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T h e  f luorescence  h i s t o c h e m i c a l  m e t h o d  deve loped  b y  
FALCK a n d  HILLARP 4 was  used  to  d e m o n s t r a t e  t h e  pres-  
ence  of t h e  m o n o a m i n e s .  T h e  cu l t u r e s  were  r a p i d l y  
f rozen  in  l iqu id  n i t r o g e n  a n d  f reeze-dr ied  for  1 -2  days .  
Af t e r  t h e  f r eeze -d ry ing  procedure ,  t h e  t i ssue  was  exposed  
to  p a r a f o r m a l d e h y d e  v a p o u r  a t  80 °C for 1 h, a f t e r w a r d s  
r insed  in xylo l  for  5 m i n  a n d  m o u n t e d  on  slides. To 
d i f f e r en t i a t e  b e t w e e n  non-spec i f ic  a n d  specif ic  m o n o -  
amine- f luorescence ,  t h e  fo l lowing t e s t s  were  pe r fo rmed .  
R e s e r p i n e  ( F l u k a ;  10 -~ a n d  10 -nM)  was  a d d e d  to  t h e  
n u t r i e n t  m e d i u m  of some  cu l tu re s  24 h before  t h e  freeze- 
d ry ing .  O t h e r  cu l tu re s  were  t r e a t e d  w i t h  s o d i u m  born-  
h y d r i d e  (0 .03-0 .1% in  9 0 %  i sop ropano l  for  2 m i n  a t  
20 °C)5 a n d  a few cu l t u r e s  were i n c u b a t e d  w i t h o u t  pa ra -  
f o r m a l d e h y d e  vapou r .  

F luorescence  mic roscopy  was  p e r f o r m e d  w i t h  a Zeiss 
mic roscope  W L .  The  l i gh t  f rom a n  O s r a m  H B O  200 Hg-  
l a m p  was  passed  t h r o u g h  a S c h o t t  B G  38 f i l te r  (red 
abso rp t i on )  a n d  t h r o u g h  a S c h o t t  B G  3 f i l ter .  T h e  b a r r i e r  
f i l te r  in  t h e  mic roscope  t u b e  h a d  a spec t r a l  t r a n s m i s s i o n  
of > 500 nm.  

N e u r o n e s  d e v e l o p i n g  specif ic  f luorescence  were  ob-  
s e rved  in a l m o s t  a l l  t h e  cu l t u r e s  t r e a t e d  w i t h  pa ra -  
f o r m a l d e h y d e  vapou r .  A l t h o u g h  t h e r e  was usua l ly  a 
h i g h  p r o p o r t i o n  of f luo rescen t  cells, t h e i r  n u m b e r  va r i ed  
c o n s i d e r a b l y  b e t w e e n  t h e  d i f f e ren t  cu l tures .  M o n o a m i n e -  
c o n t a i n i n g  cells were  found  in  t h e  dense  zone of t h e  
e x p l a n t  as  wel l  as in  t h e  zones  of mig ra t i on .  I t  was  o f t en  
o b s e r v e d  t h a t  cells in  t h e  m a r g i n a l  zones  showed  a w e a k  
or  m e d i u m  f luorescence,  whe rea s  cells in  t h e  dense  zones  
of t h e  e x p l a n t  deve loped  a r e m a r k a b l y  h i g h  f luorescence  
i n t ens i t y .  The  m o n o a m i n e s  were  d i f fuse ly  d i s t r i b u t e d  

in t h e  c y t o p l a s m  of t h e  cell  b o d y  a n d  in some  processes  
t h e  nuc le i  b e i n g  non- f luo rescen t .  No  a t t e m p t  was  m a d e  
to  d i s t i n g u i s h  b e t w e e n  c a t e c h o l a m i n e  a n d  5 -hydroxy-  
t r y p t a m i n e  f luorescence.  

