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and  5 ra t s  w i th  a u n i n e p h r e c t o m y  t h a t  did n o t  have  
ca rc inomas  of t he  k idney.  

Seven of 16 in t ac t  ra t s  also developed carc inomas  of the  
l iver;  however ,  t he  ra t s  w i th  renal  carc inomas  e i ther  did 
no t  have  hepa t i c  carc inomas  or t he  carc inomas  were less 
t h a n  5 m m  in size. The incidence of carc inomas  of t he  
liver was  grea te r  in t he  ra t s  w i th  a u n i n e p h r e c t o m y  (13 
of 17) and  the  carc inomas  were  large 1~. 
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Discussion. Buffalo s t ra in  inbred  male  ra t s  are more  
suscept ible  to  hyperp las ia  and carc inomas  of the  k idney  
induced  by  4 ' -F -4BAA s, 9. Other  s tudies  concerning the  
influence of endogenous  or exogenous factors  on these  
renal  lesions have  no t  been  done. 

Rena l  t u m o r s  t h a t  occur in the  in tac t  male  golden 
h a m s t e r  given s.c. s t i lbestrol  are inh ib i ted  by  androgen  la. 
S t i lbes i ro l - t rea ted  hams te r s  w i th  a u n i n e p h r e c t o m y  
develop renal  t umors  much  earlier t h a n  the  t r e a t ed  in tac t  
animals  1~. I t  was pos tu la t ed  t h a t  s t i lbes t rol  m a y  no t  be 
metabol ized  b y  the  l iver of t he  hams te r ,  t hus  account ing  
for t he  fact  t h a t  t he  hamste r ,  and  no t  o ther  species, have  
s t i lbes t ro l - induced renal  tumors .  

4 ' -F -4BAA is metabo l ized  b y  the  ra t  l iver and  the  
metabo l i t es  are excre ted  by  the  kidneys.  Animals  w i t h  
one k idney  appa ren t l y  were no t  able to  secrete  t he  me t ab -  
olites of 4 ' -F -4BAA as readi ly  as ra t s  w i th  b o t h  k idneys  
intact .  The metabo l i t es  were  r e tu rned  to  and  ac ted  upon 
the  l iver and  increased the  incidence of hepa t ic  carcino- 
mas  15. 

I t  is no t  known  w h e t h e r 4 ' - F -  4BAA or some metabo l i t e  
causes ca rc inoma of the  k idney  or w h y  there  was a 
decreased incidence of renal  carc inomas  in ra ts  wi th  a 
uni la tera l  neph rec tomy .  
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The most advanced lesion in a given animal is indicated. Number 
above each black bar is the total number of animals developing such 
lesions. 'Total carcinomas' indicates total number of animals in the 
group, with .the shaded area representing the number with carcino- 
mas. 
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S p i n a l  Cord  
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Sumn~ary. Autorad iograph ic  inves t iga t ions  on the  up t ak e  of L-g lu tamate  and  L-aspar ta te  have  shown t h a t  t he  amino  
acids were t a k e n  up b y  neurones  as well as by  glial ceils of cul tured  h u m a n  and  r a t  spinal  cord. The ac t iv i ty  of gluta-  
m a t e  and  a spa r t a t e  var ied  cons iderably  be tween  individual  neurones ,  whereas  glial ceils showed a more  even dis t r ibu-  
t ion  of t he  labelled amino  acids. Our resul ts  suggest  t h a t  b o t h  neurones  and  glial cells a re  involved in the  up take  of 
amino  acid t r ansmi t t e r s .  

Inves t iga t ions  on the  regional  d i s t r ibu t ion  of L- 
g lu t ama te  and  L-aspar ta te  in the  ca t  spinal  cord have  
shown t h a t  t he  g lu t ama te  concen t ra t ions  were h ighes t  in 
the  dorsal  grey  and  in t he  p rox imal  p a r t  of t h e  dorsal  
roots  whereas  a spa r t a t e  levels were h ighes t  in the  ven t ra l  
grey 1-a. I t  has  been  observed  by  electrophysiological  
s tudies  t h a t  g lu t ama te  and a spa r t a t e  depolarize spinal  
neurones  (for ref. see 4) and t h a t  th is  depolar iza t ion  is 
associa ted  w i t h  an increase in sod ium permeabi l i ty~  7. 
F r o m  these  resul ts  i t  has  been sugges ted  t h a t  b o t h  amino 
acids m a y  func t ion  as exc i t a to ry  t r a n s m i t t e r s  in t he  spinal  
cord, g l u t a m a t e  being released b y  p r i m a r y  af ferent  fi- 
bres  1,z,8 and  a spa r t a t e  being associated wi th  in terneu-  
tones  3. 

