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In e x p e r i m e n t s  on dogs a tendency toward a d e c r e a s e  in weight  of the ve n t r i c l e s  and in the th ickness  
of the i r  wal l s  was o b s e r v e d  18 days  a f t e r  vago - sympa the t i c  denervat ion  of the hear t .  A s ignif icant  dec rea se  
in d i a m e t e r  and a r e a  of c r o s s  sec t ion  of the musc le  f ibe r s  of the v e n t r i c u l a r  myoca rd ium and in the vol-  
ume of the nucle i  of the musc le  ce l l s  was found. 

We have p r ev ious ly  shown that  pro longed pha r m a c o l og i c a l  p a r a s y m p a t h e t i c  block by means  of a t r o -  
pine and banthine b romide  causes  a modera t e  d e c r e a s e  in weight of the h e a r t  in r a t s ,  with a d e c r e a s e  in 
th ickness  of the v e n t r i c u l a r  wal l s  and an i n c r e a s e  in number  of f i be r s  with s m a l l  c r o s s  sect ion compared  
with cont ro l s  [1, 2, 11]. P h a r m a c o l o g i c a l  b locking of vagal  inf luences a l so  l a r ge l y  p reven ted  the onset  of 
hype r t rophy  of the h e a r t  caused  by pro longed phys ica l  exe r t i on  in the form of swimming [2]. We explained 
these facts  by exc lus ion  of vagal  inf luences on p r o c e s s e s  of r e s y n t h e s i s  in the hea r t  musc le .  Although gen- 
e r a l l y  speaking  we obtained ident ica l  r e su l t s  during appl ica t ion  of two d i f ferent  types of p a r a s y m p a t h i c o l y t i c  
drugs ,  we n e v e r t h e l e s s  could not comple te ly  rule out the pos s ib i l i t y  that  these p r e p a r a t i o n s  have a non- 
spec i f i c  toxic act ion on the myoca rd ium.  

In the p r e s e n t  inves t iga t ion  we the re fo re  s tudied the a f t e r - e f f e c t s  of su rg i ca l  denervat ion  of t hehea r t .  

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

Observa t ions  were  made on 34 male  dogs (mean weight 17 kg), hal f  of which were  used as  cont ro ls .  
Select ive  su rg i ca l  denerva t ion  of the h e a r t  as de sc r ibed  by ~e rn~  and Ol~h [4] was c a r r i e d  out on 17 dogs. 
This method cons i s t s  of r emova l  of al l  the s u p r a c a r d i a l  ne rves  leaving the two s te l l a te  gangl ia  and the 
v a g o - s y m p a t h e t i c  t runks ,  and pa r t i c i pa t i ng  in the innerva t ion  of the h e a r t  through the p r e t r a c h e a l  plexus.  
The vagus nerve  t runk r e m a i n e d  intact ,  p revent ing  the onset  of degenera t ive  changes in o ther  o rgans  sup- 
p l ied  by the vagus ne rves .  A de ta i led  account of the method is  given e l s ewhere  [3]. The e f fec t iveness  of 
c a r d i a c  denerva t ion  was ve r i f i ed  by e l e c t r i c a l  s t imula t ion  of nerve t runks and by the a t ropine  t es t  [5]. 

The an ima l s  were  s a c r i f i c e d  18 days a f te r  denervat ion  of the hea r t .  The hea r t s  were  weighed a f te r  
s e pa ra t i on  f rom the ao r t a  at a point  1 cm from i ts  junction with the left  ven t r i c l e ,  and a f t e r  sepa ra t ion  
f rom the p lumona ry  a r t e r y  i m m e d i a t e l y  beyond the b i furca t ion .  The th ickness  of the v e n t r i c u l a r  wal l s  was 
m e a s u r e d  at  the same  p lace  in each  case  (margo acutus and m a r g o  obtusus).  The hea r t s  of 8 control  and 8 
e x p e r i m e n t a l  an ima l s  were  inves t iga ted  h i s to log ica l ly .  Ma te r i a l  was taken f rom the r ight  p a p i l l a r y  muscle  
of the r ight  ven t r i c l e  at  the b o r d e r  between the middle  and apica l  th i rds ,  pe r pe nd i c u l a r l y  to the long axis  of 
the m u s c l e s .  

