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Spec t ra  of mi togenet ic  radia t ion of the r a b b i t ' s  hea r t  studied exper imenta l ly  in vivo show 
that  an unbalanced molecu la r  organizat ion is specif ic  for the s a r c o p l a s m  of i ts  f ibe r s .  An 
i nc r ea se  in vagal  tone i n c r e a s e s  the degree  of o r d e r l i n e s s .  This  phenomenon is r e g a r d e d  
as the f i r s t  s tage of the action of the vagus ne rve  on s t r u c t u r e s  of the hea r t .  

The r e su l t s  of previous  invest igat ions of the s p e c t r a  of mitogenet ic  radia t ion  of ske le ta l  musc l e s  and 
hea r t  musc le  in expe r imen t s  in vivo show that a highly labi le  mo lecu l a r  organizat ion,  maintained by the 
energy  of me tabo l i sm ,  i .e . ,  an unbalanced molecu la r  organizat ion,  is specif ic  for the s a r c o p l a s m  [1-4]. 
However ,  the degree  of o r d e r l i n e s s ,  i .e . ,  p redominance  of an organized o r ,  on the con t r a ry ,  a d isorganized 
s ta te ,  like t he  c h a r a c t e r  of the organizat ion,  evidently v a r i e s  depending on the functional s tate  of the musc le  
s y s t e m s .  This is seen espec ia l ly  c lea r ly  if s p e c t r a  of radia t ion of the hea r t  under no rma l  conditions and 
af ter  pa r t i a l  des t ruc t ion  of its innervat ion are  compared .  At the same  t ime,  individual va r i a t ions  in the 
s p e c t r a  of different  an imals  a re  a lso  obse rved  in a physiological ly  no rma l  s ta te ,  i .e . ,  when the no rma l  in- 
nervat ion  is p r e s e r v e d  and no ex te rna l  f ac to r s  a re  acting.  However ,  compar i son  of all  the findings shows 
that ,  despi te  the i r  var iab i l i ty ,  d i sc re te  types of spec t r a  can be dist inguished,  and it is accordingly poss ib le  
to speak of different  types of organizat ion of the molecu la r  subs t ra te .  In the n o r m a l  s ta te ,  the myoca rd ium 
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Fig. 1. Spect ra  of radia t ion of 
r a b b i t ' s  hea r t  during e l e c t r i c a l  
s t imula t ion  of vagus ne rve  at 
different  s t rengths :  1) ne rve  on 
e l ec t rodes ,  no s t imulat ion;  2) 
s t imulat ion:  0.5 V (subthreshold) ,  
40 Hz, 1 m s e c ;  3) s t imulat ion:  
1 V (threshold),  40 Hz, 1 m s e c ;  
4) s t imulat ion:  1.5 V (above- 
threshold) ,  40 Hz, 1 m s e e .  

is cha r ac t e r i z ed  by bands of average  width, indicating a definite o r -  
de r l iness  of the subs t r a t e .  However ,  this o r d e r l i n e s s  is not max i -  
ma l ,  but is capable  of being inc reased .  

The p redominance  of nar row bands,  indicating a low degree  of 
mo lecu la r  o rde r l i ne s s ,  is typical  of the subs t ra t e  of the m y o c a r d i u m  
a f te r  spinal  and, in pa r t i cu l a r ,  vagal  deaf ferenta t ien  [5, 6]. The p r e -  
sence of wide bands,  i .e . ,  a high level  of o rde r l i ne s s ,  is found when 
the tone of the ne rvous  cen t e r s ,  e spec ia l ly  cen te r s  of vagal  innerva-  
tion, is r a i s e d .  Hence the need for the invest igat ion desc r ibed  be-  
low. 

It mus t  be emphas ized  at once that the concept  of width of the 
band is somewhat  conventional,  because  a wide band mos t  probably  
means  the grouping together  of a la rge  number  of na r row bands,  
whe rea s  the n a r r o w e r  band means  grouping of fewer  na r row  bands.  
However ,  f rom the manner  in which this p a r a m e t e r  of the spe c t r a  is 
seen to depend onthe  cha rac t e r  of the agents used,  the full meaning 
of this not absolutely exact  t e r m  will be c l ea r .  
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Fig. 2. Spectra of radiation from heart of three rabbits during electrical stimula- 
tion of nerve- la, 2a, 3a) nerve on electrodes without stimulation; Ib, 2b, 3b) sti- 
mulation: 0.5 V (subthreshold), 40 Hz, 1 mseco 

Fig. 3. Emission spectra of heart of two rabbits during mechanical and tempera- 
ture stimulation of nerve- in, 2a) nerve on ligature at normal temperature; ib, 
2b) nerve slightly stretched, normal temperature; ic, 2c) same degree of stretch- 
ing of nerve, cooling to I0 ~ 

