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Invest igat ions  using autoradiography with thymidine-H 3 r evea led  DNA synthes is  in the 
nuclei of hyper t rophied  sympathe t ic  neurons  of the s te l la te  ganglia of adult mice  r e -  
ceiving inject ions of nerve  t issue growth fac tor .  This synthes is  takes place in the nuclei 
of d i f ferent ia ted  cel ls  and is a ssoc ia ted ,  not with their  p repa ra t ion  for  mitot ic  division, 
but with the i r  polyploidization.  

The r e su l t s  of cy tophotomet r ic  invest igat ions of the state of the sympathe t ic  neurons in mice rece iv ing  
injections of nerve  t i ssue  growth fac tor  (NTGF) sugges ted  that  the p r o c e s s  of hyper t rophy  of the nerve cell 
bodies developing in this case  is accompanied  by polyploidizat ion of thei r  nuclei [1]. 

This  paper  de sc r ibe s  the r e su l t s  of an au toradiographic  study of DNA synthes is  in the nuclei of s y m -  
pathetic neurons of adult mice  rece iv ing  definite doses  of NTGF. 

EXPERIMENTAL METHOD 

Subcutaneous injections of NTGF isolated from the submandibular salivary glands of mice were given 
daily for 7 days to four albino mice weighing 21.0 �9 1.0 g in a dose of 300 biological units/g body weight. 
Four animals of the same weight, reared under absolutely identical conditions, but receiving seven daily 
injections of physiological saline were used as the control. All the experimental and two control mice re- 
ceived two daily injections of thymidine-H 3 (specific activity 7 mCi/ml) in a total dose of 4 pCi/g. Half 
of the mice used in the experiment were killed 24 h after, and the remainder 7 days after the last injection. 
The stellate ganglia of the control and experimental mice were fixed in Carnoy's fluid and embedded in 
paraffin wax. The degree of hypertrophy obtained as the result of this cycle of NTGF injections was es- 
timated from the change in dry weight of the nuclei and cytoplasm of the tested neurons. The dry weight 
was measured by means of an interference microscope. Sections for autoradiographic study were dewaxed, 
coated with type M liquid fine-grain emulsion and exposed in darkness at 4~ for 90 days. After develop- 
ment, these sections were counterstained with methyl green-pyronine. 

E X P E R I M E N T A L  R E S U L T S  

The re su l t s  given in Table 1 show that  a 7-day course  of injections of growth fac tor  into adult mice  
leads to a m a r k e d  inc rease  in the dry weight of the pe r ika ryons  of the cel ls  studied: the m a s s  of the cy to-  
p l a s m  inc rea sed  by more  than 60% and the m a s s  of the nuclei by more  than 100%. Inject ion of NTGF thus 
definitely induces hyper t rophy  of the bodies of the sympathe t ic  nerve cel ls  of adult mice .  
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T A B L E  1. Changes  in C o n c e n t r a t i o n  of So l ids ,  Size and Dry  Weigh t  
of Nuc l e i  and  C y t o p l a s m  of S y m p a t h e t i c  Nerve  C e i l s  f r o m  S te l l a t e  
G a n g l i a  of Adu l t  Mice  a f t e r  7 - d a y  Cyc le  of N T G F  I n j e c t i o n s  ( M - m )  

Phase shift (x 10 "s cm) 
Area of section (conventional 

units) 
Dry weight (conventional 

units) ~ 

Nucleus 

control expt. 

15--1,0 26-----2,0* 

289-----5,8 357-+'7,9 * 

?h---+9,2 516+23,2 ~ 

Cytoplasm 
control expt. 

47--+2,0 51--2,0 

810-----30,2 I 240--35,9 * 

2 I15~88,8 3513--+123,0 * 

*Differ  by s t a t i s t i c a l l y  s i g n i f i c a n t  amoun t  f r o m  the c o r r e s p o n d i n g  
control (statistical analysis of the results by the Fisher--Student 
method). 

F i g .  1. I n c o r p o r a t i o n  of t h y m i d i n e - H  3 into DNA of 
nuc le i  of s y m p a t h e t i c  n e u r o n s  f r o m  a d u l t  m i c e  r e -  
c e i v i n g  NTGF i n j e c t i o n s :  A) l a b e l e d  nuc l eus  of 
n e r v e  ce l l ;  B) l a b e l e d  nuc l eus  of n e r v e  and g l i a l  
c e l l s  ( a r r o w ) .  C o u n t e r s t a i n e d  wi th  m e t h y l  g r e e n -  

p y r o n i n e ,  1000•  

E x a m i n a t i o n  of the a u t o r a d i o g r a p h i c  s e c -  
t ions  showed  tha t  the nuc l e i  of s o m e  n e u r o n s  f r o m  
the s t e l l a t e  g a n g l i a  of the e x p e r i m e n t a l  a n i m a l s  
con ta ined  t h y m i d i n e - H  3 l a b e l  (F ig .  1), i n d i c a t i n g  
the o c c u r r e n c e  of DNA s y n t h e s i s  in them.  