F igure  1 i l l u s t r a t e s  m o n o a m i n e - c o n t a i n i n g  n e u r o n e s  of 
b r a i n  s t e m  t i s sue  c u l t i v a t e d  in v i t ro .  T h e  cells showed  
a s t rong  g reen i sh  ye l low to  yel low f luorescence,  whereas  
t h e  p l a s m a  c lo t  a p p e a r e d  w h i t e  f luorescent .  T h e  f luor-  
escence of t h e  p l a s m a  c lo t  b u t  n o t  of t h e  cells was  also 
p r e s en t  in  cu l tu re s  t r e a t e d  w i t h o u t  p a r a f o r m a l d e h y d e  
(autof luorescence) .  

A d d i t i o n  of r e se rp ine  (10 -7 a n d  1 0 - n M  for 24 h) to  
t h e  n u t r i e n t  m e d i u m  c a u s e d  a m a r k e d  decrease  of t h e  
f luorescence of t h e  neurones ,  w h e rea s  t h e  f luorescence  
of t h e  p l a s m a  clot  was  una f fec t ed .  T r e a t m e n t  of t h e  
cu l tu res  w i t h  sod ium b o r o h y d r i d e  also m a r k e d l y  reducec1 
t h e  specif ic  f luorescence w h i c h  could  be  r e g e n e r a t e d  b y  
r e i n c u b a t i o n  in  p a r a f o r m a l d e h y d e  v a p o u r .  

I n  a ser ies  of cu l tu res  in w h i c h  t h e  cells  were  degen-  
e r a t e d  (due t o  tox ic  calf  serum),  no  f l uo re scen t  n e u r o n e s  
could  be  de t ec t ed .  

F r o m  these  resul ts ,  i t  a p p e a r s  t h a t  t h e  o b s e r v e d  f luor-  
escence  is d u e  to  t h e  p resence  of m o n o a m i n e s ,  sug-  
ges t ing  t h a t  neu rones  g rown  in v i t ro  for  seve ra l  d a y s  
a re  ab le  to  s tore  a n d / o r  to  syn thes i ze  m o n o a m i n e s  e. 

Zusammen/assung. M o n o a m i n h a l t i g e  N eu ro n e  k o n n t e n  
m i t  Hi l fe  de r  F luo reszenz -Mikroskop ie  in  H i r n s t a m m -  
gewebe,  welches  wAhrend  m e h r e r e r  Tage  in v i t r o  ge- 
z t i ch t e t  wurde ,  n ach g ew i e s en  werden .  R e s e r p i n  u n d  
N a t r i u m b o r h y d r i d  b e w i r k t e n  e ine  deu t l i che  A b n a h m e  
d iese r  F luoreszenz .  Diese U n t e r s u c h u n g e n  weisen d a r a u f  
h in ,  dass  Neurone ,  welche  wi th rend  m e h r e r e r  Tage  in  
v i t r o  gez i i ch te t  wurden ,  die F i ih igke i t  h a b e n ,  M o n o a m i n e  
zu spe iche rn  u n d / o d e r  zu syn the t i s i e r en .  
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Brain stem neurones showing medium to strong yellow and greenish 
yellow fluorescence; culture of rat  brain stem 14 days in vitro. 
B a r  represents 50//,In. 
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Cell Fus ion  as  a M e c h a n i s m  for the Orig in  of Po lyp lo id  Cells in vitro 

I n  a n y  m a m m a l i a n  cell  cu l tu re  a c e r t a i n  p r o p o r t i o n  
of po lyp lo id  cells c an  usua l ly  be  found .  Since po lyp lo id  
cells occur  in  vivo,  t h e i r  p resence  in cu l tu re  m a y  be  
r e g a r d e d  as t h e  legacy  of t h e  o r ig ina l  t issues.  However ,  
t h e  f r e q u e n t  occur rence  of e n d o r e d u p l i c a t i o n  a n d  t h e  
d i s cove ry  of cell  fus ion  sugges t  t h a t  some  po lyp lo ids  
ar ise  de  novo  in  cel l  cu l tures .  T h e  p r e s e n t  c o m m u n i c a t i o n  

suggests  t h a t  t r i t i u m  a u t o r a d i o g r a p h y  m a y  be  used to  
de t ec t  t h e  occur rence  of cell fus ion in homologous  cell 
popu la t ions .  

