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w i t h o u t  B r d U  (3 • 10 ~ M) was added  ou ts ide  t he  glass 
r ing.  The  p r e p a r a t i o n s  were m a i n t a i n e d  a t  r oom t empe r -  
a tu re  (21-24~ for 4 h to  al low the  pass ive  d i f fus ion of 
B r d U  in to  e m b r y o n i c  t issues.  Af te r  4-5  h of i n c u b a t i o n  a t  
37.5~ t he  e m b r y o s  were washed  several  t imes  in sal ine 
to r emove  as m u c h  u n b o u n d  B r d U  as possible.  The  em- 
bryos  were t h e n  s ubcu l t u r ed  for 20 h on  t h i n  a l b u m e n  
c o n t a i n i n g  3 • 10 ~ M of t he  fol lowing:  B r d U  (Group I), 
m e t h i o n i n e  (Group II) ,  and  hom ocys t e i ne  (Group I I I ) .  
A d d i t i o n a l  embryos  (Group IV) were t r e a t e d  t he  same 
excep t  t h a t  p l a in  n u t r i e n t  m e d i u m  was used t h r o u g h o u t  
cu l t iva t ion .  The  chemica l  agen ts  were ob t a ined  f rom 
K & K Labora to r ies ,  P la inview,  N.Y. or S igma  Chem. 
Co., St. Louis,  Mo. Af te r  t h e  i n c u b a t i o n  per iod  t he  em- 
b ryos  were e x a m i n e d  to  d e t e r m i n e  d e v e l o p m e n t a l  
defects,  f ixed in Bou in ' s  fluid,  and  p rese rved  in 70% 
e thanol .  Morphologica l  fea tures  of each e m b r y o  were 
careful ly  r e e x a m i n e d  pr io r  to  h is to logical  sect ioning.  
R a n d o m l y  selected e m b r y o s  were e m b e d d e d  in paraf f in ,  
sect ioned a t  6 >m, and  s t a ined  w i t h  Delaf ie ld ' s  h e m a -  
t o x y l i n  a n d  eosin. T he  resu l t s  were ana lyzed  s t a t i s t i ca l ly  
us ing  t he  t e s t  for the  s ignif icance of difference in p ropor -  
t ions  11. 

Results. Our obse rva t ions  on 144 e m b r y o s  are sum- 
mar ized  in  t he  Table .  

I n  Group  I, all  32 e m b r y o s  showed charac te r i s t i c s  of 
B r d U  i n h i b i t i o n :  poor ly  deve loped  bra in ,  i ncomple t e  
neu ra l  t u b e  closure, a n d  few somites .  B l a s t o d e r m a l  
expans ion ,  h e a r t  deve lopmen t ,  and  b lood is land f o r m a t i o n  
were no t  n o t i c e a b l y  affected in th i s  series. 

I n  Group  I I ,  30 (67.7%) e m b r y o s  were n o r m a l  a n d  t he  
r e m a i n d e r  were abno rma l .  These  results ,  excep t  for b r a i n  
deve lopmen t ,  were c o m p a r a b l e  w i t h  those  of u n t r e a t e d  
con t ro l  series (Group IV). 

The  resul t s  of Group  I I I  were s t a t i s t i ca l ly  ins ign i f i can t  
w h e n  c o m p a r e d  w i t h  those  of Group  I, i.e., hom ocys t e ine  
could no t  a l lev ia te  t he  t3rdU effect, t t o m o c y s t e i n e  
(3 • 10-~ M),  when  app l ied  alone, was  non- tox ic  because  
over  80% of t he  e m b r y o s  showed  n o r m a l  deve lopmen t .  