The  a c c u m u l a t i o n s  of s i l v e r  g r a i n s  r e -  
c o r d e d  in the a u t o r a d i o g r a p h s  i n d i c a t e  i n c o r -  
p o r a t i o n  of the l a b e l e d  p r e c u r s o r  into DNA of 
a d u l t  n e u r o n s ,  b e c a u s e  in w o r k  wi th  s y m p a t h e t i c  
gang l i a  the m a i n  o b j e c t i o n s  put  f o r w a r d  u s u a l l y  
a g a i n s t  i n c o r p o r a t i o n  of t h y m i d i n e - H  3 into the 
nuc le i  of ne rve  c e l l s  l o c a t e d  in the c e n t r a l  n e r -  
vous  s y s t e m  can  l a r g e l y  be r u l e d  out [2-4]. F i r s t ,  
t h e r e  is  no g e r m i n a t i v e  zone in the s y m p a t h e t i c  
gang l i a  of adu l t  a n i m a l s  which  could  c o n t a i n n e u r o -  
b l a s t s  c apab l e  of d iv i s i on .  Second ,  a s p e c i a l  i n -  
v e s t i g a t i o n  showed  tha t  i n j e c t i o n  of N T G F  into 
adu l t  m i c e  does  not  i n c r e a s e  the n u m b e r  of n e r v e  
c e l l s  in t h e i r  s y m p a t h e t i c  g a n g l i a  [6]. Th is  l a s t  
f inding  r u l e s  out  the p o s s i b i l i t y  of the a p p e a r a n c e  
of l a b e l e d  n e u r o n s  as  a r e s u l t  of r a p i d  d i f f e r e n -  
t i a t i on  of p r e v i o u s l y  l a b e l e d  s ing le  n e u r o b l a s t s  
s c a t t e r e d  a m o n g  the gang l ion  c e l l s .  The p r o b -  
a b i l i t y  tha t  g r a i n s  be long ing  to the nuc leus  of a 
g l i ocy t e  l y ing  be low or  above the nuc leus  of a 
n e r v e  c e l l  cou ld  be t aken  fo r  l a b e l  a c t u a l l y  in 
the l a t t e r  nuc l eus  was  a l s o  un l ike ly  in th i s  c a s e .  
E v i d e n c e  of the i m p r o b a b i l i t y  of th is  s i t u a t i o n  
was  g iven  by the r a t i o  be tween  the d i m e n s i o n s  
of the s y m p a t h e t i c  n e u r o n s  and t h e i r  nuc le i ,  the 
d i m e n s i o n s  of the s a t e l l i t e  c e l l s  and  the t h i c k -  
n e s s  of the s e c t i o n .  A f u r t h e r  a r g u m e n t  to s u p -  
p o r t  the v i ew that  the p r e c u r s o r  was  i n c o r p o r a t e d  

into the nuc l eus  of a n e r v e  c e l l  was  the f r e q u e n t  c o i n c i d e n c e  be tween  the d i s t r i b u t i o n  of s i l v e r  g r a i n s  and 
the c h r o m a t i n  s t r u c t u r e s  in the l a b e l e d  nuc l eus  (F ig .  1). In  add i t ion ,  s t a in ing  of the s e c t i o n s  wi th  m e t h y l  
g r e e n - p y r o n i n e  gave  a p r e d o m i n a n t l y  g r e e n  c o m p o n e n t  in the c o l o r  of the nuc l e i  of the g l i a l  c e l l s ,  and  a 
v i o l e t  c o m p o n e n t  in the nuc l e i  of the n e u r o n s ,  so  tha t  s u p e r p o s i t i o n  of the nuc l e i  would  be c l e a r l y  v i s i b l e  

on e x a m i n a t i o n  of the s e c t i o n s .  

In m o s t  c a s e s  the  l a b e l e d  nuc l e i  b e l o n g e d  to m e d i u m - s i z e d  n e u r o n s .  The w e l l - d e v e l o p e d  t i g r o i d  in 
the c y t o p l a s m  of t h e s e  c e l l s  i n d i c a t e s  tha t  they a r e  fu l ly  m a t u r e d .  The i n t e n s i t y  of l a b e l i n g  in the nuc l e i  
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of sympathe t ic  cel ls  is low. Neurons incorpora t ing  thymidine-H3 were  found in the s te l la te  ganglia  of e x :  
pe r imen ta l  mice  sac r i f i ced  both 24 h and 7 days a f t e r  the l a s t  injection of NTGF. No labeled nuclei of 
nerve cel ls  were  found in the control  an imals .  

The labeled p r e c u r s o r  of DNA was a lso  incorpora ted  into the nuclei of some glial  cel ls  of the ex -  
pe r imen ta l  and control  mice .  The intensi ty of the label  above the nuclei of the g l iocytes  was usually much 
higher than above the nuclei of the neurons .  

The r e su l t s  desc r ibed  in this paper  a re  in te res t ing  because ,  f i r s t ,  they indicate that d i f ferent ia ted 
neurons a re  capable ,  in pr inciple ,  of synthesiz ing DNA; second, by i l lus t ra t ing  a t e m p o r a r y  connection be -  
tween polyploidization of the nerve ceils of adult mice, recorded cytophotometrieally, and incorporation 
of thymidine-H 3 into their nuclei, they demonstrate that DNA is being synthesized in order to increase the 
ploidy of the neurons, and third, the fact that polyploidization can be induced by the action of a substance 
which also leads to hypertrophy of the bodies of the sympathetic neurons and to hyperplasia of their pro- 
cesses [5] suggests a link between the phenomenon of polyploidy in neurons and growth processes in the 
nervous system. 
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