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DNA C O N T E N T  IN I N T R A C A R D I A L  N E U R O N S  

O F  I N T A C T  A N D  D E S Y M P A T H ! Z E D  R A T S  
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The DNA content in the nuclei  of the in t racardia l  neurons of intact r a t s  and of r a t s  with a 
sharply reduced number  of neurons in the sympathetic ganglia following injection of guan- 
ethidine during the f i r s t  14 days after  bir th,  was investigated cytospect rophotometr ica l ly .  
The study of the DNA content in the nuclei of these neurons in intact animals  during ear ly  
postnatal  ontogeny revea led  the appearance  of a cer ta in  percentage of cells with an inc reased  
DNA content in the nuclei in r a t s  weighing 100-300 g. A marked  increase  in the percentage  
of cells  with an increased  DNA content was observed in desympathized animals  weighing 
300 g. The observed increase  in the DNA content in the nuclei of the in t racardiaI  neurons 
during postnatal  ontogeny in ra t s  under normal  conditions and after  desympathizat ion may be 
conjectural ly  at tr ibuted to the appearance of in t racardia l  cholinergic s t ruc tu res .  
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The cytophotometr ic  study of the DNA content in neurons has revea led  a cons iderable  distr ibution of 
polyploid neurons in various par ts  of the CNS. 

The autonomic nervous  system has rece ived  very  little study in this respec t .  However,  the p resence  
of polyploid fo rms  has been demonst ra ted  among the neuron population of the super ior  cerv ica l  ganglion 
of rabbi ts  [10] and the in t ramura l  ganglia of the mouse hear t  [6]. 

Investigations of the cells  in various par ts  of the nervous sys tem,  as well as in other highly differ-  
entiated t i ssues ,  have shown that polyploidization takes place regu la r ly  in a cer ta in  per iod of postnatal  
ontogeny [2, 4, 18]. Some workers  emphasize  the fact  that a change in the conditions of ontogeny can exert  
a significant effect on the convers ion  of the cel ls  into the polyploid state [2]. 

The DNA content in neurons of the in t ramura l  ganglia of the hear t  was studied in intact r a t s  at var ious 
s tages of postnatal  ontogeny and in ra t s  with a sharply reduced number of neurons in the ganglia of the 
la tera l  sympathet ic  chain as the r e su l t  of chemical  desympathization.  

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

Noninbred albino ra t s  were used. Mater ia l  was taken from intact newborn ra t s  and ra t s  weighing 50, 
100, 200, and 300 g and f rom desympathized animals  weighing 300 g. 

Pa r t i a l  desympathiz.ation was ca r r i ed  out by daily subcutaneous injections of guanethidine (15 mg/kg) 
into newborn ra t s  for the f i rs t  14 days af ter  bir th [14, 16]. The degree of desympathizat ton was determined 
by calculating the ra t io  between the number  of cells  in the stellate ganglion of the desympathized animals  
and their  number  in the intact control .  
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Fig. 1. DNA content in nuclei of in t racardia l  neurons of intact and desym-  
pathized r a t s  (combined h i s tograms  for 3 animals) :  a) newborn intact r a t s ;  
intact r a t s  weighing b) 50 g, c) 100 g, d) 200 g, e) 300 g; f) desympathized 
r a t s  weighing 300 g (150 cells ,  level of desympathizat ion not more  than 30%). 
Abscissa ,  DNA content (in conventional units); ordinate,  percentage of nuclei 
with a given DNA content compared  with the total number of nuclei investi-  
gated for that age group. 

DNA was determined quantitatively in the nuclei by a cy tospect rophotometr ic  method using the 
"Shimadsu n universa l  spect rophotometer  at  a wavelength of 540 nm. Sections 20/~ in thickness,  stained by 
Feulgen 's  method, were used for photometry.  Sections of this thickness were chosen because  it is g rea te r  
than the l a rges t  d iameter  of the nuclei of the neurons to be investigated, so that only those nuclei that lay 
prac t ica l ly  ent irely in the thickness of a given sect ion could be examined photometr ical ly .  The e r r o r  con- 
nected with photometry  of sect ions was thereby substantially reduced [17]. 