Discussion. LEE et al. 7 showed  in s tage  4 ch ick  e m b r y o s  
t h a t  1 . 4 - 5  h of t3rdU t r e a t m e n t  was  suff ic ient  to  p roduce  
congen i t a l  m a l f o r m a t i o n s ;  2. t h e  i n h i b i t o r y  ac t ion  of 
B r d U  could be  a l l ev ia t ed  b y  s u b s e q u e n t  t r e a t m e n t  w i t h  
excess t h y m i d i n e ,  sugges t ing  i ts  i n c o r p o r a t i o n  in to  DNA.  
W e  h a v e  o b t a i n e d  s imi la r  resul t s  b y  us ing  m e t h i o n i n e  in 
place of t h y m i d i n e .  I t  is well  k n o w n  t h a t  m e t h y l a t i n g  
agen t s  are requ i red  for  t he  conve r s ion  of d e o x y u r i d i n e  
5 ' - phospha t e  to  t h y m i d i n e  Y-phospha te .  T h u s  i t  appea r s  
t h a t  me th ion ine ,  b y  v i r t u e  of i ts  labi le  m e t h y l  group,  
s t i m u l a t e s  t he  syn thes i s  of t h y m i d i n e  5 ' - phospha t e  (and 
hence  i ts  d e p h o s p h o r y l a t e d  form, t h y m i d i n e )  and  in a 
r o u n d a b o u t  way  a l lev ia tes  t he  B r d U  effect. Tile fa i lure  
of homocys te ine ,  a d e m e t h y l a t e d  d e r i v a t i v e  of me th ion ine ,  
to  a l lev ia te  t he  B r d U  effect  m a y  ref lect  i ts  i nab i l i t y  to  
d i r ec t ly  p a r t i c i p a t e  in  t he  t r a n s m e t h y l a t i o n  in t he  
ear ly  ch ick  embryo .  W h e t h e r  th i s  i n t e r p r e t a t i o n  is 
correc t  or no t  requi res  f u r t h e r  inves t iga t ions .  E x p e r i m e n t s  
a long th i s  l ine  are p r e s e n t l y  u n d e r w a y  in our  l abo ra to ry .  

Zusammenfassung.  Die h e m m e n d e  W i r k u n g  v o n  5- 
B r o m o d e s o x y u r i d i n  auf  die E n t w i c k l u n g  des Fr i ih-  
s t a d i u m s  yon  H i i h n e r e m b r y o n e n  k o n n t e  d u r c h  nach-  
folgende B e h a n d l u n g  m i t  M e t h i o n i n  in a e q u i m o l a r e r  
K o n z e n t r a t i o n ,  j edoch  n i c h t  m i t  Homocys t e in ,  aufge-  
h o b e n  werden.  
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Uptake of 3H-,Noradrenaline and aH75-Hydroxytryptamine in Cultured Rat Brainstem 

There  is cons iderab le  ev idence  tha~  u p t a k e  is a n  The  o u t g r o w t h  of t h e c u l t u r e s  was obse rved  da i ly  w i t h  
i m p o r t a n t  m e c h a n i s m  for  t e r m i n a t i n g  t h e  ac t ion  of 
re leased m o n o a m i n e s  a t  pe r iphe ra l  and  cen t ra l  synapses  1. 
Specific h igh  a f f in i ty  u p t a k e  sys tems  for no rad rena l i ne  
(NA) and  5 - h y d r o x y t r y p t a m i n e  (5-HT) in var ious  regions 
of t he  m a m m a l i a n  CNS h a v e  been  descr ibed p rev ious ly  
(for ref. seeS). 

F luorescence  h i s tochemica l  s tud ies  h a v e  s h o w n  t h a t  a 
g rea t  n u m b e r  of m o n o a m i n e - c o n t a i n i n g  neu rones  and  
ne rve  t e r m i n a l s  are  loca ted  in the '  b r a i n s t e m  ~, ~. F u r t h e r -  
more,  neu rones  w i t h  a specific f luorescence for mono-  
amines  were also found  in cul tures  of r a t  b r a i n s t e m  5. Since 
ne rvous  t i ssue  cu l tu res  h a v e  p r o v e d  to be  a useful  tool  to  
i nves t i ga t e  t he  cel lular  loca l iza t ion  of t he  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  ~-s, we were in t e re s t ed  to  s t u d y  
t he  u p t a k e  p a t t e r n  of m o n o a m i n e s  in cu l tu res  of r a t  
b r a i n s t e m .  

Cul tures  were m a d e  f rom t he  medu l l a  o b l o n g a t a  and  
pons  of fe ta l  (18 days  in utero)  and  n e w b o r n  rats .  Two 
exp lan t s  were p laced  on  col lagen-coated  coversIips,  fed 
w i t h  n u t r i e n t  m e d i u m  and  sealed in to  M a x i m o v  doub le  
covers l ip  assemblies" .  The  n u t r i e n t  m e d i u m  consis ted  of 
TC-Min imal  M e d i u m  Eagle ,  g lu tamine ,  calf  serum, 
bov ine  serum, glucose and  an t ib io t i c s  (for de ta i l s  see 10,11). 
The  cu l tu res  were k e p t  a t  35 ~ for 10-28 days  in v i t ro .  

