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Light -opt ica l  and e l e c t r o n - m i c r o s c o p i c  invest igat ions were  made of the specia l ized  conducting 
s y s t e m  of the r a t  hea r t  at va r ious  t imes  a f te r  vagotomy.  The dynamics  of  the t i s sue  and ce l l -  
u la r  changes a re  desc r ibed .  A m o s a i c p a t t e r n  of  ce l lu lar  r e sponses  was found at all t imes  af ter  
denervat ion in all pa r t s  of  the conducting s y s t e m  and in all  types of specia l ized  ca rd iomyocy tes .  
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The influence of the vagus ne rve s  on morphologica l  indices  for  the pr incipal  pa r t s  of the conducting s y s -  
t e m  (CS) of the hea r t  has  not been studied. However ,  the r e su l t s  of physiological  invest igat ions indicate  that 
the vagus ne rves  help to de t e rmine  the s t ruc tu ra l  c h a r a c t e r i s t i c s  of CS. Knowledge of the c h a r a c t e r  of the 
t i s sue  and ce l lu lar  changes in CS of the m a m m a l i a n  hea r t  a f te r  r igh t - s ided  ce rv ica l  vagotomy is  e ssen t i a l  for 
a global idea of  the influence of the autonomic nervous  s y s t e m  on the s t ruc tu ra l  bas i s  for the function of 
spec ia l ized  myoca rd ia l  cel ls  r e spons ib le  for  c o r r e c t  and harmonious  involvement  of all  the chambers  of the 
hea r t  in the contract ion p roce s s .  This paper  de sc r ibe s  the phenomenon of ce l lu lar  changes in the s inoa t r ia l  
(SAN) and a t r ioven t r i cu la r  nodes (AVN), and the bundle of His (AVB) at i ts  main b ranches  in the r a t  hea r t  on 
the bas i s  of  analys is  of the r e su l t s  of  l ight -opt ica l  and e l e c t r o n - m i c r o s c o p i c  invest igat ions at var ious  t imes  
af ter  vagotomy.  

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

Sexually ma tu re  noninbred male r a t s  weighing 200-250 g were  used. In 12 animals  anesthet ized with 
pentobarbi ta l  (0.05 mg/g body weight) the r ight  vagus ne rve  was isola ted in the neck and a segment  of it 1 cm 
long was r emoved  below the ganglion nodosum. In th ree  animals  the ne rve  was not divided. These r a t s  se rved  
as the control .  Mater ia l  was taken f r o m  the an imals  7, 15, and 30 days af ter  the operat ion.  The hea r t s  of 
th ree  an imals  (one at each t ime) were  used for  l i gh t -mic roscopy  of s e r i a l  sect ions ,  whereas  the hea r t s  f r o m  
the r emain ing  12 animals  were  used for  light m ic roscopy  of semi th in  sect ions and for  e lec t ron  mic roscopy .  
Mater ia l  was fixed in 107o formal in  and embedded in paraf in  wax. Sections 7 ~ th ick were  stained by Van Gief-  
son ' s  o r  C r o s s m o n ' s  methods [4]. Fo r  e lec t ron  m i c r o s c o p y  the hea r t s  were  fixed by perfusion witli 270 glu- 
t a ra ldehyde  and postfixed with 1% OsO 4. The subsequent  s tages  of .dehydrat ion,  embedding,  and cutting and 
staining of sect ions  were  c a r r i e d  out in the usual  manner .  The ma te r i a l  for  examinat ion was located under  
d i r ec t  vis ion as desc r ibed  p rev ious ly  [2, 3], followed by his tological  ver i f ica t ion  of the t i s sue  of the conducting 
s y s t e m  of the hea r t  in semithin  sect ions .  The semithin  sect ions  were  stained with 170 toluidine blue. 

EXPERIMENTAL RESULTS 

At all  t imes  af ter  the opera t ion  vasodi la ta t ion was obse rved  in the conducting myocard ium,  many con- 
nec t i ve - t i s sue  cel ls  appeared,  and the nuclei of the myocytes  and the i r  cy top lasm were  changed. The s t r u c -  
t u ra l  changes in the myocytes  i nc rea sed  in in tensi ty  until 7-15 days a f te r  the opera t ion,  and the i r  no rma l  
s t ruc tu re  was subsequent ly  r e s t o r e d  by the 30th day af ter  r igh t - s ided  ce rv ica l  vagotomy.  Changes in the 
myocy tes  were  e x p r e s s e d  as swelling or  shr inking of( their  nuclei and loss  of c la r i ty  of  the myof ib r i l l a ry  
pat tern .  These changes were  pa r t i cu l a r ly  marked  in the working myoca rd ium,  surrounding the s t ruc tu r e s  of 
the CS of the hear t .  On the whole the intensi ty  of staining of the ca rd iomyocy tes  was reduced,  and as a r e -  
su l t  of  this,  the conducting m y o c a r d i u m  was m o r e  difficult  to dist inguish f rom the surrounding cont rac t i le  
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Fig. 1. Intact  ca rd iomyocy tes  of types I (CM-I) and II (CM-II) 15 days af ter  vagotomy.  
MC) Mitoehondrion; MF) myofibr i l .  Magnification 20,000 ×. 