The s a m p l e s  of m a t e r i a l  were  fixed in neu t r a l l 0% fo rma l in  and embedded in paraf f in  wax. Sections 
were  cut to a th ickness  of 8 p and s ta ined  w i t hhe m a t oxy l i n - e os i n .  The sec t ions  were  p laced  in a Ze iss  mi -  
c r o p r o j e c t o r  and with a magni f ica t ion  of 1650x the out l ines  of 100 f i be r s  in each sect ion were  t r aced .  The 
a r e a  of c r o s s  sec t ion  of the f ibe r  was ca lcu la ted  f rom the longitudinal  and t r a n s v e r s e  m e a s u r e m e n t s  of the 
f iber  us ing the fo rmula  for  a r e a  of an e l l i p se .  To r e p r e s e n t  the r e s u l t s  g raph ica l ly ,  we used Hin tsche ' s  
method [9], in which individual  c l a s s e s  of va lues  of the a r e a  a re  p lot ted  along the a b s c i s s a  on a l oga r i t hmic  
sca le  and the i r  f requency in p e r c e n t  along the ord ina te .  The symbol  k/2  denotes the mean a r e a  of sec t ion  
of musc le  f ibe r s  of the control  an ima l s ,  K / 4  i ts  half  value,  and K twice the mean value. 

Depar tment  of E x p e r i m e n t a l  Pathology,  J. A. Komensky Medical  Univers i ty ,  B r a t i s l a v a ,  Czechos lo-  
vakia  (P r e sen t ed  by Act ive  Member  of the Academy  of Medical  Sciences  of the USSR A. P. Avtsyn).  T r a n s -  
la ted  f rom Byulleten T ~ k s p e r i m e n t a P n o i  Biologii  i Medi ts iny ,  Vol. 66, No. 8, pp. 26-29, August,  1968. Or ig i -  
nal  a r t i c l e  submi t ted  Sep tember  12, 1967. 
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T A B L E  1. Quan t i t a t i ve  C h a r a c t e r i s t i c s  of M o r p h o l o g i c a l  Changes  A f t e r  D e n e r v a t i o n  of the t t e a r t ,  M 2 m 

Group  of 
a n i m a l s  

Con t ro l  
E x p e r i m e n t a l  
P e r c e n t  of 

change  

We igh t  of 
h e a r t  (in g) 

117.7 • 

114.0 • 

- 3 . 1 4  

Relative 

weight of 

heart 

7.35 • 0.185 
6.42 • 0.224 

- 1 2 . 6  

T h i c k n e s s  of v e n t r i c u l a r  
w a l l s  (in mm) 

le f t  

1 1 . 9 •  0.287 
11.0 • 0.326 

- 7.64 

right 

6.1 • 0.270 

5.5 i 0.214 

- 9.68 

A r e a  of cross section of ven- 

tricular muscle fibers (in # 2) 

l e f t  

16.56~ 0.535 

13.10 • 0.314 

- 20.89 

r i g h t  
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- 17.40 
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Fig. I. Curves of distribution of areas of cross section of mus- 

cle fibers in left (A) and right (B) ventricles, i) Control; 2) ex- 

perimental animals. Abscissa, area of cross section of fibers 

(in it2); ordinate, number of fibers (in percent). 

Other histological sections were stained with Heidenhain's hematoxylin. Under a total magnification 

of 2,880 • the outlines of i00 nuclei in each section were traced. Using the formula for an ellipsoid of 

rotation, their volume was calculated from the longitudinal and transverse dimensions of their outlines. 

The results were recorded graphically as described above. 

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

The a b s o l u t e  and r e l a t i v e  we igh t  of the d e n e r v a t e d  h e a r t  had a t endency  to d e c r e a s e ,  a l though the d i f -  
f e r e n c e  b e t w e e n  the c o n t r o l  and e x p e r i m e n t a l  g r o u p s  was  not  s t a t i s t i c a l l y  s i gn i f i c a n t .  The s a m e  t endency  
was  shown by c h a n g e s  in the t h i c k n e s s  of the w a l l s  of the c a r d i a c  v e n t r i c l e s .  The m e a n  t r a n s v e r s e  d i a m -  
e t e r  of the m u s c l e  f i b e r s  (Table  1) fe l l  s i g n i f i c a n t l y  (P ~ 0.001). The d e c r e a s e  in t h i c k n e s s  of the f i b e r s  and 
d e n e r v a t i o n  of the h e a r t  was  s een  m o r e  c l e a r l y  s t i l l  when t h e i r  c r o s s - s e c t i o n a l  a r e a s  w e r e  i n v e s t i g a t e d .  
It i s  c l e a r  f r o m  F ig .  1 tha t  in a n i m a l s  with v a g o - s y m p a t h e t i c  d e n e r v a t i o n  of the h e a r t  the n u m b e r  of t h inne r  
f i b e r s  i n c r e a s e d .  

A f t e r  d e n e r v a t i o n  of the h e a r t  the n u c l e i  of the v e n t r i c u l a r  m u s c l e  c e l l s  a l so  d e c r e a s e d  (P ~ 0.001 ; 
F ig .  2). 

