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Nega t ive  n u m b e r s  s ignify  t h a t  t he  onse t  and  t e r m i n a t i o n  
of t i le cen te r  spo t  precedes  t he  annulus ,  whereas  pos i t ive  
n u m b e r s  i nd i ca t e  t h a t  t h e  a n n u l u s  precedes  the  spo t  
in  t i m e ;  zero de lay  means  t h a t  t he  spot  a n d  a n n u l u s  
were p re sen ted  s i m u l t a n e o u s l y  for t he  full d u r a t i o n  of the  
s t imulus .  The  de lay  (in msec) be t w een  t he  spot  and  
a n n u l u s  w h i c h  leads to  t he  g rea t e s t  a m o u n t  of suppress ion  
of t he  on-d i scharge  will, hence fo r th ,  be  referred to  as the  
best delay for  t he  cell. The  bes t  de lay  for t he  sus t a ined  
cell of F igure  1 is zero. I t  c an  also be  seen f rom t he  f igure  
t h a t  t he  a m o u n t  of suppress ion  d i m i n i s h e d  for de lays  
t h a t  are e i t he r  sho r t e r  (spot  l ead ing  annulus)  or longer  
(annulus  lead ing  spot)  t h a n  t he  bes t  delay.  The  m e a n  bes t  
de lay  for 51 sus t a ined  cells was  found  to  be  7.32 msec  
(S.D. = 3.8), w i t h  t he  a n n u l u s  l ead ing  t he  spot.  

The  ave rage  response  h i s t o g r a m s  of F igu re  2 i l l u s t r a t e  
t he  effect  of s t imu lus  t i m i n g  upon  t he  responses  of a 
t yp i ca l  t r a n s i e n t  cell. As was t h e  case for sus ta ined  cells 
t he re  is a c lear ly  def ined bes t  de lay  and  the re  is an  
increase  in  response  s t r e n g t h  of the  on-d i scharge  as 
de lays  become  sho r t e r  or longer  t h a n  t he  bes t  delay.  
The  be s t  de lay  for  t he  cell in F igure  2 is 40 msec, w i t h  t he  
a n n u l u s  l ead ing  t he  spot .  The  m e a n  bes t  de lay  for  46 
t r a n s i e n t  cells was  d e t e r m i n e d  to  be 38.4 (S.D. = 5.9). 
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Fig. 2. Time series for typical transient cell. Refer to Figure 1 for 
details of stimulating procedure. 

This  m e a n  is s ign i f i can t ly  (p < 0.001) larger  t h a n  t h e  
m e a n  bes t  de lay  for t he  su s t a ined  ceils. A l t h o u g h  t h e r e  
is a cIear d i f ference be tween  t h e  bes t  de lay  for  suppres s ion  
o f  the  on-discharge ,  we were no t  able  to  f ind  s y s t e m a t i c  
differences  b e t w e e n  t he  off -discharges  of these  two  cell 
types .  

The  resu l t s  of severa l  s tud ies  a,6, n sugges t  t h a t  t he  
pe r iphe ra l  i n h i b i t i o n  is s t ronger  in  sus t a ined  cells t h a n  in 
t r a n s i e n t  cells. I n  v iew of t he  f ind ings  of t he  p re sen t  
s tudy ,  these  ear l ier  resul t s  m a y  requ i re  r e i n t e r p r e t a t i o n .  
Fo r  example ,  FUKADA a r epo r t s  t h a t  su s t a ined  cells give 
weaker  responses  to  diffuse l igh t  t h a n  t r a n s i e n t  cells. 
The  n a t u r a l  inference  f rom th i s  f i nd ing  is t h a t  p e r i p h e r a l  
i n h i b i t i o n  is weaker  in t r a n s i e n t  cells. I t  m u s t  be  p o i n t e d  
out ,  however ,  t h a t  t he  s t imu lus  cond i t ions  of the  FUKADA 
s t u d y  favor  p e r i p h e r a l  i n h i b i t i o n  in  t he  sus t a ined  ceil 
because  t h e  cen te r  a n d  s u r r o u n d  were s t i m u l a t e d  s imul-  
t aneous ly .  I f  t he  p e r i p h e r y  h a d  been  s t i m u l a t e d  40 msec 
ear l ier  t h a n  t he  center ,  t he  t r a n s i e n t  cells would  p r o b a b l y  
a p p e a r  to  h a v e  s t ronger  s u r r o u n d  inh ib i t i on .  W e  f ind  no  
evidence  for d i f ferences  in  s u r r o u n d  i n h i b i t i o n  in t r a n s i e n t  
and  sus t a ined  cells w h e n  cells are c o m p a r e d  a t  t h e i r  bes t  
delays.  

