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Activity of ace ty lchol ines terase  (ACE) and butyrylchol ines terase  (]3CE) was studied in the 
region of the s ino-a t r ia [  node,the a t r io -ven t r i eu la r  node, and the contracti le myocard tum 
in puppies aged f rom 1 day to 2.5 months and in adult dogs.  The resul ts  showed that ACE 
and BCE activity in all parts  of the hear t  dec reases  with age. This decrease  cor re la tes  
with the appearance and strengthening of vagal control over  cardiac activity and the s low- 
ing of the hear t  rate developing in dogs during postnatal development.  At all age periods 
a decrease  in ACE and BCE activity is observed f rom the s ino-at r ia l  node to the apex of 
the hearL; this is evidently linked with the gradient of automatic activity of the hear t  and 
the distr ibution of  acetylcholine in the hear t .  At all age periods BCE activity predomin-  
ates over  ACE activity but its dec rease  with age was more marked.  

Constant tonic effects of the center  of vagal innervation on the hear t  are absent in puppies f rom the 
ages of 1 to 16 days; cardiac  activi ty is regulated by the sympathetic innervation, which maintains a high 
rate of cardiac  contract ion in a res t ing state.  Meanwhile the per ipheral  cholinergic sys tem is a l ready 
represented in puppies of this age, so that vagal b radycard ia  can develop in response to acute hypoxia, in-  
c reased  intraeranial  p r e s s u r e ,  and the action of morphine.  Constant vagal influences a r i se  af ter  16-18 
days of life and strengthen with age, lowering the hear t  rate and giving r ise to per ipheral  cholinergic ef-  
fects [2-4, 6, 9-11]o 

The role of the ace ty lcho l ine -ace ty lcho l ines te rase  sys tem in the hear t  in the changes taking place 
in cardiac activity during ontogeny was investigated. Since the cholinergic sys tem in the hear t  is r ep re -  
sented not only by acetytchol ines terase  (ACE), but also by butyrylchol ines terase  (BCE), the activity and 
distribution of both enzymes  were  investigated in the nodes of the hear t  and the myocardia l  t i ssue .  

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

Experiments  were  carr ied  out on 25 puppies aged 1-2, 10-12, and 25-30 days and 1.5-2.5 months and 
on six adult dogs. The animals were  killed by electrocut ion.  Activity of ACE and BCE was determined in 
hear t  t issue ext rac ts .  In each experiment  samples were taken f rom three parts  of the hear t :  the regions 
of the s ino-a t r ia l  node, the a t r io -ven t r i cu la r  node, and the contracti le myocardium of the left ventr ic le  
(apex of the heart). Acetylcholine chloride and butyrylcholine iodide were  used as the subst ra tes  for de-  
terminat ion of ACE and BCE activity. 
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TABLE 1. Activity of ACE and BCE (in ~moles /g  t issue/min)  in 
Dogs '  Heart  during Postnatal  Development (M �9 m) 

!} n c u a r n o d  of v n i c  
~d.~ ~ ~ Region of sino- Region of atrio-ven- Conuactilr myocardium 

i ~ ]~e[ ACE BCE 

2 10--12 ~ ] 56 1 , 6 3 •  [ l , 53q -0 .13" [1 .60~0 ,0510 ,51 - -+0 .09  [ 0 . 9 5 •  
3 25--30 �9 [ 1,28:1:0,08 1,96:i: 0 ,20" 1 , 1 8 ~ 0 , 1 0 "  1 , 2 8 •  0 , 7 9 ~ 0 , 0 6 "  
4 11/~--21/~ ] 95 O, 06" 0 , 9 3 + _ 0 , 0 7 1 , 0 0 q - 0 , 0 6  0 , 5 5 •  0 ,755 :0 ,05  0 , 4 1 + 0 , 0 1  0,64----. 

months [0,68-r 10,37 : : : s177 0,35-+-0,08 5 Adult 6 

*In these cases  differences between groups 1 and 2, 2 and 3, 3 and 
4, and 4 and 5 are not significant (P > 0.05). 
Note: Differences between groups 1 and 5 significant in all cases  
(P < 0.001). 