I n  s tud ies  on  t h e  sequence  of D N A  rep l i ca t i on  in cel l  
cu l tu re s  of Peromyscus maniculatus ( 2 N  = 48), we rou t i -  
ne ly  expose  t h e  cells to  t r i t i a t e d  t h y m i d i n e  a t  1 [zc/ml 
of g r o w t h  m e d i u m  for  2.5 to  3 h.  Colcemid  is i n t r o d u c e d  
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Fig. 1, Autoradiograph of a tetraploid metaphase from a cell culture of Peromyscus maniculat,us. One diploid set of chromosomes heavily 
labeled and one set l ightly labeled or unlabeled. 

Fig. 2-4. Autoradiographs illustrating the types of abnormally labeled tetraploid metaphases from a cell culture of Muntiacus muntjak. 
Culture treated with HSTdR for 30 rain and collected 5 h later. 

Fig, 2. Tetraploid cell with one diploid set of chromosomes labeled and one set unlabeled. 

Fig. 3. Tetraploid cell with one unlabeled set of chromosomes in metaphase and one labeled set in prophase, The cytoplasm surrounding 
the cell is not reproduced in the photograph but can be observed microscopically. The possibility that this figure is two separate cells is also 
eliminated by the labeling pattern. The muntjac calls have a 2.5 h G~ period, and at 5 h after HnTdR addition all diploid metaphase cells 
are heavily labeled. 

Fig. 4. Tetraploid prometaphase with one diploid set showing a terminal S labeling pattern, the other an earlier S pattern. 



15. 3. 1971 Specialia 313  

in to  t h e  cu l tu re s  1.5 h p r io r  to  h a r v e s t i n g  t he  cells, a n d  
a u t o r a d i o g r a p h y  is used  to  r evea l  t h e  la te  S l abe l ing  
p a t t e r n .  Occas iona l ly  in  these  a u t o r a d i o g r a p h s ,  po lyp lo id  
cells are  found  wh ich  show 2 d i f f e ren t  t ypes  of l abe l ing  
w i t h i n  t h e  cell, 1 for  e ach  d ip lo id  se t  as d e m o n s t r a t e d  
in  F igu re  1. 

T h i s  u n u s u a l  l abe l ing  p a t t e r n  is seen r a r e ly  in  Pero- 
myscus maniculatus cul tures .  However ,  in  our  s tud ies  
o n  a ma le  cell  l ine  of t h e  I n d i a n  Mun t j ac ,  Muntiacus 
muntjak (2n = 7) e s t ab l i s hed  b y  WURSTER a n d  BE- 
NIRSCHKE 1 t h i s  l abe l ing  p a t t e r n  was  obse rved  f r e q u e n t l y  
in  po typ lo id  cells. T h e  cu l t u r e  h a d  b e e n  pulse  labe led  
w i t h  H S T d R  (2 t~c/ml of g r o w t h  m e d i u m )  for  30 min .  
Af t e r  labe l ing ,  t h e  cells were r i n sed  w i t h  w a r m  H a n k s '  
so lu t ion  a n d  g r o w n  in  f resh  m e d i u m  c o n t a i n i n g  non -  
r a d i o a c t i v e  T d R  (2 ~g/mI) .  Sam p l e s  were  co l lec ted  a t  
2 h i n t e r v a l s  a f t e r  labe l ing ,  a n d  s q u a s h  p r e p a r a t i o n s  
were  m a d e  for  a u t o r a d i o g r a p h y .  