Zusammen/assung. Die R e s u l t a t e  d e u t e n  d a r a n f  hin,  
dass  n ich t ,  wie b i she r  v e r m u t e t  wurde ,  die St t i tzze l len  
schwaeh  auf  Di f fus l i ch t  reagieren,  sonde rn  dass  n n t e r  
b e s t i m m t e n  U m s t g n d e n  die I n h i b i t i o n  st~trker bzw. 
schw/icher  sein kann .  
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D i f f e r e n t  P a t h w a y s  f o r  H e p a t i c  U p t a k e  o f  T a u r o c h o l a t e  a n d  I n d o c y a n i n e  G r e e n  

T r a n s p o r t  across t he  s inusoida l  m e m b r a n e  o f  the  
h e p a t o c y t e  r ep resen t s  t he  f i rs t  and  leas t  well  k n o w n  s tep  
in t he  b i l i a ry  exc re t ion  of m a n y  organic  anions .  S tudies  
on  t he  hepa t i c  h a n d l i n g  of s u l f o b r o m o p h t h a l e i n  in the  
dog* and  of i n d o c y a n i n e  gree in t he  ra t2 ,  ~ i n d i c a t e  t h a t  
t he  h e p a t i c  u p t a k e  of an ion ic  dyes  is d e p e n d e n t  oil a 
s a t u r a b l e  t r a n s p o r t  s y s t e m  obey ing  MICHABLIS-MENTE~V 
kinet ics .  A l t h o u g h  bile acids m a y  be  r ega rded  as t he  m o s t  
i m p o r t a n t  organic  an ions  wh ich  are excre ted  in to  t h e  
bile, t he  m e c h a n i s m s  gove rn ing  t h e i r  r e m o v a l  f rom the  
b lood  are  insuf f ic ien t ly  unde r s tood .  Only  r ecen t ly  i t  has  
been  shown  t h a t  t h e  k ine t ics  of hepa t i c  bile acid u p t a k e  
are  also c o m p a t i b l e  w i t h  c a r r i e r - m e d i a t e d  t r a n s p o r t  4-~. 
I t  is no t  dea r ,  however ,  w h e t h e r  an ion ic  dyes  a n d  bi le  
acids en t e r  t he  h e p a t o c y t e  v ia  one or more  p a t h w a y s .  
Mul t ip le  m e c h a n i s m s  h a v e  been  sugges ted  for t he  b i l i a ry  
excre t ion  of organic  an ions  7. Thus ,  i t  appea r s  poss ible  t h a t  
d i f fe ren t  p a t h w a y s  exis t  for t he  hepa t i c  u p t a k e  of bi le  
acids a n d  an ion ic  dyes.  To t e s t  t h i s  hypo thes i s ,  t he  
k ine t i c  p a r a m e t e r s  of h e p a t i c  u p t a k e  of t a u r o c h o l a t e  a n d  
of i n d o c y a n i n e  green  were c o m p a r e d  in  t h e  per fused  r a t  
l iver,  a n d  i t  was i n v e s t i g a t e d  w h e t h e r  c o m p e t i t i v e  inh ib i -  

t i on  p h e n o m e n a  are p r e sen t  w h e n  b o t h  an ions  are 
adminis terec l  toge the r .  

Materials and methods. Male S P F - r a t s  of t he  Sprague  
Dawley  s t r a i n  weigh ing  344 4- SD 37 g and  m a i n t a i n e d  
on  a s t a n d a r d  r a t  d ie t  (A l t romin  300 R) were used as 
l iver  donors.  The  l iver  we igh t  ave raged  3.4 4- SD 0.3% 
of t he  b o d y  weight .  
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Liver per[usion studies were per formed according to a 
me thod  described previous ly  s. The  l ivers were perfused in 
situ wi th  a perfusa te  consist ing of Krebs-Ringer -b icarbon-  
a te  buffer conta in ing 2 g/100 ml of dried purif ied bovine  
a lbumin  (Behringwerke AG, Marburg /Lahn,  Germany)  
and 20% (v/v) bovine  erythrocytes .  

Dur ing  each of 14 perfusion exper iments ,  3 to 6 doses 
of a 'C-labelled taurochola te  9 (75 to 25000 nmoles),  
indocyanine  green (ICG) lo (60 to 5000 nmoles),  or mix tu res  
of va ry ing  doses of t aurochola te  (75 to 25000 nmoles) 
wi th  a cons tan t  dose of ICG (1000 nmoles), were rap id ly  
injected into the  por ta l  vein. Pr ior  to adminis t ra t ion ,  
each dose of ICG was mixed  wi th  5z Cr-labelled erythro-  
cytes  ( int ravascular  reference substance) and 99Tc~- 
a lbumin  (extravascular  reference substance).  Tauro-  
cholate and mix tu res  of t aurochola te  and ICG were 
injected together  wi th  ~ only, and the  intra-  
and ex t ravascu la r  space of the  l iver  was de te rmined  
separa te ly  a t  the  beginning and at  the  end of each 
perfusion exper iment .  Fol lowing the  in jec t ion  of the  
indicators,  to ta l  hepa t ic  venous  outf low was collected in 
2 sec in tervals  in ta red  tubes  and weighed. 99Tcm-albumin 
and ~4C-taurocholate r ad ioac t i v i t y  were counted  in the  
supernatant ,  the  l a t t e r  af ter  the  99Tern-radioactivity had 
decayed for at  least  10 half-l ife-t imes,  s~Cr-radioactivity 
was assessed in hemolyzed  blood af ter  decay  of the  
~gTcm-radioactivity. ICG was measured  in t he  superna tan t  
by spec t ropho tomet ry  a t  800 rim. 

