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Alcoholic myocardiopathy (AMC) is a frequent complication of alcohol abuse. To create
a model of AMC in rats, continuous long-term administration of ethanol is usually used.
Meanwhile human alcohol intake is not continuous but, as a rule, alternates with a state of
hangover or abstinence. The role of the postintoxication syndrome in the pathogenesis of
AMC has not been Investigated.

The aim of this investigation was to study contractility and carbohydrate metabolism
in the myocardium of rats under different conditions of alcohol loading: inducing and not
inducing withdrawal reactioms.

EXPERIMENTAL METHODS

Animals of group 1 received a single intraventricular injection of 25% ethanol solution
in a dose of 8 g/kg. TFor 3 months the animals of group 2 were allowed free access to 10%
ethanol solution and to water. Saccharine (0.125%) and sodium chloride (1%) were added to
the ethanol solution to stimulate its consumption [14]. The mean daily ethanol intake in
this group was 4.8 + 0.3 g/kg. Rats of group 3 were given intraventricular injectiomns of
25% ethanol solution twice a day in a dose of 8-9 g/kg daily [1]. The rats were anesthe-
tized with urethane 3-4 h and 1, 3, and 6 days after the last injection of ethanol or after
access to it was discontinued, and the heart was removed and perfused by Langendorff's
method under a hydrostatic pressure of 100 mm Hg. The perfusion fluid consisted of Krebs—
Henseleit solution to which a 1% solution of gelatinol, which significantly increased the
stability of working of the heart, was added to improve transcapillary fluid exchange.
Considering that gelatinol contains Catt and Nat ions, appropriate corrections were made
to the Krebs—Henseleit solution; the pH of the buffer solution, on saturation with carbogen
(95% 0; and 5% CO,) and at 37°C, was 7.4. After 10 min of continuous perfusion of the heart
a change was made to reperfusion with recirculating solution in a volume of 50 ml. The total
duration of reperfusion was 50 min. The peak systolic pressure (PSP) in the left ventricle,
the heart rate (HR) and the coronary flow (CF) were recorded. The PSP was measured by means
of an electromanometer (Statham), connected to a latex balloon, introduced through the auri-
cle of the left atrium into the left ventricle. The tension time index (ITI) of the myo-
cardium was calculated by the formula (PSP x HR x T)/1000, where T is the tension time of
the left ventricle [12].

Considering that activation of glycolysis is one of the earliest signs of AMC [7, 10]
the glucose uptake and lactate release by the hear were studied. In the period from the
10th to the 30th minute of reperfusion, 2-ml samples of perfusion fluid and of glycogen in
the rats' heart were determined by enzymic methods [2, 4, 5]. The blood ethanol level was
determined by gas chromatography [6]. For histological investigation, the hearts of 10 rats
of group 3, 8 days after the last injection of ethanol, were fixed in formalin, and frontal
sections were embedded in paraffin wax. The dewaxed sections were stained with hematoxylin
and eosin.
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TABLE 1. PSP, HR, TTI, and CF of Isolated Rat Heart at Different Times after a
Single Injection of Ethanol (group 1), and Chronic (3 months, group 2) and Forced
(5 days, group 3) Alcohol Loading

" Duration of reperfusion, min
o)
B m Expgrimental o 30 5
o, conditions a8 HR, HR '
& £ E| PSP, g . |psp, : . CF, ml/
0. . beats/ TTI CF, ml/min beats TT1 Lt
& 5 EE mm Hg in mm Hg min / min
1- Control 8| 13245 |229+7 1,560,056 | 17,6-+0,9 |126+7 1234=11]1,614+0,11 | 16,7=1,2
after injection of
ethanol:
3—4h 8| 1363 |244+9 1,654-0,06 | 22,5+1,2% | 139+4 |244+11|1,610,10 | 21,8+1,5%
1 ga 6| 13845 1257+9*% |1,7240,09 | 22,841,4*% | 1405 | 2656+-6%{ 1,734-0,09 | 21,2:4-0,8%
3 ays 8 | 130+4 }232+9 1,60£0,07 | 19,141,2 | 12645 |236+=12]1,45--0,07 | 18,4+1,1
2. |Control 8| 13348 |225+10 |1,50-£0,14 | 23,841,2 |12447 |229--8 11,4040,15 | 22,1=1,6
after stopping access
to ethanol
3—4h 8| 12447, 1238+9 1,4040,11 | 21,8++0,9 {11446 {2366 !1,304-0,09 | 20,9=1,5
1 day 8 | 12246 ]229+11 |1,380,12 | 18,7-+1,5% [111--7 2166 | 1,1640,06 | 15,7+1,7*
3days 8 | 125:+3 1214410 |1,33:£0,07 | 24,0+1,5 |125--3 |229+8 |[1,394+0,06 | 21,9=1,6
3- Controt 11} 13245 |229+7 1,5640,05 | 17,640,9 [12647 |23411{1,5140,11 | 16,7=1,2
after last injection of
ethanol
3—4h 81 12445 |[2254-8 1,4130,08 | 17,640,8 |124+6 [229+11|1,45+0,10 | 17,9+1,0
1da 8 1124-6% | 23146 1,134£0,05% 1 16,4+1,6 |104=47% 2867 |1,0940,06*| 15,0+1,1
3days 8 | 12646 |1914£17%{1,060,13%| 14,24+0,8 |124--5 | 208=-11{1,06-0,07%| 14,8+0,8
Gdays 8 | 12747 |255-+12 |1,5840,11 19,941,3 | 12245 | 259+12|1,54-+0,10 | 18,1+0,9

Note. Here and in Table 2: *) p <0.05 compared with corresponding control.
TTI expressed in mm Hg'sec/min-1000.