I t  has  been  p roposed  t h a t  up take  m a y  be an i m p o r t a n t  
mechan i sm for t e rmina t i ng  the  act ion of t r a n s m i t t e r  
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Fig. 1. Autorad iographs  of the  
u p t a k e  of amino acid t r ansmi t t e r s  
in  sp ina l  cord cultures.  A) H u m a n  
sp ina l  neurones  (fetus 9 weeks in  
utero,  14 days  in  vitro) af ter  in- 
cuba t ion  wi th  8H-glycine (10 -~ M 
for 30 sec). Unlabet led  cells are 
m a r k e d  wi th  as te r ix  (*). Ba r :  
20 ~m. 

B) and  C). Ra t  sp ina lco rd  cultures,  
(18 days  in  vi tro)  af ter  incuba t ion  
wi th  L-SH-glutamic acid (B) and  
L-~H-aspartic ac id  (C) (10 -6 M for 
5 rain).  Some neurones  show a 
h e a v y  accumula t ion  of s i lver  gra ins  
over  the cell  bodies and  processes; 
o ther  neurones  (*) are a lmos t  free 
of label .  Ba r :  30 [xm. 
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substances such as monoamines and amino acids 9,1~ 
I n v e s t i g a t i o n s  o n  u p t a k e  k i n e t i c s  h a v e  r e v e a l e d  t h a t  
in  t h e  s p i n a l  co rd ,  g l u t a m a t e  a n d  a s p a r t a t e  a r e  t a k e n  u p  
b y  a h i g h  a f f i n i t y  t r a n s p o r t  s y s t e m a ,  TM 12. S ince  t h e r e  is 
o n l y  l i t t l e  i n f o r m a t i o n  o n  t h e  ce l lu l a r  l o c a l i z a t i o n  of  t h e  
u p t a k e  of g l u t a m a t e  a n d  a s p a r t a t e  in  t h e  m a m m a l i a n  
s p i n a l  co rd ,  we  h a v e  u s e d  t h e  t e c h n i q u e  of  t i s s u e  cu l -  
t u r e  1~-1. t o  s t u d y  t h e  u p t a k e  p a t t e r n  of t h e s e  a m i n o  
a c i d s  in  c u l t u r e d  h u m a n  a n d  r a t  s p i n a l  co rd  b y  a u t o -  
r a d i o g r a p h y .  

T h e  c u l t u r e s  w e r e  p r e p a r e d  f r o m  l u m b a r  a n d  s a c r a l  
s e g m e n t s  o f  s p i n a l  c o r d  of h u m a n  f e t u s e s  (8 -11  w e e k s  in 
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Fig. 2. A) Human  spinal cord culture (fetus 9 weeks in utero, 18 days in vitro) after incubation with L-6H-glutamic acid (10 -6 M for 5 rain). 
Labelled neurones and glial cells are found in the dense zones of the culture as well as in the outgrowth zones, expl. = explant. Bar: 200 tzm. 

B) Labelled glial cells forming a network in the outgrowth zone of a human  spinal cord culture (fetus 9 weeks in utero, 18 days in vitro) 
after incubation with z-6H-glutamic acid (10 -6 M for 10 min). Bar: 50 fzm. 

C) Dark field illumination of intensely labelled astrocytes of a rat spinal cord culture (28 days in vitro) after incubation with z-3H-glutamic 
acid (10 -6 M for 5 min). Bar: 30 fxm. 

D} Astrocyte showing a strong accumulation of L-6H-aspartie acid (10 .6 M for 10 min). Rat  spinal cord culture, 28 days in vitro. Bar: 20 Ezm. 
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utero) ,  of r a t  fe tuses  (18 days  in utero)  and  of n e w b o r n  
rats .  E x p l a n t s  were g rown on col lagen-coated  eoversl ips 
in t he  M a x i m o v  assembl ies  (for de ta i l s  see16). Fo r  t he  
a u t o r a d i o g r a p h i c  s tud ies  t he  cu l tu res  were r insed  in 
Tyrode  so lu t ion  and  i n c u b a t e d  in H a n k ' s  so lu t ion  con-  
t a i n i n g  e i t he r  L-3H-glutamic acid (New E n g l a n d  Nuc lea r  
Corp. (NEN),  specific ac t iv i ty ,  20.4 Ci /mM) or  L-aH- 
aspa r t i c  acid (NEN),  specific ac t iv i ty ,  23.66 Ci /mM).  The  
c o n c e n t r a t i o n  of t h e  amino  acids va r i ed  be tween  10 -7 to  
10 -6 M.  The  i n c u b a t i o n  t ime  r a n g e d  f rom 30 sec to 10 rain.  
Af te r  t he  incuba t ion ,  t he  cu l tu res  were r insed  in Tyrode  
solut ion,  f ixed w i t h  3% g l u t a r a l d e h y d e  in 0. t  M phos-  
p h a t e  buf fe r  (pH 7.3), d e h y d r a t e d ,  a i r -dr ied  and  m o u n t e d  
on ob jec t  slides. The  dr ied  cu l tu res  were covered  w i t h  
I l Iord  L4 emuls ion  (Ilford Ltd. ,  E s s ex / E ng l and )  b y  means  
of the  loop t e c h n i q u e  descr ibed  b y  JENI~INS x7 and  s tored  
in l i gh t - t i gh t  boxes  for 2 weeks a t  4~ The  au to rad io -  
g r ams  were deve loped  w i t h  K o d a k  D 19b and  fixed in 
30% sod ium th iosu lpha te .  O bs e r va t i ons  of t he  au to ra -  
d iograms  were m a d e  w i t h  a Wi ld -ep i - i l l umina t ion  
microscope.  

