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After  m a s s i v e  injury to the sympathe t ic  nervous  sys tem,  hyper t rophy and polyploidization 
take place  in neurons  of the i n t r amura l  ganglia of the mouse hear t .  The effect  obse rved  is 
a unique response  produced by m a s s i v e  blocking of the sympathet ic  innervat ion.  In r e sponse  
to s t imulat ion of the sympta thet ic  nervous  s y s t e m  no significant changes were  found in the 
DNA content in the neurons  studied. 

Quantitative cy tochemica l  de te rmina t ion  of DNA has demons t ra ted  the widespread  occu r rence  of poly-  
ploid neurons  in different  p a r t s  of the nervous  sy s t em.  Tetraploid  neurons  have been found in the  gangl i -  
onic l a y e r  of the ret ina,  among the Purkinje  cel ls ,  among neurons in the an t e r io r  horns of the spinal cord,  
in spinal  ganglia,  and in ganglia of the sympathe t ic  chain [2, 3, 7, 8, 12]. Compar i son  of polyploid and di- 
ploid neurons  shows that the f o r m e r  have nuclei and cell  bodies  of l a r g e r  volume.  The me tabo l i sm of the 
polyploid cell  co r r e sponds  fully to i ts  i nc reased  m a s s  [4, 5]. The inc rease  in number  of polyploid cel ls  in 
the nervous  s y s t e m  has been shown to occur  in va r ious  compensa to ry  p r o c e s s e s  resul t ing f r o m  death of a 
cons iderable  number  of neurons  [4, 5, 7, 8]. 

This p a p e r  de sc r ibe s  the r e su l t s  of cy tophotometr ic  ana lys i s  of  the DNA content in the nuclei of neurons  
in the in t r amura l  ca rd iac  ganglia of mice  during s t imulat ion of or  injury to the sympathet ic  nervous  sys t em.  

The sympathe t ic  ne rvous  s y s t e m  was s t imula ted  by injecting ne rve  t i s sue  growth fac tor  (NTGF) -- 
a pro te in  p repa ra t ion  isola ted f r o m  the submandibular  sa l iva ry  glands of ma le  mice  - into newborn ani-  
ma l s .  This produces  m a r k e d  hyper t rophy of the bodies of the sympathet ic  neurons  and hypoplasia of the i r  
p r o c e s s e s  [13]. An inc rea se  in the intensi ty of  r ibonucleoprote in  and pro te in  synthesis  is obse rved  in the 
hyper t rophied  neurons .  Polyploidizat ion of the nuclei of some sympathet ic  neurons has been r eco rded  [8, 
9, 13]. 

After  injection of antibodies agains t  NTGF into newborn mice ,  m a s s i v e  se lec t ive  injury to the cell  
population of ganglia of the sympathet ic  chain is obse rved  [10-16]. 

The fact  that exper imenta l  an imals  with different  leve ls  of function of the sympathe t ic  nervous  s y s -  
t em can be produced in this way is of cons iderable  in te res t  on its own account,  but it a lso  enables the r e -  
sponses  to these  changes to be studied in another  component  of the s y s t e m  - the in t r amura l  pa r t .  A di rec t  
r e sponse  of this pa r t  to NTGF has been denied [16]. 

Analysis  of unit r e s p o n s e s  of the i n t r amura l  pa r t  to such powerful  injury to or  hyper t rophy  of the 
sympathe t ic  component  can shed light on the functional re la t ions  between these  pa r t s  of the sys tem,  and the 
investigation desc r ibed  below was c a r r i e d  out for  this purpose .  
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Fig. 1. Histogram of DNA content in in t ra-  
mura l  neurons of heart  of month-old normal  
mice (a) and mice receiving ant iserum against 
NTGF (b), Here and in Fig. 2: abscissa ,  DNA 
content (in ploidy units)~ ordinate, number of 
cells.  

Fig. 2. Histogram of DNA content in in t ra-  
mural  neurons of the heart  of 14-day normal  
mice  (a) and mice receiving NTGF (b). 

E X P E R I M E N T A L  M E T H O D  

NTGF and ant iserum against it were injected subcutaneously into newborn BALB mice.  The mice r e -  
ceived NTGF for  the f i rs t  14 days af ter  birth in a dose of 500 biological uni ts /g  body weight. The antibodies 
were injected on the f i rs t  5 days af ter  birth in doses of 0~ 0.09, 0.1, 0.1,2, and 0.15 ml /g .  Mice of the 
same l i t ter  and kept under the same conditions were used as control.  The mice receiving NTGF were killed 
on the 14th day (immediately af ter  the end of the injection) and those receiving ant i serum against NTGF were 
killed 1 month af ter  birth.  The hearts  of the control and experimental  animals were fixed in a f o r m a l i n -  
e thano l - ace t i c  acid mixture  (3 : 1 : 0.3) and embedded in paraffin wax. Serial sections were cut and the lo- 
calization of the in t ramural  ganglia determined.  In each individual case the thickness of the section was 
measured .  To determine the DNA content in the sections f rom the in t ramural  ganglia the Feulgen reaction 
was ca r r i ed  out under s t r ic t ly  standard conditions. The DNA content in conventional and comparable units 
was calculated as the product of the optical density and the volume of the nucleus. To determine the volume 
the outlines of nuclei were t raced with a drawing apparatus.  The optical density of the nuclei was measured  
with a probe cytophotometer  by the one-wave method [1]. Nuclei with the l a rges t  d iameter  in one of a ser ies  
of sections were  examined photometrical ly.  The DNA content in the nuclei was compared with the diploid 
standard - the DNA content in the nucle i  of small  splenic lymphocytes - and expressed  in ploidy units. Sur- 
vey sections were stained with toluidine blue. 

