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S p i n a l  Cord  T i s s u e  C u l t u r e s  - a M o d e l  for  A u t o r a d i o g r a p h i c  S t u d i e s  o n  U p t a k e  of  P u t a t i v e  N e u r o -  
t r a n s m i t t e r s  s u c h  as  G l y c i n e  a n d  G A B A  

The cellular and fine s t ruc tura l  local izat ion of the  
p u t a t i v e  neu ro t r ansmi t t e r s  glycine and y -aminobutyr ic  
acid (GABA) have  recen t ly  been s tudied  wi th  autoradio-  
graphic  techniques  ~-x0. Since these  subs tances  do not  pass  
t he  blood bra in  barrier ,  t he  labelied amino  acids were 
admin i s t e red  e i ther  in vi t ro  to bra in  slices ~-3, s-7, 9 or by  
in t raven t r i cu la r  s or d i rect  in t racerebra l  4 inject ions.  All 
these  techniques  are associa ted wi th  cer ta in  d i sadvantages .  
Thus,  incuba ted  bra in  slices show an inferior morphology,  
especially when  examined  in t he  electron microscope 
(for ref. seel l ) .  Fu r the rmore ,  the  up take  p a t t e r n s  reveal  
r emarkab le  diffusion gradients  of the  isotopes wi th in  the  
slices ~-3, 5. 

Tissues cuIture techniques  10,1~ offer unique possibil i t ies 
to avoid  these  problems.  In  the  p resen t  pape r  we should 
like to p resen t  some p re l imina ry  resul ts  on the  localization 
of (SH)-glycine and (*H)-GABA in ra t  spinal  cord cul tures  
as revealed wi th  au to rad iog raphy  at  the  l ight  and electron 
microscopic  level. 

Material and methods. The cul tures  were p repa red  f rom 
the  spinal  cord of new-born  Wis t a r  ra ts  and grown on 
col lodion-col lagen-coated a* or col lagen-coated coversl ips 
for 15-26 days  in vi t ro  in the  Max imov  assembly  xe,~. 
Af ter  a brief r inse in Tyrode  solution,  t he  cul tures  were 
i ncuba ted  a t  37 ~ in HIank's solut ion conta in ing  (aH)- 
glycine or (~H)-GABA (5 • 10 -~ to 10 ~M; specific ac t iv i ty  
4.7 C / m M  and 5.6 C / m M ,  respec t ive ly ;  New Eng land  
Nuclear  Corp.) for 5 to 15 rain. The cul tures were t h e n  
r insed 3 t imes  in Tyrode  solution,  f ixed in 1.5 to 3% 
g lu ta ra ldehyde  in 0 .05 -0 .1M p h o s p h a t e  buffer.  At  th is  
s tage the  cul tures were sent  by  air f rom Basle, Swi tzer land 
to Stockholm,  Sweden.  Af ter  r emain ing  app rox ima t e l y  
24-48 h in t he  a ldehyde,  the  cul tures  were r insed in 0.1 M 
p h o s p h a t e  buffer,  r emoved  f rom the  coverslips,  pos t f ixed  
in 1% osmium te t roxide ,  r insed in Ringer  solution,  
d e h y d r a t e d  in e thanol  and  e m b e d d e d  in E p o n  ~. Semi th in  
sect ions - cut  on an L K B  P y r a m i t o m e  or L t ( B  Ul t ro tome  
and m o u n t e d  on objec t ive  glass slides - and u l t r a th in  
sect ions - cut  on a Re icher t  Om U3 u l t ramicro tome,  
con t ra s t ed  wi th  uranyl  ace ta te  and l ead  c i t ra te  ~ and  
coated  wi th  carbon - were covered wi th  I lford L4 emuls ion 
(Ilford Ltd ,  Essex,  England)  according to  the  loop 
t echn iques  ~-t~ and exposed at  + 4 ~  for 2-12 weeks. 
D e v e l o p m e n t  wi th  K o d a k  D 19 b (light microscopy) and an 
amidol  developer  (electron microscopy) was  followed by  

f ixa t ion  wi th  25% sodium th iosu lphate .  The autoradio-  
graphs  were examined  in a Lei tz  Or thop lan  l ight  micro- 
scope and a Phi l ips  300 electron microscope.  