The  o u t g r o w t h  p a t t e r n  and  t he  morpho log ica l  ap-  
pea rance  of t he  var ious  cell t ypes  of h u m a n  and  r a t  sp ina l  
cord  cu l tu res  h a v e  been  descr ibed  p rev ious ly  ~6. Af te r  
i n c u b a t i o n  of the  cu l tu res  w i t h  L-g lu t ama te  or L-aspar ta te ,  
a g rea t  n u m b e r  of neu rones  a n d  glial  ceils revea led  a 
s t rong  a c c u m u l a t i o n  of t h e  amino  acids. Neu rones  show- 
ing an  in tense  a u t o r a d i o g r a p h i c  r eac t ion  were m a i n l y  
located  in t he  dense  zones of t he  cu l tu res  a l t h o u g h  a few 
label led neu rones  were also found  in t he  o u t g r o w t h  zones 
(Figure  2A). The  a c t i v i t y  of label led  amino  acids va r i ed  
cons ide rab ly  be tween  ind iv idua l  neurones  ; some neu rones  
were comple t e ly  free of an  a u t o r a d i o g r a p h i c  reac t ion .  
F igure  1 i l lus t ra tes  examples  of a u t o r a d i o g r a p h s  of t he  
u p t a k e  oI g l u t a m a t e  (B) and  a s p a r t a t e  (C) in to  neu rones  
of r a t  sp ina l  cord  cul tures .  T he  cell bodies  and  processes 
of some neu rones  show a h e a v y  a c c u m u l a t i o n  of s i lver  
gra ins  whereas  o the r  neu rones  (*) seem to  be free of label.  
S imi lar  resul t s  h a v e  also been  o b t a i n e d  a f te r  i n c u b a t i o n  
w i t h  glycine (Figure 1A) a n d  G A B A  (not  i l lus t ra ted)  
us ing  l igh t  a n d  e lec t ron  microscopic  a u t o r a d i o g r a p h y  la, 1~. 

G l u t a m a t e  and  a s p a r t a t e  were found  to  be a c c u m u l a t e d  
b y  large as well  as b y  smal l  neurones .  In  our  s tud ies  i t  is 
n o t  possible  to  d e t e r m i n e  w h e t h e r  these  amino  acids are 
t a k e n  up  b y  the  same or b y  a sepa ra te  neu r one  popu la t ion .  
I t  h a s  been  sugges ted  t h a t  amino  acid t r a n s m i t t e r s  are 
m a i n l y  t a k e n  up  b y  those  neu rones  ut i l iz ing or syn thes i -  
zing these  subs t ances  ~s-2"~ The  differences  in u p t a k e  
p a t t e r n  migh t ,  however ,  also d e p e n d  on  t he  func t iona l  
s t a t e  of t h e  i nd iv idua l  neurone .  

A s p a r t a t e  and  g l u t a m a t e  were also found  to  be  ac- 
c u m u l a t e d  to a g rea t  e x t e n t  b y  glial  cells. I n  c o n t r a s t  to  
t he  u p t a k e  p a t t e r n  in to  I leurones where  a g rea t  va r i a -  
b i l i t y  b e t w e e n  t h e  i nd iv idua l  cells was  observed ,  a lmos t  
al l  gl ia l  e l emen t s  h a v e  a c c u m u l a t e d  t h e  a m i n o  acids. 
F igure  2 B shows label led  glial  cells in t he  o u t g r o w t h  zone 
of a h u m a n  sp ina l  cord  cu l tu re  a f t e r  i n c u b a t i o n  w i t h  
L-aH-glutamic acid. S t rong  a c c u m u l a t i o n  of g l u t a m a t e  
a n d  a s p a r t a t e  in to  p r o t op l a s m i c  a s t rocy tes  of r a t  and  
h u m a n  sp ina l  cord cu l tu res  is i l l u s t r a t ed  in F igures  2C 
a n d  D respect ively .  Similar  obse rva t ions  were also m a d e  
in b r a i n  s t e m  a n d  cerebel lar  cu l tu res  (unpub l i shed  
observa t ions ) .  I n  c o n t r a s t  to  t he  amino  acid t r a n s m i t t e r s ,  
u p t a k e  in to  glial  cells was no t  obse rved  a f t e r  i n c u b a t i o n  
w i t h  m o n o a m i n e s  a4. 

