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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  
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hypogas t r i c  nerves  pa r t i c ipa te  in the  i n n e r v a t i o n  of the  
female  r ep roduc t ive  t r a c t  5,e and  supp ly  the  b l adde r  
t r i gonum  toge the r  w i th  t he  pelvic  nerves  7. 

In  t he  course of dene rva t i on  e x p e r i m e n t s  u n d e r t a k e n  
to  clar i fy t he  origin of t he  adrenerg ic  nerves  to  t h e  
female  r ep roduc t ive  t r a c t  of t he  cat ,  i t  was observed  
h i s tochemica l ly  t h a t  neurona l  noradrena l ine  in t he  u r e t h r a  
was  no t  af fec ted  by  remova l  of t he  infer ior  mesen te r i c  
gangl ia  t oge the r  w i th  t he  hypogas t r i c  nerves .  This  
p r o m p t e d  a fu r the r  e x a m i n a t i o n  of t he  o rgan iza t ion  of 
t h e  s y m p a t h e t i c  i nne rva t i on  to  t h i s  p a r t  of t h e  female  
u r ina ry  t r ac t .  

Mater ia l  and  methods. The  mate r i a l  inc luded  a t o t a l  
of 39 female  cats ,  weighing  be tween  2.0 and  3.3 kg, In  
12 an imals  m a i n t a i n e d  unde r  n e m b u t a l  anes thes ia  
(30 m g / k g  i.p.) t he  infer ior  mesen te r i c  gangl ia  t oge th e r  
w i t h  5 cm of t he  hypogas t r i c  nerves  were  excized t h r o u g h  
a Inidline abdomina l inc i s ion .  In  3 an imals  t h e  s y m p a t h e t i c  
cha in  was  r e m o v e d  b i la te ra l ly  f rom t h e  gangl ion levels 
L x to  S 4. All an imals  were  killed 7 days  pos topera t ive ly .  
The  ou t com e  of t h e  surgical  p rocedures  was  c o m p a r e d  
w i t h  t h a t  of 3 s h a m - o p e r a t e d  a n d  19 u n o p e r a t e d  animals .  

The  u r e t h r a  f rom 14 of t h e  u n o p e r a t e d  an ima l s  and  
7 of t he  an imals  sub jec ted  to  hypogas t r i c  d e n e r v a t i o n  
was  d issec ted  ou t  for  f luoromet r ic  d e t e r m i n a t i o n  of 
no radrena l ine  ~,~°. Two unope ra t ed  an imal s  were  t a k e n  
for m e a s u r e m e n t  of u re th ra l  5 - h y d r o x y t r y p t a m i n e  n.  

Pieces f rom the  u re th ra  of t he  r ema in ing  an imals  were  
processed  for f luorescence microscopic  d e m o n s t r a t i o n  of 
cer ta in  m o n o a m i n e s  according  to  t h e  f o r m a l d e h y d e  
m e t h o d  1~. 

Resul ts  and discussion. In  t he  no rma l  cat ,  f luorescence 
mic roscopy  revealed  in all  pa r t s  of t he  u r e t h r a  a fa i r ly  
large n u m b e r  of varicose ne rve  t e rmina l s  e m i t t i n g  an  
in tense  green ca t echo lamine  f luorescence (Figure l a). 
This  f ind ing  agreed well  w i t h  t he  presence  of 3.55 4-0.38 
(S.E.M.) ~g/g noradrena l ine  in t he  organ ;  ne i the r  
adrena l ine  nor  d o p a m i n e  occurred  in measurab le  amo u n t s .  

The  ne rve  f i b r e s r a n  isola ted  or  in smal l  fascicles in  
pa r t i cu la r ly  large n u m b e r  in t h e  c i rcular  s m o o t h  muscle  
layer  (Figure l a ) ,  i n t i m a t e l y  fol lowing t h e  course of t h e  
muscle  ceils. Some nerves  also occurred  in p lexus  forma-  
t ions  a round  blood vessels.  Also t h e  o the r  layers  of t h e  
s m o o t h  muscle  wall  rece ived adrenerg ic  fibres,  t h o u g h  
in a smal le r  n u mb er .  The  over-al l  a m o u n t  of nerves  was  
larger  in  t h e  p ro x i ma l  po r t i on  of t h e  u r e t h r a ;  t h e  th ick -  
ness  of t h e  wal l  d id  n o t  differ  ove r t l y  in t h e  var ious  
regions,  ind ica t ing  t h a t  t h e  i n n e r v a t i o n  was  more  dense  
p rox imal ly .  