EXPERIMENTAL METHOD 

Exper imen t s  were  ca r r i ed  out on unanesthet ized rabb i t s .  A smal l  segment  of the vagus nerve  (right 
or  left) was exposed in the neck, and under ar t i f ic ia l  r e sp i r a t i on  the thorax was opened f rom the side and 
pa r t  of the p e r i c a r d i u m  r em oved  opposite the apex of the hea r t .  By gentle t rac t ion  on the edge of the p e r i -  
ca rd ium the hea r t  was centered  wi th  the apex of the left ven t r i c le  in front  of the sl i t  of a quar tz  spec t ro -  
graph ,  and throughout the expe r imen t  i t  was per iod ica l ly  mois tened  with w a r m  physiological  sal ine.  The 
surrounding t i s sues  we re  sc reened .  Biological  de tec tors  of mitogenet ic  radiat ion (a yea s t  cul ture on solid 
nutr ient  m e d i u m ) w e r e p l a c e d  in front  of the outlet sli t  of the spec t rograph  during the exposure .  

EXPERIMENTAL RESULTS 

The spectra were studied during electrical stimulation of the vagus nerve and during slight stretching 
of the nerve produced by a glass tube placed underneath it. In addition, spectra of the heart were recorded 
in the absence  of s t imulat ion of the ne rve .  

In one of the f i r s t  s e r i e s  of expe r imen t s ,  the re la t ionship  between the c h a r a c t e r  of the spec t r a  and the 
in tensi ty  of e l ec t r i c a l  s t imulat ion was es tab l i shed .  Clear  widening of the bands compared  with their  n o rma l  
width for  the pa r t i cu la r  rabbi t  was  obtained in r e sponse  to subthreshold s t imulat ion (0.5 V; Fig. 1). St ronger ,  
but s t i l I  subthreshold s t imulat ion (1 V) caused the a p p e a r a n c e  of s e v e r a l  n a r r o w e r  than n o r m a l  bands.  
Above- th resho ld  s t imulat ion (1.3-1.5 V), causing slowing of the hea r t  or  even its a r r e s t ,  was assoc ia ted  
with st i l l  fur ther  na r rowing  of the bands.  

This s e r i e s  of m e a s u r e m e n t s  is in te res t ing  because  an inc rease  in the degree  of o rde r l i nes s  is spec i -  
fic for the p r i m a r y  change in the subs t r a t e .  The sharp  change ("inflection n) in the p roce s s  occur r ing  during 
s t r onge r  s t imulat ion is probably  connected with the rapid  onset of secondary  p r o c e s s e s .  Fur ther  ex p e r i -  
men t s  were  the re fo re  undertaken with weak subthreshold s t imulat ion of the vagus ne rve  (Fig. 2). The m a r -  
ked widening of the spec t r a l  bands under these  c i r c u m s t a n c e s  is obvious,  despi te  individual d i f fe rences  be -  
tween the control  s pec t r a .  

The s p e c t r a  of radia t ion  of the hea r t  during s t re tch ing  of the vagus ne rve  were  r eco rded  both when 
the t e m p e r a t u r e  of the ne rve  was n o r m a l  and during i ts  cooling to 10~ (cold wa te r  was pa s sed  through the 
tube; Fig. 3). Stretching the ne rve  while it  r ema ined  at the n o r m a l  t e m p e r a t u r e  led to the appearance  of 
wide bands cor responding  in width to the bands obtained during subthreshold e l ec t r i c a l  s t imulat ion.  Cool- 
ing of the nerve  was assoc ia ted  with the appearance  of a s e r i e s  of much n a r r o w e r  bands in the emiss ion  
s p e c t r u m  of the hea r t .  

These  r e su l t s  supplement  those obtained p rev ious ly  [4] and provide  a f i rm  bas i s  for  the concept of 
d i f ferent  types  of s p e c t r a  and an i nc rea se  in the o rde r ly  s ta te  of the molecu la r  subs t ra t e  of the s a r c o p l a s m  
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with an i nc r ea se  in tone of the vagus ne rve .  F r o m  the point of view of molecu la r  p r o c e s s e s ,  the concept  of 
continuity of the t rans i t ion  f r o m  neurop lasm to s a r c o p l a s m  mus t  the re fo re  be introduced.  

