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DETERMINATION OF LEADING FACTORS IN PATHOGENESIS OF ALCOHOL CARDIOMYOPATHY 
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The aim of this investigation was to elucidate the leading mechanisms of damage to the 
rat heart during forced alcoholization. 

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred male albino rats weighing 300-390 g, receiving 
dry food and water ad lib. Ethanol was injected into the stomach in the form of a 25% solu- 
tion twice a day (at 9 a.m. and 9 p.m.) for 5.5 days. The doses of ethanol varied from 2 to 
5 g/kg individually depending on the state of the animals and the time of routine injection 
[i]. When signs of intoxication were present, and allowing for their severity, the dose of 
ethanol was reduced. On the 4th day, 2 and 12 h after the 8th injection of ethanol, concentra- 
tions of ethanol, acetaldehyde, and acetone were determined [6] in blood taken from the 
caudal vessels. Mean 24-hourly concentrations of these compounds in the blood, the total 
dose of ethanol received by the rats during the experiment, and the index of tolerance of 
the rats to ethanol (ITE) were calculated, the latter by the formula (A - 33)/(55 - 33), 
where A denotes the total dose of ethanol given in 5.5 days, (in g/kg), 33 is the conven- 
tional minimum total dose of ethanol (in g/kg); 55 the conventional maximal total dose of 
ethanol (in g/kg). The heart was removed from rats anesthetized with hexobarbital with the 
addition of heparin, 2-8 h after the last injection of ethanol, and perfused with Krebs- 
Henseleit solution containing 1% gelatinol, under a pressure of 70 mm Hg [5]. After i0 min 
of continuous perfusion the heart was switched to reperfusion with a volume of 35 ml of re- 
cycling solution, and this continued for 30 min. The peak systolic pressure (PSP) in the 
left ventricle, its components, the diastolic pressure (DP), the heart rate (HR) and the 
coronary flow (CF) were recorded. The pressures were measured by means of a "Statham" 
electromanometer, connected to a small latex balloon, inserted through an incision in the 
auricle of the left atrium into the left ventricle of the heart. The rate of contraction 
(RCH) and relaxation (RRH) of the heart and the tension time index (TTI) of the myocardium 
were calculated by the formula: PSP.HR,T/1000, where T denotes the tension time of the left 
ventricle. Creatine phosphokinase (CPK) activity was determined in the perfusion fluid [2]. 
At the end of perfusion the heart was dried to constant weight. Hearts of intact animals 
served as the controls. Student's test and Spearman's rank correlation method were used for 
the statistical analysis. 

EXPERIMENTAL RESULTS 

It will be clear from Table 1 that the method of alcoholization used in the investiga- 
tion ensures a high, constant blood ethanol level and the appearance of acetaldehyde and 
acetone in the rat's blood. The mean 24-hourly acetaldehyde concentration correlated with 
the corresponding value of the blood ethanol concentration (0 = +0.572, p < 0.05). ITE 
varied in different individuals from 0.32 to 0.82. Negative correlation was found between 
ITE and the residual blood ethanol concentration toward the time of the next routine injec- 
tion (0 = -0.491, p < 0.05). This agreement between individual doses of ethanol received by 
the rats on the 3rd day of the experiment and the mean-24-hourly levels (p = +0.684, p < 0.01) 
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TABLE i. Concentrations (g/liter) of Ethanol, Acetaldehyde, and Acetone in Blood of 
20 Rats 2 and 12 h, and Mean 24-Hourly Level, after Routine (8th) Injection of Ethanol 

O) >-~ 

7,9• 

Ethano 1 

after 2 h tfter 12 h meon 

4,434-0,26 ] 1,22• ] 2,88_____0,22 

Acetaldehyde 

after 2 h after 12 h mean 

0,0067~0,000710,0028"+'0,0005 0,0047_--_0,0004 

Acetone 

after 2 h after 12 h 

O, Ol 8-+- O, 002 0,019__!- 0,002 

TABLE 2. Parameters of Contractile Function and Outflow of CPK from Isolated Heart 
of Rats Subjected to Forced Alcoholization 

i 

oroup  I o!ol  beatsl 
of rats   o Ioio 

Control 
Experimental 

Legend. 

1%7•176 163_+I1"* 

*p < 0.05, 

PSP, ~n Hg/min)" DP, mm RCH, mm 
Hg i000 Hg Hg/sec 

130_+4 
155~5"* 

2,04• 
1,84• I0 

7~q-1 
102=I* 

1950!41 
2033 ___62 

**p < 0.001 compared with control. 

REH, n~ CF, ml/ 
Hg/sec imin 

1365___46 
1174_+34" 

19,2___1,7 
|2,4--~-0, 5 .... 

