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Multicellular formations responsible for the generation of spontaneous pacemaker activity were 
found in the cusps of the atrioventrieular valves of the rabbit heart by means of a microelec- 
trode technique and electron microscopy. Cells of different morphological structure were 
found: P cells, cells of the Purkinje type, and transitional cells. These formations were found 
to have a rich innervation, mainly cholinergic in nature. Definite correlation was found between 
the morphological structure and electrophysiologieal parameters of these cells. 
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Work on pacemaker activity in the atrioventricular valves of the dog [ 12] and monkey [14] heart has re- 
cently been published. The present writers found lasting pacemaker activity in the atrioventricular valves of 
the rabbit heart [2]. This activity is characterized by the presence of spontaneous action potentials (AP) with 
slow diastolic depolarization (SDD), and it is due mainly to the functioning of the slow sodium-calcium channel. 

The pacemaker formations of the mammalian heart are characterized by a definite morphological struc- 
ture: by the presence of P cells, cells of the Purkinje type, and transitory or intermediate cells [ 7, 8, 10]. 
Formations of this type in the atrioventricular valves had not been found previously, although there is morpho- 
logical evidence that they contain nervous and myocardial elements [ 3, 4, 6]. 

In the investigation described below a multicellular morphofunctional complex responsible for the gener- 
ation of spontaneous pacemaker activity in the atrioventricular valves of the rabbit's heart was found and is 
described for the first time. 

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

The hear t  was r emoved  f rom 72 rabbi t s  under urethane anesthesia ,  the left and r ight  ven t r ic les  were  
opened, and the cusps  of the a t r ioven t r i cu l a r  va lves  excised.  The spontaneously cont rac t ing  p repa ra t ions  were  
per fused  with T y r o d e ' s  solution of the following composi t ion (in mM): NaC1 137, KC1 2.7, CaC12 1.8, MgCl 2 1.0, 
NaHCO 3 12, NaH2PO 4 0.4, glucose 5.5. The solution was oxygenated with a gas mixture  containing 95% O 2 and 
5% CO2; the pH of the solution was 7.4 and its t e m p e r a t u r e  36-37~ The membrane  potent ials  of the pace -  
maker  ce l l s  were  der ived  by g lass  mic roe l ec t rodes  by the method used previous ly  [2].  The e lec t rophys io log i -  
cal  c h a r a c t e r i s t i c s  of the p a c e m a k e r  cel ls  were  studied in 100 p repa ra t ions  of the a t r ioven t r i cu la r  valves:  the 
f requency of spontaneous AP, the i r  shape, the magnitude of the overshoot ,  and the levels  of the c r i t i ca l  and 
maximal  diastol ic  potentials .  

Regions of the valves  (30 prepara t ions)  in which p a c e m a k e r  act ivi ty was detected e lec t rophys io logica l ly  
were  invest igated in the e lec t ron  mic roscope .  Mate r ia l  was fixed in buffered osmic  acid solution, dehydrated,  
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Fig. 1. Structure of pacemaker  formation in a t r ioventr icular  valve of rabbit heart:  a) local pace-  
maker formations in cusp of valve: endothelium above, followed by fibrous layer  and two c lus ters  
of muscular  type in s t roma  of valve, consist ing of loose connective t issue (70x); b) P ceils 
(6000• c) t ransi t ional  cells  (9000• d) cells of Purkinje type (12,000x). Here and in Fig. 2: 
MF) myofibrils ,  MC) mitochondria; N) nucleus. 

and embedded in Araldite. The required a rea  was visualized through the whole surface of the block by the 
direct  vision u l t r amic ro tomy method in semithin sections as c lus ters  of cells of muscular  type, in the region 
of which the block was then t r immed to a pyramid in order  to obtain ultrathin sections.  The sections were 
stained and examined in the IEM-100-B electron microscope with a magnification of 5000-40,000 t imes.  

EXPERIMENTAL R E S U L T S  

Under the light microscope, in semithin sections, individual clusters of ceils of muscular type were re- 

vealed in the stroma of the valves, which consisted of loose connective tissue, in those areas in which pace- 

maker activity was found eleetrophysiologically (Fig. la). Examination in the electron microscope revealed 
cells of varied morphological structure in these formations. 