Us ing  i n c u b a t i o n  t imes  be t w een  30 sec and  5 ra in  i t  
a p p e a r e d  t h a t  neu rones  showed a s t ronger  au to rad io -  
g raph ic  r eac t ion  t h a n  glial  cells whereas  a f t e r  10 mil l  
i n c u b a t i o n  t ime,  i t  seemed to  be  no  dif ference in t h e  
i n t e n s i t y  of l abe l l ing  be t w een  neurones  and  glial  cells. A 

s imi lar  u p t a k e  p a t t e r n  was observed  a f t e r  i n c u b a t i o n  w i t h  
glyeine and  G A B A  13,1~,16. These  obse rva t i ons  sugges t  
t h a t  the re  m i g h t  be d i f fe ren t  t r a n s p o r t  sys t ems  for  t h e  
amino  acids in neu rones  and  in glial  ceils 20. 

The  u p t a k e  of t he  amino  acids was t e m p e r a t u r e -  
d e p e n d e n t  be ing  cons ide rab ly  r educed  a f t e r  i n c u b a t i o n  
a t  0~ i n  c o n t r a s t  to  our  s tud ies  w i t h  glycine a n d  
G A B A  15,1", r e m o v a l  of sod ium ions f rom the  i n c u b a t i o n  
m e d i u m  seemed to af fec t  t he  u p t a k e  of g l u t a m a t e  a n d  
a s p a r t a t e  on ly  modera te ly .  P r e l i m i n a r y  e x p e r i m e n t s  
us ing  perch lor ic  acid e x t r a c t i o n  h a v e  s h o w n  t h a t  a f te r  
i n c u b a t i o n  w i t h  L-3H-glutamic acid (10 -s M for 15 miu) ,  
a b o u t  13% of t h e  isotopes  were  associa ted  w i t h  acid 
insoluble  m a t e r i a l  sugges t ing  t h a t  p r o t e i n b o u n d  g lu ta -  
m a t e  c o n t r i b u t e s  on ly  to  a smal l  e x t e n t  to  t h e  au to rad io -  
g raph ic  r eac t ion  21. I n  t he  p r e sen t  s t u d y  we h a v e  n o t  in- 
ve s t i ga t ed  t he  r a t e  of m e t a b o l i s m  of g l u t a m a t e  and  
aspa r t a t e .  I t  has,  however ,  been  descr ibed  t h a t  in slices 
of t he  ca t  sp ina l  cord, more  t h a n  90% of t h e  r a d i o a c t i v i t y  
r e m a i n e d  assoc ia ted  w i t h  t he  or ig ina l  label led  g l u t a m a t e  
a n d  a s p a r t a t e  a f te r  a n  i n c u b a t i o n  t i m e  of 5 m in  a t  25 ~ n.  

Our  resu l t s  d e m o n s t r a t e  t h a t  g l u t a m a t e  a n d  a s p a r t a t e  
are t a k e n  up  b y  neurones  as well  as b y  glial  cells of cul- 
t u r e d  h u m a n  a n d  r a t  sp ina l  cord. U p t a k e  of g l u t a m a t e  
has  also been  descr ibed  in B e r g m a n  glia of ce rebe l lum as, 
in  Mtiller cells of t he  r e t i n a  2S, in sa te l l i te  cells of r a t  
sensory  gangl ia  ~ a n d  of t h e  pe r iphe ra l  n e u r o m u s c u l a r  
j unc t i on  of insects  ~s. I n v e s t i g a t i o n s  b y  HAMBERGER 2s 
on  t h e  u p t a k e  of g l u t a m a t e  b y  h o m o g e n a t e s  of CNS 
t issue h a v e  shown  t h a t  t he  amino  acid is t a k e n  up  a t  a 
h igher  r a t e  b y  the  glial  f r ac t ion  tl{an b y  t he  n e u r o n a l  
f ract ion.  F r o m  these  f indings  i t  is sugges ted  t h a t  gl ial  
cells m i g h t  also be  invo lved  in t h e  u p t a k e  of a m i n o  acid 
t r a n s m i t t e r s  a n d  t h a t  t h e  t r a n s p o r t  sys t ems  m i g h t  be 
d i f fe rent  for  neu rones  a n d  for glial  cells. 
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