In  t he  wal l  of t he  p r o x i m a l  u re th ra ,  large gangl ion  
fo rma t ions  were  found  (Figure 2) cons is t ing  of ne rve  cell 
bodies  exh ib i t i ng  a m o d e r a t e  green f luorescence as well  
as non- f luorescent ,  p r o b a b l y  chol inergic  celis s. Smooth ,  
p r e t e r m i n a l  axons  w i t h  a low f luorescence i n t ens i t y  

Fig. 2. Cat, hypogastric denervation. Large ganglion formation in 
the wall of the proximal urethra. Adrenergic nerve cells with green 
fluorescence of varying intensity to the right. The remainder of the 
ganglion consists of non-fluorescent probably cholinergic ganglion 
cells. Slightly fluorescent, smooth preterminal fibres leave the 
adrenergic cells and run through the ganglion (upper and lower parts 
of the picture), x 120, 

b 

Fig. 1. Fluorescence photomicrographs of transversely sectioned cat 
urethra; lumen outside lower margin of the pictures, x 75. a) Un- 
treated cat. Considerable number of varicose nerves, particularly 
in the circular muscle layer, b) After removal of the hypogastric 
nerves together with the inferior mesenterie ganglia, the number 
of nerve terminals is reduced, especially evident in the circular 
muscle layer. Note the thick bundle of fluorescent nerves between 
the outer longitudinal and the circular muscle layers. 
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were seen to leave the cell clusters in bundles together 
with non-fluorescent fibres. Both types of perikarya 
were enclosed by fluorescent terminal nerve fibres in a 
manner suggesting a synaptic arrangement. 

Flask-shaped cells resembling enterochromaffin cells 
were distributed in quite large number among the 
epithelial cells of the mucosa (Figure 3a). They emit ted 
an intense yellow cytoplasmic fluorescence, probably 
derived from 5-hydroxytryptamine,  which occurred in 

,p 

~ e  

0.37 and 0.48 ~tg/g (2 determinations) in the urethra. 
A conspicuous accumulation of delicate adrenergic nerve 
terminals occurred in the immediate  vicinity of, and 
even contiguous to, the base of the cells (Figure 3b). 
I t  is not unlikely tha t  the arrangement represents a 
direct adrenergic innervation of the cells. 

Hypogastric denervation produced a slight but clear 
decrease in the number of adrenergic nerves running in 
the smooth muscle wall (Figure 1 b). This was consistent 
with the fluorometric determinations which revealed a 
significant reduction (Student 's  t-test: 0.02 > P > 0.01) 
of urethral noradrenaline to 2.15 ±0 .44  ~g/g. 

No change was found in the number or fluorescence 
intensity of the urethral adrenergic nerves after removal 
of the lumbosacral portion of the sympathetic  chain. 

Conclusions. Fluorescence microscopy has shown the 
presence of adrenergic ganglion formations in the wall 
of the proximal urethra of the female cat. These ganglia 
contribute to the major portion of the urethral  adrenergic 
innervation by way of short neurons. Fluorometric deter- 
minations of noradrenaline in combination with denerva- 
tion experiments indicate that  about X/z of the post- 
ganglionic adrenergic innervation to the urethra derives 
from the inferior mesenteric ganglia via the hypogastric 
nerves. The sacral sympathetic ganglia (pelvic nerve) 
do not seem to contribute significantly to the sympathetic  
innervat ion 13. 

Zusammen/assung. Die adrenergische Innervation der 
weiblichen Urethra bei der Katze wird mit  Hilfe fluores- 
zenzmikroskopischer Technik dargestellt. Adrenergische 
Ganglien in der proximalen Urethra  bestreiten den 
Hauptantei l  der urethralen adrenergischen Innervat ion 
(kurze Neurone). Ein Drit tel  der adrenergischen Bahnen 
s tammen aus dem Nervus hypogastricus. 

CH. OWMAN, T. OWMAN 
and N.-O. S J O B E R G  

Fig. 3. Mucosa of urethra from cat subjected to hypogastrie denerva- 
tion. a) Large number of yellow-fluorescent, flask-shaped cells in 
the epithelium. × 100. b) At higher magnification, an abundaney 
of adrenergie nerve terminals (arrows) are seen to run in close contact 
with the base of the yellow enterochromaffin cells. × 240. 
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P r o l i f e r a t i o n  of S p l e e n  Cel ls  f r o m  Mice  Infected  w i t h  Fr iend  Virus  in the  Sp leens  of U n i r r a d i a t e d  
and Irrad ia ted  Mice  

Infection of mice with Friend virus (FV) results in 
splenomegaly, which is due to proliferation of ret iculum 
cells in the spleen 1 Although injection of a spleen homo- 
genate from FV-infected mice into normal hosts can 
cause proliferation of host spleen cells, it is not known 
whether FV-infected cells injected i.v. into normal mice 
can proliferate in the hosts. Chromosome marker, CBA/ 
HT,T  6, was used to identify the origin of cells 2, 3. 

CBA]HTsTs mice were infected with a homogenate 
oi FV-infected spleens. 7 days later, the spleens of the 
infected CBA/HTeT e mice were teased, and sam- 
ples of spleen-cell suspension, each containing 1 ×10 T 

cells, were injected i.v. into normal CBA/H mice, un- 
irradiated or irradiated with 400 1R. TsT e cells were 
scored in the spleens of the CBA/H mice 7 and 14 days 
after injection of the cell suspension, as described pre- 
viously 4. DNA synthesis was measured by injecting 
125I-UdR into the mice, and counting 125I-UdR uptake 
in the spleen 18 h later s. 

The Figure shows agsI-UdR incorporation and spleen 
weight in CBA/HTeT e mice before and after infection 
with FV. For a normal CBA/HTeTe mouse, I U d R  uptake 
was 1.47 :k 0.24 (×  10 -3) ~tCi per spleen, and the weight 
of the spleen was 56.5 ± 4 . 2  rag. For  an FV-infected 


