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Changes of myocardial enzyme activities in
atrial fibrillation
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Cholinesterase and succinyldehydrogenase activity of surgically removed left atrial auricles from
patients in atrial fibrillation and in sinus rhythm have been compared, using histochemical
methods. Higher cholinesterase and lower succinyldehydrogenase activity has been found in atrial
fibrillation than in sinus rhythm. The pulmonary capillary mean pressure of patients with atrial
fibrillation and sinus rhythm have been also compared. There was no significant difference be-
tween the two groups. On the basis of the reported examinations, it is not possible to decide whe-
ther the changes in enzyme activities are the cause or the result of atrialfibrillation.

Studies on the histochemical structure and
metabolism of various parts of the heart
muscle have shown the existing basic differ-
ences in the intermediary metabolism of the
conductive system of the heart and of the
working muscle mass, respectively. The oxy-
gen uptake of the conductive system is lower,
similar to the succinyldehydrogenase activity,
while the glycogen concentration is higher
than that of the working musculature (Schieb-
ler, Stark, and Caesar, I956; Isaacson and
Boucek, I968; Opie, I969). In contrast to
the oxidative metabolism of the working
muscles, that of the conductive system is
characterized by anaerobic glycolysis, and
this difference becomes more obvious as we
go up the scale from lower to higher stimu-
latory centres. For this reason the resistance
and tolerance of specific musculature to
anoxia are much greater than those of the
working muscles (Trautwein, Gottstein, and
Dudel, I954; Trautwein, I963; Opie, I969):
thus the function of stimulation and conduc-
tion remains unaffected for longer in hypoxia.
The sinus node is called the 'pars ultimum
moriens cordis'.
The acetylcholinesterase activity of these

tissues is also different: activity is higher in
the conductive system in contrast with lower
activity in working musculature (Burn, I953;
Carbonell, I956; Dumont, 1957; Schiebler,
I96I; Harden, Mackenzie, and Ledingham,
I963; Muller and Pearse, I965; Isaacson and
Boucek, I968; Opie, I969). Cholinesterase
activity is high in the early embryonal myo-
Received I March I970.

cardial tissues. During ontogenesis, as the
enzyme activity characteristic of oxidative
metabolism increases, the cholinesterase acti-
vity decreases in the respective parts of the
heart musculature (Rawlinson, I93 I; DeHaan,
I96I).
These histochemical and ontogenetic

characteristics led us to the following hypo-
thesis. According to Nachmansohn (I962) the
acetylcholine-cholinesterase system is regar-
ded as the specific chemical structure to be
foundin each zoological species and able to pro-
duce action potentials with propagation in the
form of impulses. The necessary energy to
supply this system is provided with the aid
of anaerobic metabolism by the specific mus-
culature (Opie, I969). It might be assumed
that the origin of some arrhythmias lies in
the pathological shift of the metabolism and
of the acetylcholine-cholinesterase system.
The development of ectopic foci producing
stimuli or the formation of circus movement
(re-entry and micro-re-entry mechanism) are
possible mechanisms of arrhythmias. The
function of these foci and pathways is similar
to that of the normal conductive system. It
seems plausible that similarity in the function
involves similar histochemical processes. It is
to be expected that in these cases of arrhyth-
mias high cholinesterase activity and in-
creased rate of anaerobic metabolism - nor-
mally present only in the conductive system -

should be demonstrable in the working
muscles as well.
As a first step to test the value of this hypo-

thesis, cholinesterase and succinyldehydro-
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genase activities were determined in the ex-
cised left atrial auricles of patients with sinus
rhythm and atrial fibrillation, who had been
operated on for valvular and congenital heart
disease.

Material and methods
The left atrial auricle excised during operation
was bisected immediately after its removal. One
piece of it was cooled to o°C., the other was fixed
in 4 per cent formalin solution containing i per
cent CaCl2 for 5 hours. Succinyldehydrogenase
activity was estimated in the frozen part in fresh-
ly frozen slides prepared in the cryostat of Linde.
Incubation of 20 p thick slides was performed at
370C. for 30 minutes, according to the method of
Pearse (I960). The incubation solution contained
nitro BT. Succinyldehydrogenase activity was
reflected by the purple coloured reaction product
at the sites of the mitrochondria. Cholinesterase
activity was estimated in CaCl2-formalin solution
fixed muscle tissue (Karnovsky and Roots, I964).
The fixed material was dissected with freezing
microtome and the 20 0 thick slides were placed
in the incubating solution for 2 hours at 37GC.
The slides were covered with glycerol. Acetyl-
thiocholiniodide was the substrate. The end-
product of the reaction was a very finely distribu-
ted reddish-brown sediment covering the whole
of the muscle fibres (Fig.). The nuclei of the
muscle fibres were always negative.