The DNA content in conventional units was calculated as the product of the optical density of the nu- 
cleus and the a rea  of its g rea tes t  c ros s - sec t ion .  The a rea  was determined as the product of the maximal  
and minimal  radi i  of a c r o s s - s e c t i o n o f  the nucleus drawn by means of a drawing apparatus.  

�9 The k 2 c r i t e r ion  was used to a s s e s s  the s tat is t ical  significance of the difference between the histo-  
g r ams  obtained [5]. 

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

The resu l t s  of measu remen t  of the DNA content in the nuclei of neurons of the in t ramural  ganglia of 
intact animals  a re  given in Fig. l a - e .  Compar ison of the h i s tograms  shows that in r a t s  weighing 100 g a 
cer ta in  percentage  of cel ls  with an increased  DNA content in their nuclei compared  with cells  of the newborn 
animals  appears  for the f i rs t  t ime. The difference was s tat is t ical ly significant (P < 0.01). Cells of this 
type were  found also in 2 of the 3 animals  investigated weighing 100 and 300 g. 

The resu l t s  of investigation of the nuclei of nerve  cel ls  of r a t s  weighing 300 g, rece iv ing  guanethidine 
injections during the f i r s t  14 days af ter  bir th,  a re  given in Fig. lf. Compar ison of these h i s tograms  with 
those of intact animals  of the same weight (Fig, le) indicates a significant increase  in the percentage of 
cells  with a high DNA content in the nuclei in the desympathized ra t s  (P < 0,01). 

The resu l t s  indicate that polyploid fo rms  can be found among neurons of the in t ramural  zone of the 
autonomic nervous sys tem,  as well as among neurons of the sympathetic ganglia and cer ta in  par ts  of the 
DNA. 

On the basis  of the resu l t s  of a compar i son  of cer ta in  pa r ame te r s  of diploid and polyploid somatic 
cells it has been postulated that cells with an increased  DNA content have a higher functional potential 
[2, 3]. It has also been shown that an increase  in the DNA content in the nuclei  of neurons during the onto- 
geny of cer ta in  par ts  of the ne rvous  sys tem coincides with the period of mos t  rapid growth of the axons 
and dendrites and with the acquisit ion of morphological  fea tures  charac te r i s t i c  of the cells  of adult animals  
by the per ikarya  [15, 19]. 

With this in mind an at tempt was made to compare  the resu l t s  of the present  experiments  with data 
in the l i te ra ture  on the format ion  of the nervous regulat ion of the hear t  during postnatal  ontogeny. 
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Invest igat ions  have shown that  in m a m m a l s  the re  is a shift  with age f rom s y m p a t h e t i e - a d r e n e r g i c  
m e c h a n i s m s  of regula t ion  of ca rd iac  ac t i v i t y to  vaga l -cho l ine rg ic  m e c h a n i s m s  [1, 11]. The absence  of vagal  
influences on the hea r t  in an ima l s  immed ia t e ly  a f t e r  b i r th  is connected by these  w o r k e r s  with the absence  
of vagal  tone at  that  age and with the i m m a t u r i t y  of the pe r iphe ra l  nervous  sy s t em [9]. In fact ,  morphologica l  
invest igat ions of the cel l  compos i t ion  of the i n t r a m u r a l  ganglia of the hea r t  in pos tna ta l  ontogeny have shown 
that  in newborn m a m m a l s  they cons i s t  l a rge ly  of a l m o s t  and comple te ly  undifferent ia ted cel ls .  Not until 
the age of 1.5 months  do m o s t  neurons of the in t r aca rd i a l  ganglia come  to r e s e m b l e  the ce l l s  of adult ani-  
m a l s .  The final fo rmat ion  of the m i c r o s t r u c t u r e  of these  ce l l s  is comple ted  by the t ime  of sexual  ma tu r i ty  
[7, 12]. Krolddna [9], who studied the level  of cho l ine s t e r a se  act ivi ty  in neuron bodies  and p lexuses  of the 
i n t r amura l  appara tus  of the hea r t ,  showed that the constant ly  high level  of cho l ine s t e r a se  act ivi ty  c h a r a c -  
t e r i s t i c  of the cel ls  of adult an ima l s  is not es tab l i shed  until the age of 1.5-2 months .  