phase  c o n t r a s t  op t ics  on  a reverse  microscope.  Fo r  t h e  
a u t o r a d i o g r a p h i c  s tudies ,  t he  cu l tu res  were i n c u b a t e d  in 
Tyrode  so lu t ion  (37~ w i t h  or w i t h o u t  m o n o a m i n e -  
ox idase - inh ib i to r  (pargyl ine,  0.1 raM,  k i n d l y  p rov ided  b y  
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Light microscopic autoradiographs of ra t  brainstem cultures after incubation with 3H-NA or 8H-5-HT. A) Neurone showing a strong auto- 
radiographic reaction of the cell body and processes after incubation with 8H-NA, 10 -6 M for 2 mi~ (culture, 22 days in vitro). B) Intensively 
labelled neurone of a 16-day-old brainstem culture, (incubation with 3H-5-HT, 10 .6 M, for 5 min). C) Brainstem culture, (22 days in vitro) 
after incubation with aH-NA (10-6M for 2 rain). The cell body and processes of this neurone appear to contain no silver grains. The l~eavily 
labelled processes (arrows), probably axons from other neurones, seem to make contacts with this cell. D) An intensely labelled nerve fibre 
appears to form contacts with the cell body of an unlabelIed neurone. Brainstem culture, 16 days in vitro, after incubation with 8H-5-HT, 
10 _6 M for 2 min. E) and F) Labelled nerve fibres in the outgrowth zone of brainstem cultures. The monoamines are concentrated in small 
dots giving the appearance of varicosities. E) 3It-NA, 10 .6 M for 2 rain, dark field illumination, culture, 22 days iu vitro. F) 3H-5-HT, 10-6 M 
for 5 rain, bright field illumination, culture, 16 days in vitro. Bar: 20 tzm. 
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Dr. L. MAITRE, Ciba-Geigy Ltd.  Basel) for 15 min.  
Af te rwards  they  were t r ans fe red  to H a n k ' s  solut ion 
conta in ing  ei ther  ~H-L-noradrenaline (New En g l an d  
Nuclear  Corp., specific ac t iv i ty :  6.41 Ci/mM) or ~H-5- 
h y d r o x y t r y p t a m i n e  (The Radiochemica l  Center  Amer-  
sham, specific ac t iv i ty :  9.5 Ci/mM) in a concen t ra t ion  of 
10 -6 M. A p p r o x i m a t e l y  half  of the  cul tures were incu- 
ba t ed  in the  solut ion conta in ing  the  isotopes  to  which  
pargyl ine  was added.  Af ter  the  incuba t ion  (30 see to  
15 min at  37 ~ the  cul tures were r insed 3 t imes  for 5 min  
in Tyrode  solution, f ixed wi th  3% g lu ta ra ldehyde  in 
0.1 M phospha t e  buffer  (pH 7.3), d e h y d r a t e d  and  m o u n t e d  
on object  slides. The air-dried cultures were covered wi th  
I lford L4  emulsion (Ilford Ltd .  Essex) using the  loop 
t echn ique  descr ibed by  J~NKINS 1~. D e v e l o p m e n t  and  
f ixa t ion  of the  au to rad iograms  were pe r fo rmed  af ter  
2-3 weeks wi th  K o d a k  D 19 developer  and 25-30% sodium 
th r iosu lpha te  respect ively  6-s, ~t. The au to rad iograms  were 
examined  and pho tog raphed  on a Wild  epi- i l luminat ion 
microscope.  

3H-NA and  3H-5-HT were found to  be t a k e n  up  by  the  
ma jo r i t y  of b r a in s t em cultures.  A s t rong accumula t ion  of 
monoamines  was main ly  observed in nerve f ibres growing 
out  f rom the  exp lan t  in to  the  ou tg rowth  zones. As 
shown in t he  Figure, aH-NA (E) and aH-5-HT (F) are 
concen t ra t ed  in small  dots  in these  fibres giving the  
appea rance  of var icosi t ies  descr ibed in f luorescence 
microscopic s tudies  *. The monoamines  were also found to  
be t aken  up by  a small  p ropor t ion  of neurones.  Figure  A 
and  B i l lustrate  neurones  wi th  a s t rong accumula t ion  of 
grains over  the  cell bodies  and processes af ter  incuba t ion  
wi th  NA and 5-HT respect ively .  A great  n u m b e r  of 
neurones appeared  to  be free of label. I t  was f r equen t ly  
observed t h a t  labelled fibres, p robab ly  axons  f rom mono-  
amine-conta in ing  neurones  approached  the  cell body  and  
processes of these  unlabel led neurones  and  seemed to 
form con tac t s  wi th  these  ceils. An example  of f ibres 
labelled wi th  ~H-NA making  con tac t  w i th  a neurone 
which did no t  accumula te  the  monoamine  is i l lus t ra ted in 
Figure  C (arrows). Figure  D shows a r~erve f ibre w i th  an 
in tense  au torad iographic  reac t ion  af ter  incuba t ion  wi th  
*H-5-HT pass ing an unlabel led neurone.  I t  appears  t h a t  
th is  f ibre forms con tac t s  wi th  the  neuronal  cell body  by  
'en passan t '  synapses.  E lec t ronmicroscopic  s tudies  have  
revealed t h a t  axo-somat ic  synapses  as well as synapses  
'en pas san t '  f requent ly  occur in spinal  cord and b ra ins t em 
cultures n.  