Results
The cholinesterase and succinyldehydrogen-
ase activities of the left atrial auricles excised
during operation on 48 patients with valvular
and congenital heart disease have been estim-
ated. Forty-one patients underwent mitral
commissurotomy, and implantation of an arti-
ficial mitral valve was performed in three
others, one patient receiving heterotransplan-
tation of the aortic valve. Two patients were

operated on because of septal defect and one
other because of aortic coarctation. The mean
age of the patients was 34 (I7-52) years;
there were 36 women and I2 men. The
valvular disease was of rheumatic origin in
each case. Seventeen patients had atrial
fibrillation; in three, the arrhythmia consisted
of supraventricular extrasystoles (Table). In
all these cases succinyldehydrogenase activity
was much reduced while the activity of cho-
linesterase was significantly increased. The
sites with higher cholinesterase activity
showed a patchy distribution (Fig.). In 26
of 28 patients operated on in sinus rhythm the
cholinesterase activity of the auricle was nor-
mal. In two patients with sinus rhythm,
cholinesterase activity was raised and succi-
nyldehydrogenase activity was decreased. In
one of the two patients there was cerebral and
right lower extremity embolism which was
possibly caused by paroxysmal atrial fibrilla-
tion. The pulmonary capillary pressures as
measured during catheterization before opera-
tion in our patients in sinus rhythm or atrial
fibrillation were also compared. There was no
significant difference between the two groups:
the mean pulmonary capillary pressure was
32-6 mm. Hg in patients with sinus rhythm,
and in those with arrhythmias this amounted
tO 30-7 mm. Hg. The same relation between
groups with high and normal cholinesterase
activity was 3I6:309 mm. Hg.

Discussion
Several studies discuss the role of the acetyl-
choline-cholinesterase system in the physi-
ology of stimulation and on the genesis of
pathological stimuli. The theory of Nachman-
sohn (I962) has already been cited, together
with studies proving that the cholinesterase

FIG. (a) Normal (Case zI), and (b) increased (Case 28) cholinesterase activity of the left
atrial auricle (Karnovsky and Roots, I964). (X 250.)
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TABLE Myocardial enzyme actitvties and pulmonary capillary mean pressure of
patients in sinus rhythm and atrial fibrillation

Case Age Sex Diagnosis Rhythm Cholin- Succinyl- Pulmonary
No. (yr.) esterase dehydro- capillary

activity genase mean
activity pressure

(mm. Hg)

I 26 F Mitral stenosis SR Normal Normal 24
2 43 F ,, ,, AF t 4 -
3 28 F ,, ,, SR Normal Normal 42
4 28 F Artificial mitral incompet. SR Normal Normal
5 42 M Mitral stenosis and incompet. SR Normal Normal
6 48 F Mitral stenosis AF ttt 4, 32
7 23 F ,, ,, SR Normal Normal 40
8 34 F Mitral stenosis, cerebral and femoral SR f1 4, 65

embolism
9 45 M Mitral stenosis AF ttt 4,;
I0 27 F Mitral stenosis, cerebral embolism Atr. ex. t 4-
II 30 F Mitral stenosis SR Normal Normal 35
I2 30 M ,, ,, SR t 4 27
13 24 M Aortic incompet. SR Normal Normal
14 43 M Mitral stenosis AF t 4 24
15 33 F ,, ,, SR Normal Normal 35
x6 39 F ,, ,, AF tt 44 70
17 22 F ,, ,, SR Normal Normal
is 36 M ,, SR Normal Normal 38
19 3I F ,, ,, SR Normal Normal
20 52 F ,, ,, AF tt 4 312
21 38 M ,, ,, SR Normal Normal
22 24 F ,, ,, SR Normal Normal
23 45 M ,, AF ttt 4,4 25
24 40 M ,, AF tt 44 -
25 40 F ,, ,, SR Normal 4, 8
26 48 F ,, ,, AF tt 4-
27 23 F ,, ,, SR Normal Normal 55
28 26 F ,, ,, AF tt 4, 24
29 25 F ,, ,, SR Normal Normal 25
30 49 F ,, ,, SR Normal Normal 17
31 45 F ,, AF ttt 4, 46
32 23 F ,, ,, AF tt 4,
33 28 F Atrial septal defect SR Normal Normal
34 31 F Mitrl stenosis SR Normal Normal 20
35 30 F ,, ,, Atr. ex. t 4 20
36 39 F ,, SR Normal Normal 38
37 30 M ,, ,, AF tt 4, 33
38 17 F Coarctation of aorta SR Normal Normal
39 I7 F Ventric. and atrial septal defect SR Normal Normal 8
40 46 M Mitral stenosis Atr. ex. tt 4, 27
41 37 F ,, ,, SR Normal 4,
42 46 F ,, ,, AF ttt 4, 37
43 43 F ,, ,, AF tt 4,4 25
44 30 F ,, ,, SR Normal Normal 40
45 2I F ,, ,, AF tt 4, 25
46 23 M ,, ,, SR Normal Normal 27
47 49 F ,, ,, AF ttt 44, 30
48 33 F ,, ,, SR Normal Normal -

