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Signs of dis turbances of the autonomic nervous sys tem can be distinguished in the clinical picture 
of acute myocardia l  infarction in man and in reproductions of the disease in animals.  Iti some cases ,  for  
instance, myocardial  infarct ion is accompanied by dis turbances of rh3Xhm in the form of a t r iovent r icular  
block, the appearance of Samoi lov-Wenckebach ' s  periods [8, 12]~ bradycardia  [1, 5, 6], an increase  in 
parasympathet ic  ref lex react ions [3], dilatation of  the peripb.eral blood vesse ls  [4, 16], and other  signs 
which may be associated ~ith an increase  in vagal tone. 

However, there  is some evidence that dts turbances of the Sympathet*.c nervous sys tem may play a 
definite pathogenetic role  in the development of myocardial  infarction. Restorat ion of the normal card iac  
rhyLhm has been observed after  pharmacological  block of the s)n:apathetic nerves I9, 17|. 

A resul t  of the disturbances of the function of the s~-mpathetic nervous system is evidently the charge  
observed by some authors in the concentration of catecholamines,  while a disturbance of the function of 
the parasympathet ic  division may be demonstra ted by changes in the concentrat ion of acetylchollne in .the 
heart  during myocardial  infarc t ion.  An increase  in the concentration of catecholamines in the ischemic 
zone has been observed in the f i rs t  2 h af ter  occlusion of the coronary  a r t e ry  [4, 19], although o therau thors  
[5, 21, 22, 24] found a decrease  in the noradrenal in level in the infarct focus at the same t imes and also 
somewhat la ter .  An increase  in the concentrat ion of acetylcholine in the hear t  af ter  ligation of the coronary  
a r t e ry  ~as  demonst ra ted  by U. A. Kuz 'minskaya |2]. 

It was considered that a satisfaeto."y method cf detect ing predominance of the influence of the p a r a -  
sympathetic or  sympathet ic  nervous sys tem in the acute stage of myocardial  infarction was by studying 
the state of the media tor  metabolism in the heart .  

ChaJ~nges in the concentrat ion of media tors  in the hear t  may be associa ted  with a disturbance ei ther  
of the rate  of synthesis  o r  of the rate  of breakdo~a of the substances by enz~-me action. 

In the acute period of m~.,ocardial infarction in man, the plasma chol inesterase  ae t iv i~  has  beenfound 
to be reduced [18, 20], returning to normal  in the recovers" period. In experimental  myocardial  infarction, 
a decrease  in chol ines terase  activity has been discovered in the heart  t issue [I0]. A decrease  in mono- 
amine oxidase activity in the ischemic and nonischemic port ions of the hear t  has been reported [13] af ter  
ligation of the co ronary  a r t e ry .  

In the presen t  investigation the activity of monoamine Qxidase (MAO) and chol lnesterase  (CE) in the 
myocardiura was studied af ter  ligation of the, coronary  a r t e ry .  

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 w e r e  ca r r i ed  out on 49 cats  anesthetized with a mixture of ure~hane and chloralose  
(0.8 and 0.08 m g / k g  respect ively) .  Myocardial infarction was induced by ligatton of the an t e r i o rdescend -  
lng branch of the left coronary  a r t e ry .  To detect changes in the pH of the myocardium before and af ter  
development of the infarct,  glass  e lect rodes  "^'ere implanted in the wall of the right and left ventr ic les  
using a method developed in the author 'v  labora tory  17J. 
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Fig, 1, Dynamics  of monoamine oxidase 
(~L-kO) a~d cho l ines te rase  (CE) activity in 
the i schemic  focus in ~ e  left  ventr ic le  
(A) and the nonischemic right ven t~c l e  
(B) af ter  l igation of the co rona ry  a r t e r y  
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Fig. 2. Relat ionshipbetween 
changes in chol ines te rase  
~CE) a c t i ~ y  in the i schemic  
focus and pH at  different  
s tages  of development of a 
myocard ia l  infarct .  I} CE 
activi ty at PH ~.5; 1I) CE a c -  
t ivity at t i ssue  pH. 