F igu res  2, 3, a n d  4 show po lyp lo id  cells c o n t a i n i n g  
14 c h r o m o s o m e s  w h i c h  were  co l lec ted  a t  5 h a f t e r  H S T d R  
add i t i on .  I n  F igu res  2 a n d  3 one  d ip lo id  se t  of  ch romo-  
somes  is labe led ,  whi le  t h e  o t h e r  is no t .  I n  F i g u r e  4 b o t h  
d ip lo id  se ts  a re  labe led ,  b u t  one  shows  a n  ear l ie r  D N A  
rep l i ca t i on  p a t t e r n  t h a n  t h e  o the r .  T h e  c h r o m o s o m e s  in 
some  of t h e  d ip lo id  se ts  c a n  also b e  d i f f e r en t i a t ed  b y  t h e  
degree  of c o n d e n s a t i o n .  I n  F i g u r e  2 t h e  c h r o m o s o m e s  
w i t h  i n c o r p o r a t e d  H S T d R  a re  1.5-2 t i m e s  as  long  as  t h e  
u n l a b e l e d  set,  sugges t ing  t h a t  one  se t  lags  b e h i n d  t h e  
o t h e r  in  p r o p h a s e  coi l ing  as well  as  in  D N A  syn thes i s .  
F i g u r e  3 is a n  e x t r e m e  e x a m p l e  in  t h i s  regard ,  w i t h  one  
d ip lo id  se t  in  p r o p h a s e  a n d  t he  o t h e r  in  m e t a p h a s e .  T h e  
f r e q u e n c y  of occu r rence  of t he se  he t e r ophas i c  po lyp lo id  
cells  is p r e s e n t e d  in t h e  Tab le .  

These  h e t e r o p h a s i c  cells are  i n t e r p r e t e d  as t h e  p r o d u c t s  
of fus ion  b e t w e e n  2 d ip lo id  cells t h a t  are  a t  d i f f e ren t  
s tages  of t h e  cell  cycle. T he  2 d ip lo id  e l e m e n t s  m a y  
s y n c h r o n i z e  a n d  e n t e r  S p h a s e  fol lowing t h e  f i r s t  mi tos i s  
a f t e r  fusion.  However ,  i t  is p r o b a b l e  t h a t  some  of t he se  
mi toses  wil l  be  ' t e r m i n a l '  mi toses  due  to  t h e  i n a b i l i t y  
of t h e  2 i n d i v i d u a l  genomes  to  s y n c h r o n i z e  p r io r  to  
d iv is ion .  

SANDBERG et  al. ~ h a v e  desc r ibed  t e t r a p l o i d  mi toses  
in  w h i c h  one  d ip lo id  se t  of c h r o m o s o m e s  is l abe led  a n d  

one  is u n l a b e l e d  in a cell l ine de r ived  f rom t h e  b lood  of 
a p a t i e n t  w i t h  acu t e  mye lob la s t i c  l eukemia .  I n  c o n t r a s t  
to  t h e  I n d i a n  m u n t j a c  cells, t h e  c h r o m o s o m e s  w i t h i n  a 
g iven  m e t a p h a s e  in t h e  h u m a n  cells d id  n o t  v a r y  in 
degree of c o n d e n s a t i o n .  The  a u t h o r s  sugges ted  t h a t  t h e  
po lyplo id  cells o b s e r v e d  o r ig ina t ed  f rom m u l t i n u c l e a t e d  
megaka ryocy t e s ,  p l a s m a  cells, or  n o r m o b l a s t s .  