The  di lut ion curves were analyzed according to 
GORESKY 1,11 to ob ta in  the  ini t ia l ly  avai lable  extra-  
vascular  doses of t aurochola te  and ICG and thei r  ini t ia l  
r emova l  rates f rom the  ex t ravascu la r  space. 

The re la t ionship  be tween  up take  ra te  and dose of 
ex t ravascu la r  avai lable  taurochola te  or ICG was analyzed 
using the  MICHAEL1:S-MEIqTEN equat ion.  The max ima l  
up take  ra te  (Vmax) and the  apparen t  ha l f - sa tura t ion  
cons tan t  (Kin) were calculated non-l inear ly  in a weighted 
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form according to WILKINSON 12. For  the  s ta t is t ical  
comparison of the  t ranspor t  pa ramete r s  obta ined  in 
different  sets of exper iments ,  a l inear  t r ans format ion  of 
the  MICHAELIs-MENTEN equat ion  13 was used and tes ted 
wi th  a modif ica t ion  of S tuden t ' s  t-test ~4. 

Results and discussion. The taurochola te  di lut ion 
curves were always conta ined wi th in  the  a lbumin  curves  
bu t  were reduced in magn i tude  in a dose-dependent  
fashion. This  behaviour  indica ted  tha t  taurochola te  and 
a lbumin  were d is t r ibuted  in equal  spaces and that ,  
depending  on the  dose, a cer ta in  f rac t ion of t aurochola te  
was r emoved  by  the  liver. The equa l i ty  of the  space of 
d is t r ibut ion  of taurochola te  and of a lbumin  could be 
subs tan t ia ted  by the  f inding of a s t ra ight  line when the  
logar i thm of the  rat io  a lbumin  to taurochola te  outf low 
fract ion was p lo t ted  against  t ime.  

Similar  di lut ion curves were ob ta ined  wi th  ICG. Also, 
for this  organic  anion, equa l i ty  of its space of d is t r ibut ion  
wi th  the  a lbumin  space was found. F r o m  the  di lu t ion 
curves, the  ex t ravascu la r  avai lable  dose of t aurochola te  
or ICG and the  respect ive  r emova l  ra tes  of these anions 
could be computed  according to GORESKY 1,11. 

The ini t ial  up take  ra te  of both taurochola te  (Figure, top) 
and ICG (Figure, bot tom)  increased wi th  the  extra-  
vascular  dose in a non-l inear  fashion exhibi t ing  sa tura t ion  
kinetics.  Analysis  of these da ta  revealed compat ib i l i ty  
wi th  MICHAELIS-MENTt~N kinet ics  for b o t h  anions. These 
findings are in agreement  wi th  previous  studies of ICG 
up take  in the  ra t  e, 8 employ ing  a different  methodology,  
and wi th  a recent  repor t  on the kinet ics  of t aurochola te  
up take  in the  dog ~. I t  is no t ewor thy  t h a t  the  m a x i m a l  
up take  capac i ty  (Vm~) of taurocholate ,  the  major  bile 
salt  in the  rat ,  (32.5 • SD 1.4 nmol/s.g liver) exceeded 
the  Vm~z of the  anionic dye ICG (3.8 4- SD 0.5 nmol/s .g  
liver) app rox ima te ly  by  a factor  of 9. This  difference is 
much  smaller  t han  t h a t  be tween  the  s teady s ta te  excre tory  
t ranspor t  m a x i m a  (Tm) of t aurochola te  (1310 nmol /min-  
100 g body  weight)1~ and ICG (20 nmol/min.100 g body 
weight) 16 observed in the  in tac t  rat.  

The  apparen t  ha l f - sa tura t ion  honstants  (Kin) for t he  
hepat ic  up take  of t aurochola te  and ICG were 90.6 • SD 
10.6 and 50.0 4- SD 15.1 nmol /g  liver, respect ively.  

To inves t iga te  whether  t aurochola te  and ICG compete  
for a common  receptor  or  carr ier  of the  hepatocyte ,  
t aurochola te  up take  was s tudied in the  presence of ICG. 
No signif icant  influence of ICG on taurochola te  up take  
could be de tec ted  when 1000 nmoles ICG (a dose being 
removed  at  a ra te  corresponding to Vmaz/2) were injected 
together  wi th  va ry ing  doses of taurocholate .  No significant  
difference was found when the  t ranspor t  parameters  
Vm~ and K m  obta ined  for t aurochola te  up take  in the  
presence and in the  absence of ICG were compared,  
using the  l inear  t r ans fo rmat ion  of the  MICHAXLIS- 
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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.  
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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  

f 
/ 
t 
J 
i 
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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