The MAO* activity was de termined f rom the amount 
of ammonia  l iberated during incubation of t y ramine  (10 pM 
of 1,7 mg tyramine  pe r  sample) in the p r e sence  of p r e p a r a -  
tions of mitochondria  f rom the right and left  vent r ic les  of 
the hear t  for  50 rain at  pH 7.4 (0.1 M phosphate buffer  with 
0.23 M sucrose)  in an a tmosphere  of oxygen at 38 ~ with agi ta-  
tion. The ammonia  concentration was de te rmined  by Conway~s 
i so thermic  disti l lation method with subsequent a e s s t e r i z a -  
tion. The prote in  concentration in the suspension of mi to-  
chondria  was determined by the method of Robinson and 
Hogden [9,23]. The MAO activity was exp re s sed  in lagh~d~/g 
prote in  of the mitoehondria/h.  

Since changes in the t i ssue pH in myocard ia l  ir.faretion 
may give r i se  to dis turbances  of enzyme activity,  the CE 
a c t i ~ t y  was de termined by means of a method developed in 
the au thor ' s  l abora tory  at the pH of the t i ssue [11]. The CE 
a c ~ 2 t y  was invest igated by potent iometr ic  t i t rat ion.  Incuba- 
tion of the samples  continued for  I h at  38". The CE ac t i v i t y  
was judged by the vohtme of 0.01 N NaOH solution used up 
in t i t rat ing the acet ic  acid se t  f ree  during hydro lys i s  of 
aeetylcholine {the final dilution of acetylcholine was 0.5 
mg/ml ) .  The CE activity ~ s  exp re s sed  in pg  acetyleho-- 
l ine /g  t i ssue p ro te in /h ,  

d i scovered  [4, 19[ in the zone of i schemia .  

and ~*bser~._.d in cer ta in  exper iments  may be associa ted  with t rans ient  alkalification in the i schemiefocus ,  
briv, g%~g the conditions for  act ivi ty  of the enzyme c l o s e  to opt imal .  

The second phase in the changes in the i schemie  focus may have been the result ,  not only of local,  
but also of ref lex  influences.  The inc rease  in MAO activity and the dec rease  in CE activity,  resul t ing in a 
dec rease  in the concentrat ion of ca teeholamines  and an inc rease  in the concentration of acetylcholine,  may 
be regarded  as compensator) ,  changes d i rec ted  toward reducing the work of the hear t  in the condittor~ of 
local i schemta .  

In the right vent r ic le  (Fig. 1, B), in cont ras t  to the i scbemic  focus, the MAO activi ty r o s e  s t e a d i l y  

f rom 148'~ 5 rain a f t e r  l igation (p = 0.01) to 250% 40 rain a f te r  ligation (p = 0.001). The CE activi ty fell 
gra'~ualiy paral le l  w i th the  fall in pH, reaching 55% 40 rain a f t e r  !igatlon of the coronary  a r t e r y  (P~0 .02) ,  

" T f i e s ~ t h o r  is grateful  to V. Z. Gorkin and I.  V. Verevkina f~r t h e i r h e l p  In demonst ra t ing  the method 
of de terminat ion  of monoamine  oxidase act ivi ty,  

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

It is c l ea r  f rom Fig. 1, a that 5 rain a f t e r  ligation of 
the coronary  a r t e r y  the MAO act ivi ty in the ischemic focus 
si tuated in the lef t  ventr ic le  fell sharply  to 42~ of i t s tn i t ia l  
level (P = 0.021). ]~eanwhile the CE activi ty rose  v e r y  
slightly (P > 0.1L para l le l  with the inc rease  of pH. Changes 
in the opposite direct ion took place 40 rain a f t e r  ligatton: 
the MAO activity was increased to 50% above i ts  irfitial level 
{P = 0.02), while the chol ines terase  act ivi ty fell to 66~ of 
the initial values {P = 0.05) paral le l  with the d e c r e a s e i n p H .  

