper and lower chambers. This pattern of activity has been 
continuous for more than 45 min. It was only altered by shocks at a, 
b and c where a current density of 9.5 • i 0  -~ Amps per ~xm ~ was 
delivered for 0.05, 0.5 and 5 reset. It can be seen that successive 
shocks with lengthened duration had less affect indicating refracto- 
riness of the tissue. Hole measured 200 ~xnl in diameter. 

Rdsumd. Les e n r e g i s t r e m e n t s  6 lec t r iques  n o n - p e r t u r -  
b a n t s  des neu rones  m a i n t e n u s  en cul ture ,  o a t  m o n t r 6  des 
d6charges  spon tan6es  p r o t o t y p e s  des aires du  sys t~me 
n e r v e u x  cen t r a l  desquel les  les groupes  de cellules cul t iv6es  
a v a i e n t  6t6 ob tenues .  Les groupes  de neu rones  d o n t  les 
e n r e g i s t r e m e n t s  f i gu ren t  ci-dessus,  ou t  6t6 ex t r a i t s  du  
t61enc6phale,  m6senc6phale ,  cervelet ,  e t  des tube rcu le s  
q u a d r i j u m e a u x  de souris nouveau-n6es .  Seuls les neu rones  
p r o v e n a n t  du  t61enc@hate  n ' o n t  pas  p r o d u i t  de d6charge  
61ectrique r b y t h m i q u e .  
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Recording of Electrical Activity from Microscopically Identified Neurons of the Mammal ian Brain 

I n  d issec ted  p r e p a r a t i o n s  of t he  pe r iphe ra l  a n d  inve r t e -  
b r a t e  ne rvous  tissue, a single n e u r o n  or a s y n a p t i c  si te  can  
be  v i sua l ized  microscopica l ly  w i t h  i ts  func t ions  in tac t .  
I m p u l s e  t r a n s m i s s i o n  in these  synapses  was, therefore ,  
i n t ens ive ly  s tud ied  and  unequ i voca l  resu l t s  were ob ta in -  
ed 1-3. I n  t he  m a m m a l i a n  bra in ,  however ,  r ecord ing  of 
e lectr ical  a c t i v i t y  f rom a microscopica l ly  ident i f ied  
n e u r o n  has  no t  been  successful.  A l t h o u g h  b r a i n  sect ions  of 
0 .3-0.4 m m  t h i c k  h a v e  been  found  to e x h i b i t  s p o n t a n e o u s  
a n d  evoked  p o t e n t i a l  ac t iv i t i es  in t he  ar t i f ic ia l  med ia  4-~, 
t h e y  are st i l l  too t h i c k  for o b s e r v a t i o n  of neu r ons  there in .  
In  t he  p r e sen t  expe r imen t s ,  I h a v e  a t t e m p t e d  to  p r epa re  
m u c h  t h i n n e r  sect ions  of t he  gu inea-p ig  ce rebe l lum a n d  
record  ac t ion  p o t e n t i a l s  f rom the  P u r k i n j e  ceils whi le  
o b s e r v i n g  t h e m  w i t h  t he  a id  of a microscope.  

Material and methods. Procedures  for  p r e p a r a t i o n  of t he  
t issue were iden t ica l  w i t h  those  descr ibed  p rev ious ly  
excep t  for t he  t h i cknes s  of sec t ionsL Guinea-p igs  were 

s t u n n e d  and  ki l led b y  blows on t he  b a c k  of t he  neck  and  
t ho rax .  The  b r a i n  was t a k e n  ou t  of t he  skul l  a n d  t he  
ve rmis  of t he  ce rebe l lum was isola ted on  a piece of f i l ter  
p a p e r  covered  w i t h  t he  med ium.  F r o m  the  nodu lus  and  
uvula ,  b locks  of t he  cor tex  of a b o u t  1 m m  t h i c k  were 
p r e p a r e d  a n d  k e p t  in the  m e d i u m  a t  0 -4~  for 5-20 m i n  
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