The i nc rea se  in the DNA content in the in t raca rd ia l  neurons  of r a t s ,  as  the p re sen t  invest igat ion 
showed, takes  place  at about 1.5 months ,  i .e. ,  a t  the s a m e  t ime  as the s t ruc tu ra l  changes desc r ibed  above.  
This  coincidence  sugges t s  that  the obs e rved  inc rease  in the DNA content  in the neurons  of the i n t r a m u r a l  
ganglia of the h e a r t  during ontogeny of n o r m a l  r a t s  m a y  be connected with the fo rmat ion  of in t r aca rd ta l  
ne rvous  s t r u c t u r e s  pa r t i c ipa t ing  in the chol inergic  m e c h a n i s m s  control l ing ca rd iac  activit~y. 

Cons ider ing  the views e x p r e s s e d  above on the c h a r a c t e r  of fo rmat ion  of the nervous  regula t ion  of 
ca rd iac  ac t iv i ty  in ontogeny, it may be expected that  desympath iza t ion  of newborn an imals  would c r e a t e  ab-  
no rma l  conditions for  the fo rmat ion  of the vaga l -cho l ine rg ic  component  of the nervous  appara tus  of the 
hear t .  

Accord ing  to data given by Olson and Malmfor s  [20], desympath iza t ion  leads to i nc reased  p r o l i f e r a -  
tion of f ibers  of pa r a s ym pa t he t i c  na ture  in the denerva ted  region.  Volkova et al.  [6], when a s s e s s i n g  the 
morpholog ica l  r eac t ion  of i n t r amura l  neurons  of the mouse  hear t  to des t ruc t ion  of the sympathe t ic  ce l l s  by 
ant ibodies  aga ins t  ne rve  growth fac tor ,  obse rved  that  the ne rve  cel ls  they studied were  hyper t rophied .  
With these  obse rva t ions  in mind it can be expected that  p r o c e s s e s  of hyper t rophy  of the in t r aca rd ia l  
chol inergic  s t r u c t u r e s  in ea r ly  postnata l  ontogeny taking place under n o r m a l  conditions (and, accord ing  to 
the r e s u l t s  of the p r e s en t  expe r imen t s ,  coinciding with an inc rease  in the DNA content  in some in t raca rd ia l  
neurons)  should be intensif ied a f te r  desympathiza t ion .  In that case  the inc rease  in the number  of ne rve  
ce l l s  with an inc reased  DNA content in the in t r aca rd i a I  ganglia obse rved  in the desympath ized  r a t s  in the 
p r e sen t  expe r imen t s  could be conjec tura l ly  a s soc ia t ed  with the intensif icat ion of growth of the chol inergic  
components  of the in t r aca rd ia l  ganglia under  the conditions obse rved .  

An a l t e rna t ive  hypothes is  would be that  the change in the DNA content  in the expe r imen t s  desc r ibed  
concerned  the a d r e n e r g i c  ne rve  cel ls ,  the p r e s e n c e  of which in the in t r aea rd ia I  ganglia has  been demon-  
s t r a t ed  in r e c e n t  y e a r s  by a number  of w o r k e r s  [8, 13]. It will be difficult,  however ,  to expect  that  the 
number  of neurons  of  this type in the hea r t  could be la rge  and, for that  r ea son ,  this a l t e rna t ive  s e e m s  un- 
likely. 
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