Results and discussion. The ou tg rowth  of t he  spinal  
cord cul tures  as seen in t he  l ight  and  e lec t ron microscope  
was similar  to  t h a t  descr ibed in an earl ier  pape r  a0. Af ter  
incuba t ion  wi th  e i ther  (3H)-glycine or (aH)-GABA specific 
up take  p a t t e r n s  were observed.  The two amino  acids were 
t aken  up b o t h  in neurones  and in glial cells (Figures 1-3). 
The labelled cells were mos t ly  found t h r o u g h o u t  the  
ent i re  sect ion (Figure 1), ind ica t ing  a good pene t r a t i on  of 
the  amino  acids. A r emarkab ly  high ac t iv i ty  was also 
found over  t he  neur i t i c -meningea l  ou tg rowth  zone 
(Figure 1). Af ter  incuba t ion  wi th  (aH)-glycine a re la t ive ly  
large n u m b e r  of neurones  of va ry ing  size showed an auto-  
rad iographic  react ion,  whereas  af ter  incuba t ion  wi th  
(aI-t)-GABA main ly  Small neurones  were covered by  
grains.  However ,  there  was a r a the r  h igh  p ropor t ion  of 
neurones  which were covered only  by  a few or no grains 
af ter  incuba t ion  wi th  (aH)-glycine or (aH)-GABA (Figures 
2 and  3). As was observed in cul tures of r a t  medul la  
ob longa ta  ~0, the  i n t ens i ty  of labell ing was d e p e n d e n t  on 
the  concerffrat ion and t ime  of incubat ion.  

The p re sen t  resul ts  d e m o n s t r a t e  t h a t  t issue cul tures  
provide a suitable model for autoradiographic studies on 
the cellular and subcellular localization of the uptake of 
putative neurotransmitters such as glycine ~,~ and 
GABA23-2L In contrast, for instance to incubated brain 
slices, the cellular components of the explant show a good 
preservation of general morphology. Furthermore, the 
occurrence of labelled cells throughout the explant indi- 
cate a good penetration of the isotope. 

In the present study no attempts were made to deter- 
mine to what extent the isotopes responsible for the auto- 
rad iographic  reac t ion  ref lect  the  unchanged  amino  acid 
or a metabol i te .  However ,  f rom studies  on the  up take  of 
(aH)-GABA ~s or (aHI)-glycine ~9, a0 in bra in  slices, as well as 
of the  up take  of (aH)-GABA in in t ac t  bra in  s,a~, it  was 
shown t h a t  t he  metabo l i t e s  fo rmed are rap id ly  r emo v ed  
f rom the  tissues. Therefore,  mos t  of the  au to rad iograph ic  
reac t ion  is due to  the  local izat ion of the  isotopes used. 

Li t t le  is known  abou t  t he  c o m p a r t m e n t a l i z a t i o n  of the  
exogenously  admin i s t e red  amino  acids. I t  has  been shown 
t h a t  bo th  glycine a~ and GABA 2s are incorpora ted  into 
pro te ins  oniy  to a ve ry  l imi ted  e x t e n t  unde r  in v i t ro  
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Fig. 1. Light microscopic autoradiograpb of rat spinal cord culture (26 days {n vitro) incubated with (3H)-GABA (10 ~M, 5 rain). Many 
cells (long arrow) in the explant are covered by grains. Note the heavy accumulation over the neuritic-meningeal outgrowth zone 
(short arrows). • 160. Fig. 2. Light microscopic autoradiograph, same tissue and treatment as in Figure 1. Several cell bodies are heavily lab- 
elled (arrows) whereas the majority of cells (asterisks) are covered only by few grains. • 640. Fig. 3. Electron microscopic autoradiograph of rat 
spinal cord culture (26 days in vitro) incubated with (3H)-glycine (5 • 10-6M, 15 rain). Parts of 2 neurones are seen, arrow indicating cell 
border. The upper ceil is covered by many grains, whereas the lower one is almost completely free of label, x 17,000. 
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condi t ions .  I n  p r e l i m i n a r y  e x p e r i m e n t s  us ing  perchlor ic  
acid e x t r a c t i o n  3e, a b o u t  6% of t he  isotope was assoc ia ted  
w i t h  acid inso luble  m a t e r i a l  in cu l tu res  i n c u b a t e d  w i t h  
(aH(-glycine (10-~M, 15 min).  I t  is the re fo re  possible  t h a t  
p r o t e i n - b o u n d  glycine m a y  c o n t r i b u t e  to  t he  au to rad io -  
g raph ic  p a t t e r n ,  a l t h o u g h  on ly  to  a l imi ted  ex ten t .  