TABLE 2. Glucose Intake and Lactate Release of Isolated Heart and Glyco-
gen Concentration in Heart of Rats at Different Times After Single Injec~
tion of Ethanol (group 1) and Chronic (3 months, group 2) and Forced (5
days, group 3) Alcohol Loading

Group of Number of |Glucoseuptake,| | Glycogen, pmoles
; Experimental condirions ; moles/g dr ctate Iacose/g dr
animals peri ! i animals ’\fveight (8 50he | excretion %eight otg tis.Zue
1- Control 8 84+12 1743 —_

After injection of ethanol
—4 h 7 746 1744 —
1 day 6 757 1655 -
3dajys 8 8015 172 -
2. Control 8 924-8 2846 54+4
After stolpping access to
ethanol:
3—4h 8 1304-8* 2343 59-+-6
1 day 8 114+9 32+3 667
3 days 8 101410 3845 6747
3- Control 8 84412 1743 5146
After last injection of
ethanol:
3—4h 8 102418 2443 164-2*%
1da 8 1764:24% 363* 637
3 days 8 121414 2443 344-4%
6 days 8 133+15* 224-5 884-6*

Note. Glucose uptake and lactate excretion estimated during period from
10th to 30th minutes of perfusion; glycogen in heart tissue was deter-
mined on animals of a separate group.

RESULTS

No withdrawal reaction was observed in the rats of group 1. Some rats of group 2 showed
isolated signs of a weak withdrawal reaction. Clear signs of a withdrawal reaction [1] were
observed in the animals of group 3 and they reached a peak of severity 18-24 h after the last
injection of ethanol. The ethanol concentration in the blood 3-4 h after a single injection
(group 1) and the last injection (group 3) was 113 + 10 and 101 + 12 mM, falling after 24 h
to under 2 mM. In the rats of group 2, during alcohol loading the blood ethanol concentra-
tion at different times of day (9 a.m. and 5 p.m.) did not exceed 5 mM, In the rats of
groups 1 and 2, disturbances of contractility of the heart were not discovered at any time
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Fig. 1. Perivascular area of necrosis. Hematoxylin-eosin, 500x%.
Explanation in text.

of the investigation (Table 1). In the rats of group 3, 24 h after the last injection of

ethanol, at the time of greatest severity of the withdrawal reaction, PSP and TTI were re-
duced by 15 and 28% respectively. On the 3rd day after the last injection of ethanol, TTI
remained low due to slowing of the heart. By the 6th day no disturbance of contractility

or rhythm of the heart could be found.

The glucose uptake and lactate release by the heart in rats of group 1 were unchanged
at all times after injection of ethanol (Table 2). In the animals of group 2, the glucose
uptake, 3-4h after access to ethanol had stopped, was raised by 41%, and it fell to the con-
trol level 24 h later. The rate of lactate release was unchanged. No significant changes
in the glycogen level in the heart were observed under these circumstances.

The glucose uptake and lactate release by the heart of rats of group 3, 3-4 h after the
last injection of ethanol were the same as in intact rats. After 1 day the glucose uptake
was doubled, after 3 days it had fallen to the control level, and after 6 days it showed a
further rise. The increased glucose uptake 1 day after the last injection of ethanol was
accompanied by increased lactate release. The glycogen concentration in the myocardium of
the rats of group 3, used in the experiments 3-4 h after the last injection of ethanol, was
reduced by 70%, it returned to normal after 1 day, fell again on the 3rd day, and rose
sharply on the 6th day of the investigation (Table 2).

Histologically, single and multiple confluent necrotic areas, perivascular in distribu-
tion, were discovered in the hearts of the rats of group 3 (Fig. 1). Thus acute ethanol
intoxication is not reflected in the state of contractility or carbohydrate metabolism of
the isolated rat heart. Long-term ethanol consumption by rats under free choice conditions
1ikewise does not lead to the development of disturbances of cardiac contractility. The
increase in glucose uptake by the heart of these animals, in the absence of changes in
lactate release, is evidence of activation of glycolysis without any significant disturbances
of biological oxidation, in agresment with data obtained by other workers [7, 10]. The
ethanol withdrawal reactics, which develops after intensive alcohol loading of short dura-
tion, leads to a 4isturbance of the contractile function of the heart and of its rhythm,
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Changes arising in carbohydrate metabolism under these circumstances are similar to those
found when the energy metabolism of the myocardium is disturbed [13]. A fact of fundamental
importance 1s that disturbances of cardiac activity develop in the postintoxication pericd,
when the ethanol concentration in the body had fallen to its background level. The morpho~—
logical substrate for these disturbances consists of disseminated necrotic foci in the myo-
cardium. After a single injection of ethanol in a sublethal dose, and after chronic alecchol
loading of rats, no necrotic lesions can be found in the heart [3, 8].

These results are evidence of the important role of the postintoxication syndrome in
the pathogenesis of AMC. It seems probable that the unsuccessful attempts to produce experi-
mental models of AMC [8, 9] are due to the use of continuous alcohel loading of the animals
and the absence of periodic withdrawal reactions.
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