The changes in the focus of i schemia  were  thus biph- 
as ic  in cha rac t e r .  The f i r s t  phase v,~as evidently due to 
purely local changes in the metabo l i sm of the myocardfum.  
The dec rease  in MAO acti~'ity observed  in this phase was 
probably due to the fact that acute hypoxia leads to d e p r e s -  
sion of oxidative deamination. One resu l t  of this was ev i -  
dently the increase  in the concentration of ca techolamines  

The slight increase  in CE activity taking place in this phase  
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Iience, in the nontschemic por t ions  of the right ventr ic le ,  where  pure ly  local ck~nges in tim metabo-  
l i sm of 'the myoca rd ium were  absent,  the changes in MAO and CE activi ty were  uniform in direct ion both 
5 and 40 rain a f t e r  ligation. 

Fu r the r  invest igat ions were  c a r r i e d  out to ver i fy  the hypothesis  mentioned above, regarding  the 
re la t ionship  between the changes in MAO and CE activi ty in the focus of t schemia  and the conditions of  
enzyme act ivi ty .  F o r  this purpose,  para l le l  invest igat ions were  made of the CE act ivi ty  at  the optimal  pi t  
(8.5) and at the t i ssue pH, and the MAO activi ty was studied when the incubation mix ture  was sa tura ted  
with 10C% oxygen and with a gas  mixture  containing 50~ oxygen and 50% nitrogen. If was found that con-  
ditions of re la t ive  hypoxia dep re s sed  the MAO actt, ,Ity by 54% (P = 0.001), and conditions of  acidosis  
dep re s sed  CE act ivi ty by 57% (P = 0.00D. 

The CE activit)  in no rma l  conditions and during myocard ia l  infarction is shown in Fig. 2 in the s tage 
of a lkalos is  (5 rain), in the s tage of ac idos is  (40 min), and during t rans ient  ven t r icu la r  f ibri l lat ion.  The 
act ivi ty  was invest igated a t  the natural  pH of the t i ssue  and at  the optimal 15H, 

As Fig. 2 shows, the act ivi ty of the enzyme was r e s t o r e d  to normal  5 rain a f t e r  l igatlon at  the op-  
t imal  pH. Meanwhile, the CE act ivi ty remained  lower than normal  a f te r  40 rain, even at the crptim~ pH. 
This  was evidently a s soc ia t ed  with changes in the enz}~,e s t ruc tu re  taking place in this s tage.  

The r e su l t s  obtained thus show that in the nonischemic port ions of the hear t  the MAO act ivi ty is  
inc reased  a f t e r  occ lus ion  of aae co rona ry  a r t e ry ,  leading to a dec rease  in the  concentrat ion of ca techol -  
amines ,  while the CE activi~, is depressed ,  leading to the accumulatiQn of acetylcholine.  These  changes 
may  be r ega rded  as  compensa tory ,  because  they c r ea t e  conditions strengthening the influences of the vagus 
nerve  azld thereby  reducing the act ivi ty of the hea r t  in the p r e sence  of local i schemia  of the myocard ium.  

Although these  changes in media to r  metabo l i sm were  compensa tory  in  n~ture, c lea r ly  the i r  i m p o r -  
tance fo r  the s ta te  of  the hear t  differed in phases  I and H o f i s c h e m i a .  In phase  I (5 min a f t e r  ligation of 
the ar tery},  when they were  opposi te  in direction,  they inc reased  the degre  e Of biochem[cal  and bioelec-  
t r i ca l  he terogenei ty  of the myocard ium.  This  was p re sumab ly  one of the conditions leading to the devel -  
opment  of ven t r i cu la r  f ibr i l la t ion.  In phase  H {40 min a f t e r  l igation of the a r te ry)  this heterogenei ty d i sap-  
peared .  The changes in MAO and CE act ivi ty assumed  the s a m e  direction, thus reducing the work of the 
heart ,  and evidently acting as one of the f ac to r s  reducing i ts  level of activity in myocard ia l  infarct ion.  
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