myoca rd ium , although the d i f ferences  did not d i sappear  complete ly .  For  this r eason  it  was poss ib le  to use  the 
method of his tological  ver i f ica t ion of the ma te r i a l  of the CS of the ra t  hea r t  in semithin  sect ions,  followed by 
t r i m m i n g  of the block around the t a rge t  a r ea  for  e l e c t r o n - m i c r o s c o p i c  study of changes taking place in the 
specia l ized myocard iocy tes  at dif ferent  t imes  af ter  r igh t - s ided  vagotomy.  

Prev ious ly  th ree  different  types of specia l ized  myocytes  were  descr ibed  in different  pa r t s  of the CS of 
the intact  r a t  hear t ;  they were  dist inguished by the i r  set  of four  u l t r a s t r uc tu r a l  fea tures ,  such as the shape and 
size of  the cell ,  the degree  of p rominence  of the myof ib r i l l a ry  sys t em,  and the c h a r a c t e r  of  i ts  organizat ion 
[2, 3]. It  was on the bas i s  of this  c lass i f ica t ion  that the r e su l t s  of the p resen t  invest igat ion were  analyzed. The 
u l t r a s t ruo tu ra l  c h a r a c t e r i s t i c s  of  the control  ma t e r i a l  f r o m  the CS of the hea r t  [7, 15, and 30 days) demon-  
s t ra ted  v e r y  sl ight d i f ferences  f r o m  ma te r i a l  obtained f r o m  no rma l  r a t s  [2] but significant d i f ferences  f rom 
ma te r i a l  f r o m  the CS of the vagotomized ra t s .  In the ea r ly  s tages  (7 days) af ter  the operat ion edema of the 
myoca rd ium was presen t ,  edema fluid accumulated in the in te rce l lu la r  space,  and many blood cel ls  could be 
seen in the in t e r s t i ce s .  The shape of the cel ls  and the cha rac t e r  of the in t r ace l lu la r  organel les  were  changed 
in the specia l ized oard iomyocytes  of all types.  Less  m a r k e d  changes were  p resen t  in the specia l ized ca rd io -  
myocytes  of  type I [2] in SAN and AVB. U l t r a s t ruc tu r a l  changes in the specia l ized type II ca rd iomyocy tes  [2] 
were  manifes ted  as kn i nc rea se  in the i r  pinocytotic activity,  dilatation of the tubules of  the s a roop l a smic  r e t i e -  
ulum, and the appearance  of dense bodies (in SAN, AVN, and AVB). The glycogen content was sharp ly  reduced 
7 days af ter  vagotomy,  as was pa r t i cu la r ly  conspicuous in the type III cel ls  in AVN, AVB, and the r ight  branch 
of AVB. Under no rma l  conditions these  myocytes  were  r ich in glycogen. In the type III ca rd iomyooytes  the 
s a r e o p l a s m  was reduced in s ize and devoid of o rgane l les ;  dilated membrane  prof i les  and dense bodies appeared.  
By the 15th day a f te r  the operat ion the morphology of the myocytes  in CS of the r a t  hea r t  was heterogeneous:  
most  cel ls  had no rma l  u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  (Fig. 1) o r  were  ve ry  sl ightly changed, and a minor i ty  
of  cel ls  showed s eve re  des t ruc t ive  changes (Fig. 2). The sl ight changes were  e x p r e s s e d  as widening of the 
i n t e ro r i s t a l  spaces  of  the mi tochondr ia  and t rans lucency  of  the i r  mat r ix ;  the tubules of the s a r c o p l a s m i c  
re t i cu lum were  v e r y  slightly dilated. All th ree  types  of cel ls  p r e s e r v e d  the mutual  a r r angemen t  of the i r  con-  
tac t s .  Gross  des t ruc t ive  changes were  mos t  cha rac t e r i s t i c  of a few type I cel ls  in AVB and type III cel ls  in 
AVN and AVB (Fig. 2). In these  myocytes  total  damage  to the s t ruc tu re s  of the mi tochondr ia  was obse rved  (to 
the extent Of rupture  of both membranes ) ,  the myof ibr i l s  were  overcont rac ted ,  the i r  myof i laments  were  in-  
dist inct ,  and the in tegr i ty  of the s a r c o l e m m a  was dis turbed or  i ts  continuity was broken.  However ,  at these  
s a m e  t imes  cel ls  with evidence of intensif ied s t ruc tu ra l  me tabo l i sm  were  present .  The number  of dis t inct ly  
outlined ves i c l e s  in the region of the Golgi complex was inc reased  and zones of myof ibr i l  format ion  were  
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Fig. 2. Modi fed  type III ea rd iomyoey te  (CM-III) in bundle of  His 15 days af ter  vagotomy. 
Legend as in Fig. 1. Magnification 54,000 ×. 