E X P E R I M E N T A L  RESULTS 

Investigation of the in t racardiac  ganglia af ter  blocking of the sympathetic sys tem by injection of anti- 
s e rum against  NTGF revealed severa l  charac ter i s t ic  pictures .  Nearly all the neurons contain more  than the 
normal  number  of nucleoll (from 2 to 4). Hypertrophy of the bodies of the neurons and glial cells was ob- 
served.  The glia formed dense capsules around the nerve cells.  Whereas normal ly  the cell population of 
the cardiac in t ramural  ganglia can be divided into several  subgroups by the charac te r  of distribution of the 
Niss l ' s  substance, in the present  experiments  near ly  all the neurons had the same type of distribution of 
the tigroid. This type of s t ructural  uniformity suggests increased  functional activity of the neurons of the 
in t ramural  ganglia. Similar conclusions have been drawn by other workers  under different experimental 
conditions [6]. The resul ts  of measurement  of the DNA content in nuclei of the in t ramural  neuron control 
month-old mice are  shown in Fig. la.  Analysis  of the h is togram shows that the overwhelming major i ty  of 
neurons have d ip lo id  nuclei. Few polyploid nuclei are  found in animals of this age; about 15% of the total 
number of neurons have tetraploid nuclei. 
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The re su l t s  of m e a s u r e m e n t  of the DNA content in the nuclei of the in t r amura l  neurons  a f t e r  immuno-  
sympathec tomy revea led  a different pa t te rn  (Fig. lb). Analysis  o f  the h i s tog ram revea l s  a ma rked  differ-  
ence in the distr ibution of DNA com pared  with the control:  the histogr~tm is shifted to the right and mos t  
neurons  of the card iac  in t r amura l  ganglia of the exper imenta l  mice  have polyploid nuclei (tetraploid and 
octaploid).  Only a ve ry  smal l  p ropor t ion  of the total  number  of nuclei m e a s u r e d  were  diploid. The group 
of te t raploid  nuclei was much g r e a t e r  than in the control  an imals .  There  was a l a rge  group of octaploid 
nuclei,  although in the control  group not a single octaploid nucleus could be found. 

Quantitat ive ey tochemica l  de terminat ion of the DNA content thus revea led  ce r ta in  d i f ferences  in the 
cytological  organizat ion of the in t r amura l  neurons  a f te r  injury to the sympathet ic  nervous  sys tem.  

Measu remen t s  of the a r e a s  of the neurons  showed that in the immunosympa thec tomized  mice  the 
ne rve  cell bodies  were  much l a r g e r  (420 • 11.3) than in the control  (318 *9.7). 

Visual  a s s e s s m e n t  of the sect ions  of the i n t r amura l  ganglia f rom animals  of the second exper imenta l  
group receiving NTGF and the control  group showed no significant  morphologica l  d i f ferences  between them. 
The r e su l t s  of m e a s u r e m e n t s  of the DNA content in nuclei of neurons of the in t r amura l  ganglia of the con- 
t ro l  14-day mice  a r e  shown in Fig. 2a. In the an imals  of this age most  neurons  of the in t raca rd iac  ganglia 
were  diploid. 

The h i s togram (Fig. 2b) of the DNA content in the nuclei of the in t raca rd iac  neurons  of mice  receiving 
NTGF show that i t  was a lmos t  indist inguishable f r o m  the h i s togram in Fig. 2 (normal 14-day mice),  i .e. ,  
a f t e r  s t imulat ion of the sympathet ic  nervous  s y s t e m  n o  significant changes could be found in the absolute 
content of DNA in the nuclei of those neurons .  

Mass ive  blocking of the sympathet ic  innervat ion thus induces hyper t rophy and polyploidization in the 
neurons  of the in t raca rd tac  ganglia.  These p r o c e s s e s  and the other  morphologica l  c h a r a c t e r i s t i c s  a r e  
analogous to those obse rved  in the few neurons of the sympathe t ic  chain remain ing  intact a f te r  admin i s t r a -  
tion of the an t i se rum;  a definite morphologica l  analogy can accordingly be drawn between the neurons  of 
the in t r amura l  ganglia and the compara t ive ly  few neurons  of the sympathet ic  chain. 

It can be concluded f r o m  these  exper imen t s  that NTGF has no specif ic  act ion on neurons  of the in t r a -  
mura l  sys t em.  Consequently, the effect  obse rved  a f t e r  admin is t ra t ion  of antibodies against  NTGF is a r e -  
act ion to m a s s i v e  blocking of the sympathe t ic  innervat ion.  The r e su l t s  thus demons t r a t e  rec iproc i ty  be-  
tween the functional act ivi ty  of the i n t r a m u r a l  s y s t e m  of the hear t  and i ts  volume in the corresponding ganglia 
of the sympathe t ic  chain. 
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