Recen t ly ,  JOHNSON a n d  RAO 3 used s y n c h r o n i z e d  H e L a  
cu l tu res  to  show t h a t  fus ion  can  be  a c c o m p l i s h e d  b e t w e e n  
2 cells in  d i f f e ren t  s t ages  of t h e  cell cycle. AcCording to  
these  au tho r s ,  w h e n  G 2 or  m e t a p h a s e  cells are  fused  w i t h  
G x or  S cells, a n  i n d u c t i o n  of c h r o m o s o m e  c o n d e n s a t i o n  
m a y  occur  r e su l t i ng  in a b e r r a n t  c h r o m o s o m e  m o r p h o l o g y  
in t h e  l agg ing  nucleus .  T h e y  ca l led  t h i s  p h e n o m e n o n ,  
wh ich  is v e r y  s imi la r  to  t h e  f r a g m e n t a t i o n  i nduced  b y  
m y x o v i r u s e s  4 or  p ro longed  Colcemid  t r e a t m e n t  b, p r e m a -  
t u r e  c h r o m o s o m e  condensa t i on .  O u r  o b s e r v a t i o n s  con f i rm  
t h e i r  conc lus ions  t h a t  cells m a y  fuse whi l e  in  d i f f e ren t  
s t ages  of t h e  cell  cycle, b u t  we f o u n d  n o  e x a m p l e s  of 
p r e m a t u r e  c h r o m o s o m e  condensa t i on .  P e r h a p s  t h i s  is 
because  t h e  fused  cells  we obse rved  were  n o t  w ide ly  
s e p a r a t e d  in  t h e  cel l  cycle. However ,  i t  is a lso poss ib le  
t h a t  t h e  t e c h n o l o g y  e m p l o y e d  b y  JOHNSON a n d  RAO 8 
(Colcemid t r e a t m e n t ,  d o u b l e  t h y m i d i n e  block,  etc.)  in  
s y n c h r o n i z i n g  t h e  cell  p o p u l a t i o n s  resu l ted  in m e t a b o l i c  
i m b a l a n c e s  w h i c h  e n h a n c e d  t h e  occur rence  of p r e m a t u r e  
c h r o m o s o m e  c o n d e n s a t i o n .  U n d e r  more  n o r m a l  g r o w t h  
c o n d i t i o n s  t h e  i n d u c t i o n  of c h r o m o s o m e  c o n d e n s a t i o n  
in fused  h e t e r o p h a s i c  cells m a y  be  r educed  or  a b s e n t  8,7. 

Zusammen/assung. I n  K u l t u r e n  v o n  Peromyscus mani- 
culatus u n d  in  Muntiacus munt]ak w u r d e n  T e t r a p l o i d -  
zel len ge funden ,  d ie  als  P r o d u k t e  y o n  Zel l fus ionen  auf-  
gefass t  werden .  E s  wi rd  a n g e n o m m e n ,  dass  die  u r spr i ing-  
l i chen  d ip lo iden  E l e m e n t e  s ich im Z e i t p u n k t  de r  F u s i o n  
in  v e r s c h i e d e n e n  P h a s e n  des  Ze l lzyk lus  b e f u n d e n  h a b e n .  
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Frequency of heterophasic polyploid cells expressed as percent of 
mitotic cells 

Hour after Diploid Homophasic Heterophasic 
HaTdR pulse mitotic cells polyploids polyploids 

(%) (%) (%) 

1 87.0 9.0 4.0 
3 91.3 5.0 3.7 
5 85.8 8.7 3.3 

Mitotic cells counted at each collection point = 250. 
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Short Adrenergic Neurons Innervating the Female Urethra of the Cat 

Fluorescence  h i s t o c h e m i s t r y  h a s  d e m o n s t r a t e d  t h a t  
t h e  u ro -gen i t a l  t r a c t  of d i f f e ren t  m a m m a l s  receives  a n  
ad rene rg ic  n e r v e  s u p p l y  o r i g i n a t i n g  f rom g a n g l i o n  fo rma-  
t i ons  loca ted  w i t h i n  or  in  t h e  v i c i n i t y  of  t h e  e f fec tor  

organ.  Th i s  specia l  t y p e  of s h o r t  ad rene rg i c  n e u r o n s  
i n n e r v a t e s  t h e  i n t e r n a l  m a l e  accessory  gen i t a l  o rgans  ~-3 
to  a c e r t a i n  e x t e n t  t h e  f ema le  r e p r o d u c t i v e  t r a c t  4-e a n d  
t h e  t r i g o n u m  of t h e  u r i n a r y  b l a d d e r  :,s. Besides,  t h e  