Some cells were large (5-10 ~ in diameter), with a large, central nucleus and pale cytoplasm, on account 
of the small number of intracellular organelles (Fig. ib). Solitary mitochondria with a pale matrix and a few 
cristae were observed in the cytoplasm of these cells; the individual contractile elements or myofilaments 

were arranged haphazardly or as small bundles without any characteristic cross striation. The sarcoplasmic 
reticulum was poorly developed. No transverse T system was present. Contact between the ceils was estab- 

lished through simple approximation of their plasma membranes, which were separated by a distance of 
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Fig. 2. Appearance of intercel lular  contacts and innervation of pacemaker  formation in atr ioven- 
t r icu la r  valve of rabbit  heart :  a) desmosomal  type of contact (arrow) between two transi t ional  
cells  (35,000• b) intercalated disk (arrow) separat ing two cells of t)urkinje type (20,000• 
c) nerve fiber (arrow) close to ceils of Purkinje type (10,000)<); d) nerve ending of cholinergic 
nature close to pacemaker  cells (45,000x). 

70-200 ,~. Specialized intercel lular  junctions in the form of desmosomes  were less frequent. Cells of this 
type were re la t ively infrequent, only occasionally were two to five ceils observed together,  and as a rule they 
were situated in the depth of the formation. The charac te r i s t i c s  of the intraeellular  and intercel lular  organiza-  
tion of the ceils  of this type suggest that they can be identified with the pale cells that were f i rs t  found in the 
s inoatr ial  node of the mammal ian  hear t  and called P cells [7]. 

Cells of a different type, found mainly in the surface parts  of the c luster  of muscle cells, also were few 
in number and were charac te r ized  by a different morphological  s t ructure  (Fig. le ,  d). These cells were large 
(over 15 ~ in diameter)  and had a central  nucleus. Nearly all their  cytoplasm was filled with numerous bundles 
of myofibr i ls  with charac te r i s t ic  c ross  striation. Mitochondria with numerous cr i s tae  were arranged in chains 
between the myofibrils .  The longitudinal L sys tem of the sa rcoplasmic  ret iculum was well developed in the 
cells,  whereas the t r ansver se  T sys tem as a rule could not be seen. Numerous granules of glycogen and a well-  
developed Golgi complex were found in the sarcoplasm.  The cells of this type were joined together end-to-end 
by well-developed intercalated disks (Fig. 2b). In their  morphological  cha rac te r i s t i c s  the ceils of this type r e -  
sembled cells of the Purkinje type [ 8, 9]. 

The most numerous cells were those which, by their morphological  charac te r i s t i cs ,  could be identified 
as t ransi t ional  cells  between the two types of cells descr ibed above (Figs. lc  and 2a). They were charac te r ized  
by variabil i ty of size, shape, and content of intracel lular  organelles ,  andthey had intercel lular  contacts which 
ranged f rom simple approximation of the plasma membranes  of adjacent cells to specialized junctions in the 
form of desmosomes  and intercalated disks. 

The cells of t ransi t ional  type and also those of the Purkinje type were r ichly innervated. Numerous 
nerve endings, most frequently cholinergic,  less frequently adrenergic  in nature, were found close to the su r -  
face of these pacemaker  cells (Fig. 2c, d). 
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Fig. 3. Electrophysiological  cha rac te r i s t i c s  of pacemaker  cells of 
a t r ioventr icular  valves of rabbit  heart. I) Action potentials recorded  
f rom three types of pacemaker  cel ls :  P cells (a), t ransi t ional  cells 
(b), cells of Purkinje type (c). tI) Histogram of distr ibution of maxi-  
mal diastolic potential based on 100 observations.  

The study of the electrophysiological  proper t ies  of the formations descr ibed above showed that the spon- 
taneous AP of all cells had SDD. The frequency of spontaneous excitation was constant for the same pacemaker  
formation, whereas considerable  variat ions in it were found in different preparat ions  (from 20 to 190 bea t s /  
rain). 