I t  has  p rev ious ly  been  specu la ted  t h a t  t he  u p t a k e  of 
G A B A  a n d  glycine as revea led  in a u t o r a d i o g r a p h i c  
s tudies  m a y  occur  in those  neu rones  u t i l iz ing  these  a m i n o  
acids as neu ro t r ansmi t t e r s ~ - % A l t h o u g h  t he  n e u r o n a l  
u p t a k e  of these  a m i n o  acids c lear ly  occurs  on ly  in a 
l in l i t ed  n u m b e r  of neurones  of t he  e x p l a n t  - i n d i c a t i n g  
specif ic i ty  of t h e  u p t a k e  m e c h a n i s m s  - i t  is a t  p r e s en t  no t  
possible  to  decide w h e t h e r  glycine and  G A B A  are t a k e n  
up  in t he  same  or in s epa ra t e  neu r one  popula t ions .  The  
s tud ies  of IVERSEN a n d  BI~oo~ ~ on  sp ina l  cord homo-  
genates ,  however ,  show t h a t  t he  two  a m i n o  acids are 
se lect ively  t a k e n  up  in s epa ra t e  ne rve  endings.  These  d a t a  
would t h u s  f avour  t h e  v iew of two sp ina l  cord neu rone  
popula t ions ,  each  cha rac t e r i zed  b y  a d i f fe ren t  i n h i b i t o r y  
amino  acid t r a n s m i t t e r .  These  two neu rone  popu la t i ons  
could t h u s  r ep re sen t  t he  morpho log ica l  cor re la te  to  sp ina l  
i n h i b i t o r y  neurones  p o s t u l a t e d  in neurophys io log ica l  
s tud ies  a~, 2~, ~, ~.  

U p t a k e  of amino  acid n e u r o t r a n s m i t t e r s  in to  glial  cells 
ha s  p rev ious ly  b e e n  d e m o n s t r a t e d  w i t h  au to rad io -  
g r a p h y  a, ~, ~, ~0, sa, ~,  a n d  i t  is also e v i d e n t  f rom t he  p r e sen t  
results .  Tile in t ense  labe l l ing  of gl ial  cells m a y  ind ica te  a n  
eff ic ient  u p t a k e  m e c h a n i s m ,  wh ich  could be  of phys io l -  
ogical i m p o r t a n c e  for t he  t r a n s m i t t e r  inac t iva t ion*% 

Zusammen/assung. A u t o r a d i o g r a p h i s c h e  U n t e r s u c h u n -  
gen h a b e n  gezeigt,  dass  3H-Glycin und  ~H-GABA in 
ku l t iv i e r t e  Neu rone  ulld Gliazel len des R f i c k e n m a r k s  
der  R a t t e  a u f g e n o m m e n  werden.  Aus unse ren  l icht-  u n d  
e l ek t ronenmik roskop i s chen  B e f u n d e n  geh t  hervor ,  dass  
die N e r v e n g e w e b s k u l t u r  ein geeignetes  Ver suchsmode l l  
ffir A u f n a h m e  und  zellul/ire Loka l i s a t i on  yon  i3bertr~iger- 
s u b s t a n z e n  ist. 
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Zur Fe instruktur  friiher Veri inderungen an Rat tenh irngewebe  nach Injektion von Methy ln i troso -  

harnstoff  

B e s t i m m t e  N - N i t r o s o v e r b i n d u n g e n  erzeugen n a c h  Un-  
t e r s u c h u n g e n  yon  DRUCKREY et  al. ~, 2 und  JXNISCH et  al. 3 
bei  wiederho l t e r  A p p l i k a t i o n  T u m o r e n  des Z e n t r a l n e r v e n -  
sys t ems  yon  Versuchs t ie ren .  Obwoh l  umfangre i che  U n t e r -  
s u c h u n g e n  an  solchen e x p e r i m e n t e l l e n  Geschwfi ls ten  vor-  
liegen, wurde  b i she r  noch  n i c h t  f iber p r / i b l a s toma t6se  
Ver~Lnderungen a m  Geh i rn  n a c h  E i n w i r k u n g  n e u r o t r o p e r  
R e s o r p t i v k a n z e r o g e n e  be r i ch te t .  D e g e n e r a t i v e  Ver~nde-  
r u n g e n  an  pe r ivasku l~ ren  Zellen u n d  a n  Gliazellen,  die 
i n n e r h a l b  24 h n a c h  A p p l i k a t i o n e n  e iner  e inmal igen  h o h e n  
Dosis  A t h y l n i t r o s o h a r n s t o f f  au f t r a t en ,  b e o b a c h t e t e  LAN- 
�9 OS ~. W i r  h a b e n  m i t  t l i l f e  e iner  gee igne ten  Pr~tparat ions-  
m e t h o d e  VerXnderungen  a n  R a t t e n g e h i r n e n  n a c h  wieder-  
ho l i e r  A p p l i k a t i o n  von  M e t h y l n i t r o s o h a r n s t o f f  (MNH) 
u n t e r s u c h t  und  b e r i c h t e n  f iber ers te  Ergebnisse .  