Some obse rva t ions  can now be made r ega rd ing  the connection between the phenomena  descr ibed  above 
and e lec t rophys io log ica l  and b iochemica l  data  [7, 8]. In the f i r s t  p lace ,  s t imulat ion of the ne rve  br ings  about 
the l ibera t ion of acetylchol ine f rom i ts  bound s ta te ,  and f r ee  acetylchot ine is a substance  which r e a c t s  unusu- 
al ly rap id ly  with spec i f ic  enzymica l ly  act ive protein~ In other  words ,  the acetylcholine appear ing  through 
s t ruc tu r a l  changes in the subs t ra t e  in turn induces s t ruc tu r a l  (evidently conformationaI)  changes in some 
specif ic  p ro te ins .  Under these c i r c u m s t a n c e s ,  as r e cen t  work  has  shown, the action of acetylchol ine is not 
confined to synapt ic  junctions,  but it is a l so  an es sen t i a l  link in the m e c h a n i s m  of change of pe rmeab i l i t y  of 
cel l  m e m b r a n e s ,  both su r face  and in t race l lu la r .  This m e c h a n i s m ,  m o r e o v e r ,  opera tes  rap id ly  and r e v e r s -  
ibly.  One of the f i r s t  s tages  in the action of acetylchol ine is its combination with r e cep to r  prote in ,  p r e sen t  
in the m e m b r a n e ,  and this is followed by the development  of conformat iona l  changes in pa r t  of the m e m b r a n e .  
The inc rease  in m e m b r a n e  pe rmeab i l i t y  to ions and the i nc rea se  in e l ec t r i ca l  act ivi ty thus a r i s ing  a re  ev i -  
dently secondary  p r o c e s s e s .  F rom the  w r i t e r s '  point of view, it is the leading ro le  of s t ruc tu ra l  changes 
in these p r o c e s s e s  which is of the g r e a t e s t  in te res t .  That  is why a connection mus t  be sought between phe-  
nomena  d i scovered  by different  methods and studied f rom different  points of view. It follows f rom the fo r e -  
going descr ip t ion  that  the main genera l  conclusion to be reached  is that the physiological  "background" of 
the ne rvous  and muscu la r  s y s t e m s  is unquest ionably assoc ia ted  with the continuous fo rmat ion  of labile (dis- 
turbed and res to red)  molecu la r  o rde r l i ne s s ,  which i n c r e a s e s  or d e c r e a s e s  depending on the c h a r a c t e r  of 
the fo rces  applied.  As was ment ioned at the beginning, there  is evidence to show that the labile o r d e r l i n e s s  
of the neu rop la sm and s a r c o p l a s m  m u s t  be desc r ibed  as unbalanced.  Unbalanced molecu la r  constel la t ions 
a re  suppor ted  by the ene rgy  of me tabo l i sm  and, because  of this ,  a re  maintained at a r a i s ed  energy  level .  
Orde r l i nes s  of exci ted molecu les ,  c rea t ing  s y s t e m s  of common energy  levels ,  despite  its dynamic cha rac -  
t e r ,  mus t  faci l i ta te  the sp read  of s ta tes  which a r i s e  locally.  It is in this way that the reac t ion  of the sub- 
s t r a t e  of h e a r t  musc le  f ibers  to changes in the s ta te  of the nervous  sys t em innervat ing the hea r t ,  as men-  
tioned above,* mus t  be r ega rded .  

On the bas is  of the foregoing account, the following hypothesis  appea r s  likely. Weak e l ec t ros t a t i c  i n , e r r  
ac t ions ,  s i m i l a r  to the in te rac t ion  between acetylchol ine and specif ic  p ro te ins ,  a re  es tab l i shed  between mo le -  
cules of act ive acetylchol ine  a r i s ing  through s t imulat ion of the ne rve  and s t ruc tu r a l  e l ements  of the sub-  
s t r a t e .  These  in te rac t ions  cause the constel la t ions to be combined into more  genera l  s y s t e m s  of common 
energy  leve ls .  The continuously mainta ined unbalanced molecu la r  organizat ion gives this p roce s s  i ts  chain 
c h a r a c t e r ,  leading to an i nc rea se  in o rde r l i ne s s  in the hea r t  musc le .  This i nc rea se  in o rde r l i ne s s ,  a s s o c i -  
ated with an undoubted reo r i en ta t ion  of e l ements  in the organized s y s t e m s ,  leads to eonformat ionaI  changes 
in the m o r e  s table  m e m b r a n e  s t r u c t u r e s .  However ,  the rapid  development  of secondary  p r o c e s s e s ,  induc- 
ing reac t ions  of the cont rac t i le  e l emen t s ,  takes p lace  only wi th  an inc rease  in the s t rength  of s t imulat ion.  

It can be concluded f rom the e s s ence  of these r e m a r k s  that the f i r s t  r e su l t  of s t imulat ion of the vagus 
ne rve  is an i nc r ea s e  in mo lecu la r  o rde r l i nes s  in the ne rve  and in the myoca rd ium.  Weaker  but constant  
tone of the vagus ne rve  in the absence  of s t imulat ion is pe rhaps  r e spons ib le  for the initial  and continuous 
fo rmat ion  of the molecu la r  organizat ion.  It is a lso  probable  that unbalanced molecu la r  o rde r l i ne s s  is e s -  
sen t ia l  for the regula t ion  of me tabo l i sm  and, in pa r t i cu l a r ,  it may  play a decis ive  ro le  in the m o r e  economic 
ut i l izat ion of the ene rgy  of oxidative p r o c e s s e s  in the myoca rd ium during an inc rease  in tone of the vagus 
ne rve .  
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*Changes in the emission spectrum of the heart during cooling of a nerve, leading to reversible disturbance 
ofthemolecular orderliness of the neuroplasm, spreading to the sarcoplasm, must be regarded from the 
same point of view ~ 
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