The shape of the AP, the amount of overshoot,  and the levels of the cr i t ica l  and maximal diastolic poten- 
t ials varied within wide limits in all preparations~ The pacemaker  formations of the valve contained a very 
few cells charac te r ized  by smooth transi t ion from SDD into phase 0 of the AP {Fig. 3a), a small  overshoot 
(under 8 mV), and low levels of the cr i t ical  ( u n d e r - 3 5  mV) and maximal diastolic ( u n d e r - 5 0  mV) potentials. 
The electrophysiological  charac te r i s t i cs  of these cells  were s imi lar  to those of the leading cells (P cells) of 
true pacemakers  [1, 5, 10, 11]. Cells of the second type, also few in number, were charac te r ized  by a more 
sudden transi t ion f rom SDD into phase 0 of AP (Fig. 3c), the highest degree of overshoot (20-23 mV), and the 
greates t  value of the maximal diastolic potential (from - 8 0  t o - 9 5  mV). With respec t  to these e lect rophysio-  
logical charac te r i s t i cs ,  the cells of the second type were s imi lar  to cells of the Purkinje type [ 1, 13]. How- 
ever,  by the level of their  cr i t ical  potential (its maximal values did not exceed - 6 0  mV) the cells of this type 
differed f rom the Purkinje cells of the ventricles,  for which the cr i t ical  potential varied f r o m - 6 0  t o -  80 mV. 
Most of the pacemaker  cells of the valve, as regards  the shape of the AP, the size of the overshoot, and the 
levels of the membrane potentials, could be c lassed as cells of transit ional  type {Fig. 3b). These resul ts  are 
thus in good agreement  with the morphological  data, indicating that P cells and cells of the Purkinje type are 
not as numerous as cells of the transit ional  type. 

The resul ts  of these experiments  show that the cusps of the a t r ioventr icular  valves of the rabbit heart  
contain complex multicellular  pacemaker  formations,  the cells of which, by the i r  morphological  and e lec t ro-  
physiological charac te r i s t i cs ,  by the predominant role of the slow sodium--calcium channel in the generation 
of their pacemaker  activity, and by the predominance of their cholinergic innervation over adrenergic,  axe 
s imi lar  to the supraventr icular  pacemakers  of the heart. 
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Di f fe rences  in the organizat ion Of cor t icofugal  f ibe r s  a r i s ing  f rom s o m a t o s e n s o r y  cor t i ca l  
a r e a s  I (S I)  and II (S H) were  detected by e l e c t r o n - m i c r o s c o p i c  au toradiography in the pos-  
t e r i o r  vent ra l  nucleus (NVP) of the tha lamus .  The d i s t r ibu t ionofeor t i cofuga l  f ibe rs  f r o m  the 
co r respond ing  zones of the two s o m a t o s e n s o r y  cor t i ca l  a r eas  within NVP d i f fe r s .  Endings of both 
types of f ibe r s  f o r m  synaptic  contacts  chiefly with dis ta l  dendr i tes  of r e lay  ce l l s  of NVP and much 
less  frequently with dendr i tes  of Golgt type II in terneurons .  No d i rec t  convergence  of f ibers  
a r i s ing  f rom the two s o m a t o s e n s o r y  a r ea s  on single cel ls  of NVP was observed.  

KEY WORDS: cor t icofugal  f ibers ;  s o m a t o s e n s o r y  cor t ica l  a r eas ;  pos t e r io r  vent ra l  nucleus 
of~the tha lamus;  degenerat ion;  autoradiography;  e l ec t ron  microscopy.  

P rev ious  e lec t rophys io logica l  invest igat ions showed that soma tosenso ry  cor t ica l  a r e a s  I and iI differ  in 
the i r  influence on the r e l ay  neurons of the p o s t e r i o r  vent ra l  nucleus (NVP) of the thalamus,  the axons of which 
run to s o m a t o s e n s o r y  cor t i ca l  a r e a  I [3-5] .  The modulating effect  of the s o m a t o s e n s o r y  cor t ica l  a r ea s  is 
manifes ted  pa r t i cu la r ly  c l ea r ly  in re la t ion  to the t r a n s m i s s i o n  of af ferent  s ignals  [ 3] and the format ion  of t r ace  
p r o c e s s e s  which develop in NVP af ter  the passage  of an af ferent  impulse  [4]. 

The nature of the morphological  subs t ra t e  respons ib le  for d i f fe rences  in the cha rac t e r  of cor t ica l  con- 
t ro l  over  the mechan i sm of t r a n s m i s s i o n  of s ignals  through the thalamic re lay  f rom the two soma tosenso ry  
a r ea s  has not yet been explained. To study these p rob lems  the invest igat ion desc r ibed  below was undertaken.  

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

E x p e r i m e n t s  were  c a r r i e d  out on 36 cats  weighing 2.5-4 kg. An autoradiographic  method was used in the 
expe r imen t s  of s e r i e s  I. Leucine-3H, in a concent ra t ion  of 100 # Ci/~l ,  was injected into the zone of r e p r e s e n -  
tat ion of the fo re l imb  in s o m a t o s e n s o r y  a r e a  I (S I) of the cor tex  (six cats) and s o m a t o s e n s o r y  a r e a  II (SII) of 
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