Outflow of 
CPK, U/g 
dry 
t i s s u e  

0,322• 
1,854• 

TABLE 3. Correlation between Blood Levels of Ethanol, Acetaldehyde, and Acetone in Rats 
Subjected to Forced Alcoholization and Parameters of Activity of the Isolated Heart 
(Spearman's Rank Correlation Coefficients - p) 

Parameters compared HR Rate of out- 
flow of CPK 

Blood l~r after routine (8th) injection 
of ethanol 
Ethanol: after 2 h 
After 12 h 
Average 
Acetaldehyde: after 2 h 
After 12 h 
Average 
Acetone 
(average) 

--0,497 

PSP TTI RCH RRH CF 

- 54 i 
- -0~69 

Legend. In columns in which a coefficient of correlation is shown p < 0.05. 
dash in a column signifies p < 0.440, with p > 0.05. 

-[-0,452 

reliably showed that the concentrations of ethanol, acetaldehyde, and acetone on the 4th day 
of the experiment reflect sufficiently completely individual differences in the level of in- 
toxication of the animals throughout the experiment. 

Forced alcoholization led to a marked fall of HR, RCH, and CF and an increase in PSP 
and DP of the isolated heart (Table 2). The outflow of CPK from the heart was increased by 
5.7 times. Negative correlation was found between HR and PSP (p = -0.443, p < 0.05). Posi- 
tive correlation was found between CP and RCH (p = +0.545, p < 0.05). 

Comparison of the severity of intoxication and param~tersof cardiac activity (Table 3) 
revealed negative correlation between the mean 24-hourly acetaldehyde concentration, on the 
one hand, and PSP, TTI, RCH, and RRH. The maximal ethanol concentration in the blood corre- 
lated negatively with HR and positively with the rate of outflow of CPK. The results of the 
investigation revealed positive correlation between disturbances of the contractile func- 
tion of the heart and the blood acetaldehyde concentration of the animals in the course of 
alcoholization. This contradicts the view that the direct membranotropic action of ethanol 
plays the leading role in the pathogenesis of alcohol cardiomyopathy [i0]. The character of 
the disturbances of cardiac activity indicates that acetaldehyde affects ionic permeability 
of the cell membranes and the energy supply to the myocardium [3]. Meanwhile inhibition of 
the pacemaker function of the heart is evidently due to the direct action of ethanol at the 
height of its concentration. Elevation of PSP can be interpreted as an adaptive reaction 
aimed at maintaining the pumping function of the heart in response to the fall of HR. The 
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observed fall of CF is not directly connected with the toxic effect of ethanol and acetalde- 
hyde on the vessels. 

The existence of positive correlation between the blood ethanol concentration of the 
rate 2 h after routine injection of ethanol and the rate of outflow of CPK from the heart 
indicates that ethanol, at the height of its concentration, has a damaging action on cardio- 
myocytes and on their sarcolemma. It also follows from the results of this investigation 
that the severity of the cardiac disturbances in rats with high and low tolerance to ethanol 
was identical, whereas acetonemia, a manifestation of alcohol-induced ketosis, has no direct 
toxic action on the heart. 

The results shed light on the causes of lack of success in the simulation of alcohol 
cardiomyopathy by the use of semivoluntary methods of alcoholization of animals [7-9]. In 
such cases acetaldehyde does not accumulate and the highest blood ethanol concentrations 
do not exceed 2 g/liter [I, 4]. 

The leading factors in heart damage during forced alcoholization of rats are thus the 
accumulation of acetaldehyde in the body and the presence of periodically occurring high 
blood ethanol concentrations. 
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ABOLITION OF DISTURBANCES OF ELECTRICAL STABILITY OF THE 

HEART IN POSTINFARCTION CARDIOSCLEROSIS BY A FACTOR 

INDUCING GABA ACCUMULATION IN THE BRAIN 
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Recent investigations have shown that adaptation to short-term stress not only limits 
many kinds of stress-induced damage [5], but also prevents arrhythmia and fibrillation of 
the heart associated with acute ischemia, myocardial infarction, and disturbance of the elec- 
trical stability of the heart in postinfarction cardiosclerosis [4]. Studies of the protec- 
tive effect of adaptation have shown that it is based on activation of the stress-limiting 
system of the body and, in particular, of the GABA-ergic system, which is manifested as 
marked accumulation of GABA in the brain. In complete agreement with this it has been shown 
that injection of a chemical factor, inducing GABA accumulation in the brain, namely sodium 
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