SR, sinus rhythm; AF, atrial fibrillation; Atr. ex., atrial extrasystole.
4

tt increased activity. 4, 3 reduced activity.
ttt J 4,4,4J

activity of the conductive system is higher, choline. After spontaneous activity of the
and its oxidative metabolism is lower than auricle stopped, pulsation was started again
that of the working musculature. Biilbring when acetylcholine was administered. Traut-
and Burn (I949) found that the' rate of the wein and Dudel (1958a, b), by studying the
spontaneously working auricle of the rabbit membrane potentials of the heart muscle
was decreased concomitantly with the de- fibres, confirmed these findings and put them
crease in the amount of endogenous acetyl- on an electrophysiological basis. According
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to Szekeres et al. (Szekeres, I954; Szekeres,
Banhidy, and Molnar, I958; Szekeres and
Papp, I965) stimulation of the vagus or infu-
sion of acetylcholine decreased the diastolic
fibrillatory threshold, and these effects were
more obvious in hypoxia. Burn (I953, I957)
proved that acetylcholine was synthetized
even locally in the myocardium, and after
reaching a given concentration it induced
contraction. Burn, Williams, and Walker
(I955) and Loomis and Krop (I955) des-
cribed how ventricular fibrillation might
be induced by intravenous administration or
local application of acetylcholine. Develop-
ment of fibrillation after extrasystole-produc-
ing pacemaker stimulation in the presence of
acetylcholine has also been noted (Holland,
Burn, and Schumann, 1957; Rand and
Walker, 1958; West and Cox, I960; Zacouto
and Coraboeuf, I964; Yamada et al., I968;
Csapb, I97I). Melnikova (I967) noted
increased cholinesterase activity in the tissues
of hearts with chronic myocardial hyper-
trophy. Peretz et al. (I965) assumed that
changes in the cholinesterase activity might
play a role in the genesis of arrhythmias
accompanying myocardial infarction: the
tissue pH falls due to local metabolic acidosis.
The activity of the cholinesterase decreases
because its optimal pH lies between 7-5 and
8-5. In studying the common pharmacological
features of the antiarrhythmic drugs, Burn
(1956) stated that these inhibited acetyl-
choline.

In our present experiments the cholin-
esterase and succinyldehydrogenase activities
of the left atrial auricle from patients in sinus
rhythm and atrial fibrillation were compared.
Much higher cholinesterase and much lower
succinyldehydrogenase activities have been
found in patients with atrial fibrillation than
in those with sinus rhythm. It seems, there-
fore, as far as these two parameters are con-
cerned, that in cases of atrial fibrillation the
histochemical structure of the working mus-
culature of the atrium approaches that of the
conductive system: its anaerobic metabolism
(reduced succinyldehydrogenase activity) and
its cholinesterase activity are increased.
On the basis of our examinations, we are

not able to decide if atrial fibrillation is fol-
lowed or caused by enzyme changes, or whe-
ther higher cholinesterase activity is due to
an increased acetylcholine content or not. In
cases of atrial fibrillation enzyme activities
were not detected, whereas in cases of sinus
rhythm, values higher than normal were seen,
and in two cases (Cases 24 and 4I) a reduced
succinyldehydrogenase activity was found
when cholinesterase activity was normal.

These findings lead us to suppose that the
primary change might be a shift in the inter-
mediary metabolism due to hypoxia. This
may be followed by the imbalance of the
acetylcholine-cholinesterase system and by
the onset of arrhythmia. It is hoped that a
solution will be found from the experiments
now under way, including quantitative analy-
ses of cholinesterase and glycogen content and
measurements of the enzymes of glycolysis of
atrial muscle.
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