No difference was observed be tween  cul tures which were 
t r ea t ed  wi th  MAO-inhib i tor  and un t r ea t ed  ones. Pre-  
l iminary  s tudies  have  shown t h a t  3H-dopamine reveals  a 
s imilar  up take  p a t t e r n  to  t h a t  of 3H-NA and 3H-5-HT. 

Previous  inves t iga t ions  on the  cellular local izat ion of 
the  up take  of amino  acid t r a n s m i t t e r s  into spinal  cord 
and b ra ins t em cultures have  revealed t h a t  gIycine, GABA 
and g lu t ama te  are not  only  t aken  up by  neurones  bu t  to 
a great  ex t en t  also by  glial cells 6-s, 1,. In  con t ras t  to these  
observa t ions  up take  of 3H-NA and aH-5-HT was exclu- 
sively found to be localized in neurones  and  neuronal  
processes.  These resul ts  are cons i s ten t  w i th  s tudies  on the  
up take  of labelled monoamines  in CNS t issue in si tu 13-~ 
and  in slices ~4, ~7, d emo n s t r a t i n g  t h a t  3H-NA and aH-5-HT 
are p r e d o m i n a n t l y  localized in nerve  endings  and  un- 
mye l ina ted  axons and  to  a smal ler  ex t en t  also in nerve  cell 
bodies.  

F r o m  these resul ts  i t  is concluded t h a t  there  is a 
difference be tween  the  cellular local izat ion of the  up take  
of monoamines  and t h a t  of amino  acid t r a n s m i t t e r s  
where glial cells seem to p lay  a role in the i r  inact iva-  
t ion 6, 7,11,18-20 

Zusammen/assung. Die zellulS.re Lokal i sa t ion  der  
A u f n a h m e  yon ~H-NA und  3H-5-HT in den H i r n s t a m m  
yon R a t t e n  wurde  am Modell der  Nervengewebsku l tu r  
un te rsuch t .  Im  Gegensatz  zu den Aminos~Lure-Trans- 
mi t te rn ,  welche in Neurone  und  Gliazellen au fgenommen  
werden,  zeigen Monoamine  n u t  eine A u fn ah me  in 
Zellk6rper und  For t ss  von  Neuronen,  n ich t  j edoch  in 
Gliazellen. Es  bes t eh t  eine Kor re la t ion  zwischen den  
Ergebnissen  yon f luoreszenzmikroskopischen  Versuchen  
und  unseren au to rad iograph i schen  Unte r suchungen .  
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V i r u s { i h n l i c h e r  K e r n e i n s c h l u s s  b e i m  B a s a l i o m  

V i r u s - L i k e  I n c l u s i o n  in  B a s a l  Ce l l  C a r c i n o m a  

Gebilde, die u l t ras t rukture l I  den P a r a m y x o v i r e n  
ghneln,  wurden  auch in den Zellen mesenchyma le r  
Tumoren  beschrieben.  So konn t en  STEWART et al. 1 im 
Kern  und  im Cytop lasma  yon  L y m p h o b l a s t e n  bei 
M. Hodgk in  derar t ige  S t ruk tn ren  darstel len.  J~NsoN 
et al. 2 fanden  be im Os teosarkom sowohl in t ranucle~r  
(Lungenmetas tasen)  als s u c h  in t r acy top la sma t i s eh  (Pri- 
m/ir tumor)  s i tuier te  Paramyxovirus&Lhnliche Gebilde. 
Solche tubul~ren  bzw. f i lament6sen  Aggregate  sind im 
Material  yon  GY6RKEY et al.3 nur  i n t r acy top l a sma t i s ch  
lokalisiert.  I3eim M. Kapos i  fanden  diese Autoren  aller- 

dings solche S t r u k t u r e n  zwischen den be iden  Lamel len  
der K e r n m e m b r a n  (ghnlich Gu et  al. 4 bei E ry -  
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