v is ible .  In the type I cel ls  the number  of r i b o s o m e s  was inc reased .  It  must  be emphas ized  that the var ious  
cel l  types  in the s ame  region of CS of the h e a r t  va r i ed  in the intensi ty  of the i r  des t ruc t ive  and r egene ra t ive  
changes;  this  was also t rue  of cel ls  of the s ame  type in different  pa r t s  of  CS. By the 30th day af ter  the o p e r a -  
t ion the number  of cel ls  involved in the reac t ion  had inc reased .  Individual myocytes  of types  I and III were  
i r r e g u l a r  and branching in shape. The osmiophi l ia  of  the ca rd iomyocy tes  was a l tered,  and some cells  with 
s t rongly  osmiophi l ic  s a r c o p l a s m  appeared.  The width of the space  between contacting myocytes  was changed. 
Changes in the cel ls  were  e x p r e s s e d  as swelling of individual mi toehondr ia  and the appearance  of myel in- l ike  
s t r u c t u r e s ,  and ~ - p a r t i c l e s  of glycogen, not cha r ac t e r i s t i c  of the myocytes  of the in tact  organ.  Signs of r e -  
genera t ion were  found in some ca rd iomyoey tes .  On the whole, the changes in the specia l ized c 'ardibmyocytes  
of  CS of the ra t  hea r t  fo rmed  a m o s a i c  pat tern ,  as re f lec ted  in var ia t ion  of the intensi ty  of des t ruc t ive  and r e -  
pa ra t ive  changes in different  cel l  types  within the s a m e  pa r t  of CS and for  any one type of specia l ized  myocyte  
in di f ferent  pa r t s  of CS. 

Nervous  control  ove r  t i s sue  nutr i t ion is  known not only to es tab l i sh  an adequate level  of me tabo l i sm  for  
each given moment ,  but also to mainta in  an appropr ia te  s t ruc tu ra l  organizat ion of the cell;  for  that  r eason  a 
d i s turbance  of innervat ion causes  changes in ce l lu la r  u l t r a s t r uc tu r e  [1]. Accordingly,  r igh t - s ided  ce rv ica l  
vagotomy evident ly  leads to an imbalance  between the functional load in the s t ruc tu r e s  of CS of the hea r t  and 
nutr i t ional  provis ion for  that  load. Consequently,  the renewal  of the in t r aee l lu la r  s t r uc tu r e s  is  d is turbed,  i .e . ,  
i n t r ace l l u l a r  physiological  r egenera t ion  is  upset  [1, 5]. U l t r a s t ruc tu ra l  changes obse rved  in the specia l ized  
ca rd iomyocy te s  of CS of the ra t  hea r t  a r e  evidently the resu l t  of d i s tu rbances  in the metabol ic  s y s t e m  of the 
cell ,  which was exposed to the action of: a) d is turbance  of the nervous  control  of  nutr i t ion (a change in the 
h o r m o n a l - m e d i a t o r  background);  b) d i s turbance  of the c i rcula t ion af ter  vagotomy (changes in the supply of 
nutr ients  and oxygen); c) in te r s t i t i a l  edema  (changes in the ion -e lec t ro ly te  balance of the cell ,  mechanica l  
c o m p r e s s i o n  by edema  fluid). The c h a r a c t e r  of  the u l t r a s t r u c t u r a l  changes in the conducting cel ls ,  and also 
in the working m y c a r d i u m  [5, 6], i s  in all probabi l i ty  nonspeeif ic  in c h a r a c t e r  and composed of r e v e r s i b l e  and 
i r r e v e r s i b l e  changes.  The la t t e r  were  v is ib le  on the i5 th  day a f te r  the opera t ion  but were  not found e a r l i e r  
o r  l a t e r  (possibly on account of  death of  the r e spec t ive  cells) .  The dynamics  of  the u l t r a s t r u c t u r a l  changes was 
thus e x p r e s s e d  as p redominance  of edematous  and des t ruc t ive  p r o c e s s e s  in the ea r ly  per iod af ter  the opera t ion 
and a subsequent  i nc r ea se  in the in tens i ty  of compensa to ry  and r egene ra t ive  p r o c e s s e s .  The c h a r a c t e r  of the 
reac t ions  of components  of  CS in the r a t  hea r t  to division of the r ight  vagus ne rve  was heterogeneous .  This 
he te rogene i ty  was e x p r e s s e d  as d i f fe rences  in the in tensi ty  of  des t ruc t ive  and r egene ra t ive  reac t ions  in d i f fe r -  
ent pa r t s  of  CS (in SAN, ANV, AVB, and i ts  main branches)  for  d i f ferent  cell  types  (special ized ca rd iomy0cytes  
of  types  I, l-I, and III) and for  the s a m e  cel l  type in di f ferent  pa r t s  of  CS. 
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