Material und 21/fethode. 130-150 g schweren  W i s t a r r a t -  
t en  w u r d e n  in  4w6chigem A b s t a n d  30 m g / k g  K6rperge-  
w ich t  M N H  i.p. inj iz ier t .  12 Tage n a c h  der  e r s t en  In j ek -  
t i on  sowie 8 u n d  14 Tage n a c h  der  zwei ten  I n j e k t i o n  
Pe r fus ions f ixa t ion  des Gehirns ,  E i n b e t t u n g  yon  drei  ca. 
2 m m  d icken  F r o n t a l s c h e i b e n  des ganzen  Geh i rns  je Ver-  
suchs t i e r  in  Epon ,  d re id imens iona le  Zielpr~tparat ion m i t  
A n f e r t i g u n g  v o n  l i c h t m i k r o s k o p i s c h e n  l~bers ich t sschn i t -  
ten,  S e m i d f i n n s c h n i t t e n  u n d  U l t r a d f i n n s c h n i t t e n  (DIETZ 
und WIEGAND'5). 

Be/unde. 12 Tage n a c h  der  e r s ten  I n j e k t i o n  sowie 8 u n d  
14 Tage  n a c h  der  zwei ten  I n j e k t i o n  yon  M N H  l i n d e n  sich 
l i ch tmik roskop i s ch  e r k e n n b a r e  pe r ivasku lg re  Zel.lproli- 
f e r a t i onen  (Figur  1, Inset ) .  Geh i rne  yon  Kon t ro l l t i e ren ,  
die n a c h  der  gle ichen Methode  p r ~ p a r i e r t  wurden ,  zeigen 
ke ine  d e r a r t i g e n  Ver~nde rungen .  E l e k t r o n e n m i k r o s k o -  
p i sch  lassen sich die p ro l i fe r ie renden  Zellen als A d v e n t i -  
t iaze l len  k le iner  Gef/~sse iden t i f iz ie ren  (Figur  1). Sie s ind 

gegen die Gef~ssendothe l ien  d u r c h  eine B a s a l m e m b r a n  
abgegrenz t .  Der  pe r ivasku l~re  R a u m  ist  e rwe i t e r t  u n d  in 
der  ganzen  Z i rkumfe renz  der  Gefiisse yon  pro l i fe r ie renden  
A d v e n t i t i a z e l l e n  ausgeffill t .  D u r c h  eine zwei te  ~tussere 
B a s a l m e m b r a n  wird  er gegen die e rheb l i ch  geschwol lenen 
per ivasku l / i ren  Astrozytenfor ts~t tze  begrenz t .  Bei  den  n a c h  
der  zwei ten  I n j e k t i o n  u n t e r s u c h t e n  T ie ren  l i n d e n  s ich 
Lf icken in dieser  ~usseren B a s a l m e m b r a n  (Figur  2). Ad-  
ven t i t i aze l l en ,  welche  o f fenbar  d u t c h  solche B a s a l m e m -  
b ran l f i cken  in  den  t3ereich des H i rngewebes  gelangen,  
zeigen die gleiche P ro l i f e r a t i ons t endenz  wie die Zellen im 
perivaskul~iren R a u m .  Sic b r e i t e n  s ich u n t e r  V e r d r ~ n g u n g  
der  H i r n g e w e b s s t r u k t u r e n  k o n z e n t r i s c h  u m  die Gef~Lsse 
aus, bes i t zen  a b e t  ke ine  insbesondere  gegen das  Neurop i l  
abg renzende  B a s a l m e m b r a n  mehr .  Der  G r u n d c h a r a k t e r  
der  Zel len im perivaskul~tren R a u m  u n d  in  der  Pe r iphe r i e  
der  P ro l i f e ra t ionshe rde  u n t e r s c h e i d e t  s ich n ich t .  Von  E in -  
zelzelle zu Einzelzel le  f inden  sich j edoch  betr~tcht l iche 
V a r i a t i o n e n  des Organe l lengeha l tes  des Zy top lasmas .  Die  
Mehrzah l  der  Zel len m i t  l angges t reck ten ,  v ie l fach  un te r -  
e inande r  v e r s c h l u n g e n e n  Forts~t tzen enth~tl t  wenig  RE1R 
u n d  R i b o s o m e n  und  ge legent l ich  feine i n t r a z y t o p l a s m a -  
t i sche  F i l amen te .  W e i t e r h i n  f inder  m a n  Zellen m i t  e inem 
ausse ro rden t l i ch  h o h e n  R ibosomengeha l t ,  ande re  m i t  ei- 
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