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

The results  (Table 1) show that ACE activity of the cardiac pacemaker  was highest  during the f irst  
days of life. The possibil i ty of rapid hydrolys is  of acetylcholine maintains a high frequency of automatic 
excitation at res t .  The fact that the ACE activity is almost  three t imes higher than in the adult can also 
explain the charac te r  of the episodic cholinergic effects in the hear t  in young puppies: the h igher threshold  
of stimulation of the per iphera l  segment of the vagus nerve,  the less marked vagal inhibition, high th resh -  
old doses of acetylcholine and eser ine  evoking bradycard ia  [3, 11], and the absence of chotinomimetic and 
cholinolytic phases af ter  injection of atropine [1]. Histochemical  and physiological investigations [7, 15] 
have also shown that the ace ty lcho l ine -ace ty lcho l ines te rase  sy s t em differs at an ea r ly  age f rom that in 
adult individuals. 

After the f irst  antigravity reactions had appeared (from the 10th-12th day of life with the forelimbs 
and f rom the 18th-20th day f rom the hind limbs), when the f i rs t  signs of vagal tone appeared,  ACE activity 
graduaUy decreased in the region of the sin o-a t r ia l  node. The lowest ACE activity in the region of the 
pacemaker  (and also in the region of the a t r io -ven t r i cu la r  node and the contract i le  m y o c a r d i u m  of the left 
ventricle) was observed in adult dogs, when tonic excitation reaches its highest level in the centers  of 
vagal innervation of the hear t .  According to Webb [17], the sensit ivity of the a t r ia  of adult rabbits to vagal 
impulses and to acetylcholine depends on the ACE activity in them. 

It can be concluded f rom the results  showing the dynamics of ACE activity with age that the decrease  
in the hear t  rate in dogs at res t  is not attributable ent i re ly to the appearance and strengthening of vagal 
effects,  but also to the considerable decrease  in ACE activity in the nodes of the hear t ,  especial ly  the s ino- 
atr ial  node. This conclusion is confirmed by the increase  in the acetylch01ine content in the dog's  hear t  
(especially in the region of the s ino-a t r ia l  node) with age [15]. Arshavskii  [3-5] explains the slowing of the 
hear t  under the influence of the developing vagal tone as the result  of depolarizat ion of the s ino-~tr ial  
node by acetylcholine.  The frequency of excitation ar is ing automatical ly in that node is thereby reduced. 
Depolarization developing in the s ino-a t r ia l  node is combined with hyperpoiar iza t ion in the ventr ieular  
myocardium.  

The results  of the present  investigation also show that, i r respect ive  of age,  activity of both ACE and 
BCE in dogs is highest in the region of the s ino-a t r ia l  node, ra ther  lower in the region of the a t r io -ven t r i c -  
u lar  node, and lowest in the contract i le  myocard ium of the left ventr ic le .  These resul ts  conf i rm obse rva -  
tions made by other worke r s  [1]. The decrease  in chol ines terase  activity f rom the pacemaker  to the apex 
of the hear t  is probably connected with the distribution of acetylcholine [14] and the gradient of automatic 
activity of the hear t ,  which is established at an ea r ly  age. 

At all age periods BCE activity exceeds ACE activity. This difference is par t icu lar ly  marked at 
ea r ly  age periods.  The predominance of BCE activity in the nervous ganglia of the hear t  of newborn pup- 
pies has also been observed histological ly [7]. 

The functional role of BCE has not yet been explained. Some workers  [12] consider  that it hydroiyzes  
the excess of aeetylcholine if its synthesis is increased.  Others [13] ascr ibe  it a protective role as an in- 
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ac t iva to r  of bu ty ry lcoenzyme A, a toxic product  of fatty acid me tabo l i sm par t ic ipat ing  in acetylcholine syn-  
thes i s .  

The p r e sen t  observa t ions  show that BCE act iv i ty  d e c r e a s e s  more  sharp ly  with age in dogs (by 75- 
81%) than ACE act ivi ty  (by 64-72%); the d i f fe rences  in act ivi ty  of the two enzymes  at the same  age the reby  
gradual ly  diminish.  This  does not mean  that  the high BCE act ivi ty  at an e a r l y  age plays  the role of a r e -  
s e r v e ,  for  its marked  d e c r e a s e  with age is accompanied by an inc rease  in the acetylcholine concentra t ion 
[15]~ 
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