A f t e r  s u r g i c a l  v a g o - s y m p a t h e t i c  d e n e r v a t i o n  of the h e a r t  we thus o b s e r v e d  the s a m e  p h e n o m e n o n  as  
a f t e r  p h a r m a c o l o g i c a l  p a r a s y m p a t h e t i c  b lock ing ,  r e s e m b l i n g  s i m p l e  p o s t d e n e r v a t i o n  a t r o p h y  of s k e l e t a l  
m u s c l e  in T o w e r ' s  c l a s s i f i c a t i o n  [12]. The m o s t  conv inc ing  r e s u l t s  w e r e  those  ob ta ined  by  i n v e s t i g a t i o n  of 
the a r e a s  of c r o s s  s e c t i o n  of the f i b e r s ,  i ndependen t  of the p r e s e n c e  of fa t ty  o r  connec t ive  t i s s u e  [10]. The 
fac t  that  no l i n e a r  r e l a t i o n s h i p  could  be e s t a b l i s h e d  b e t w e e n  the d e c r e a s e  in t h i c k n e s s  of the m u s c l e  f i b e r s  
and the d e c r e a s e  in t h i c k n e s s  of the  v e n t r i c u l a r  w a l l s  i s  p r e s u m a b l y  e x p l a i n e d  on the b a s i s  that  a f t e r  d e n e r -  
vat• of the h e a r t  the con ten t  of i n t r a c e l l u l a r  f lu id  f a l l s  (on the a v e r a g e  by  9%), whi le  e x t r a c e t l u l a r  f luid 
a c c u m u l a t e s .  T h e s e  changes  a r e  p a r t l y  r e s p o n s i b l e  fo r  the d e c r e a s e  in vo lume  of m u s c l e  f i b e r s  a f t e r  de -  
n e r v a t i o n  of the h e a r t .  

847 



yo A 
20 

t g A , '  
t J'/\, 
1.57 8..~ /Z8 35.6 

15 

I0  

B 

,A / ; 

d" 
r 

2/ z 

r~ / 
I q I I Y "~ 

Z/ Z2 I~,,~ 28,8 

Fig. 2. Curves  of dis t r ibut ion of volume of nuclei of hea r t  
musc le  cel ls .  Absc i s sa ,  volume (in p2). Remainde r  of leg-  
end as in Fig. 1. 

Bes ides  typical  morphologica l  changes,  changes in prote in  me tabo l i sm also par t ic ipa te  in denervat ion 
a t rophy of ske le ta l  musc le  [6, 8, 13]. Invest igat ion of the denervated  myoca rd ium showed that the total 
prote in  content fell  by only 2.8%, the ac tomyos in  content fell by 3.65~0, while the content of s t roma l  pro te ins  
r emained  unchanged. Hence, in the stage a f te r  denervat ion which we studied, the dec rease  in prote in  con- 
tent in the musc le  f iber  did not play an essen t ia l  role  in the dec rea se  in volume of the f ibers .  

After  denervat ion of ske le ta l  musc le  the nuclei of the musc le  cel ls  e i ther  shr ink and b r eak  up or  
swell ,  and s o m e t i m e s  undergo lys i s  [7]. After  denervat ion of the hea r t  we observed  only the f i r s t  type of 
change in the nuclei ,  i .e. ,  shrinking. The DNA content did not fall  a f t e r  denervat ion but, on the c o n t r a r y , i t  
rose  slightly (by 6.99% in the musc le  of the left  vent r ic le  and by 10.14% in the musc le  of the r ight  ventr ic le) .  
This means  that the dec r ea s e  in nuc lear  volume took place as a resu l t  of condensation of chromat in ,  as 
was conf i rmed by inves t iga t ionof  the u l t r a s t r uc tu r e  of the denervated  myoca rd ium [3]. 

In con t ras t  to DNA, the RNA content fell  a f t e r  denervat ion of the hear t ,  with a cor responding  inc rease  
in the DNA/RNA rat io.  The pycnotic  nuclei with condensed chromat in  r e p r e s e n t  a cer ta in  stage of dener -  
ra t ion  of the nucleus.  This fact ,  like the obse rved  dec rease  in content of RNA, which plays an essen t i a l  
role in synthes is  of the pro te in  molecule ,  shows that a f te r  vago - sympa the t i c  denervat ion of the hea r t  p e r -  
s i s t ing  for  a cons iderable  t ime,  t rue  pos tdenerva t ion  a t rophy of the myoca rd ium may develop. This state 
is c h a r a c t e r i z e d  not only by quanti tat ive,  but also by quali tat ive changes in the histological  s t ruc tu re  of the 
musc le  f ibe r s  a r i s ing  as a resu l t  of the dis turbance of prote in  resyn thes i s .  

The r e su l t s  descr ibed  conf i rm the view that the nervous  s y s t e m  plays  an impor tan t  role in the regula -  
tion of p r o c e s s e s  mainta ining the adequate m a s s  of the hea r t  musc le .  
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