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Abstract-Male Wistar rats were given ethanol to provide approximately 30 per cent of the total 
calories consumed. Sucrose or lipids replaced ethanol isocalorically in controls. Ten per cent of the 
calories were usually provided by protein. except for in one experiment where both treated and control 
animals received 25 per cent of their calories from protein. The diets were given for periods up to 
35 days. When ethanol replaced sucrose isocalorically. incorporation of labelled amino acids into liver 
cell protein was reduced after treatment for 30 days. but not after treatment for I or 3 days. The 
reduced incorporation was present both m the presence of ethanol and 24 hr after the last intake 
of alcohol. When ethanol replaced lipids isocaloricallq, the same reduction of protein labelling was 
found as when sucrose was replaced. after treatment for 35 daqs. When both ethanol-treated and 
controls were given a protein-rich diet for 35 days. ethanol treatment caused the same reduction 
of amino acid incorporation into protein. as when both groups wcrc fed a low-protein diet. It is 
concluded that long-term ethanol treatment mediates a reduction of protein synthesis in the liver. 
This reduction requires some time to develop. is due to the inclusion of ethanol in the diet and 
is not counteracted by a high-protein diet. 

The effects of ethanol on hepatic protein metabolism 
have been studied less extensively than the effects on 
other parts of liver biochemistry. This may appear 
strange since effects on protein synthesis seems to be 
of central importance in the action of a series of other 
hepatotoxins [I]. Some of the effects of ethanol on 
total protein metabolism reported so far are partly 
conflicting. A single dose of ethanol given either irl 
cico or irl citvo have been reported either to reduce 
12-61, or to increase [7-91, or usually not to influence 
[Z. 6,X. l&14] the incorporation of labelled amino 
acids into stationary liver proteins. The chronic in- 

take of ethanol has been followed by reduced incor- 
poration in most instances [2, 14, 15-201. but in- 
creases [3] as well as no effects [ 13. 21, 221 have 
been reported. These contradictory results could have 
been due to differences among the various exper- 
iments with respect to animal type, strain and sex. 
to diets given, to the way of ethanol administration 
used, parameters which all could influence protein 
metabolism. We therefore wanted to test how the in- 
corporation of labelled amino acids into liver protein 
was affected by ethanol given for various periods of 
time by the same mode of administration throughout 
all experiments at controlled dietary conditions. 

MATERIALS AND METHODS 

Anirnds. Male Wistar rats, 29CL370 g final body wt, 
were offered an ordinary laboratory rat chow diet and 
water ad lib. for 7-14 days before start of the exper- 
iments. During this and the subsequent experimental 
period they were housed in separate plastic boxes, 

* Some of the results were presented at the Sixth Con- 
gress of Pharmacology (July, 1975). Helsinki. Finland. 

t Present address: Institute of Medical Biology. Univer- 
sity of Tromscl, N-9001 Tromsr?. Norway. 

two animals per box at 22 , 60 per cent humidity 
on a 12 hr light-12 hr dark cycle from 7 p.m. to 7 a.m. 

Ethanol trrufr~~~t. dirts cd erpcvk3~tul design. We 
used a drinking model slightly modified from Porta 
and Gomez-Dumm 1231. This model allows the ani- 
mals to choose between a liquid and a solid diet and 
omits the unphvsiological administration of ethanol 
by either gastric tube or intraperitoneal injection. 
Five experiments were performed, designated 
A. B, C. D and E. All experiments included ethanol- 
treated (ethanol constituting approximately 30 per 
cent of the calories consumed) and control groups. 
The animals of all groups were offered both a solid 
synthetic diet ctrl lib. and in addition a liquid diet 
(Table 1) from small drinking bottles. Ethanol was 
always given in mixture with sucrose to ensure that 
a significant amount was consumed [23]. In exper- 
iments A. B. C and D all bottles were filled with iso- 
caloric amounts of liquid food and the volumes con- 
sumed daily were recorded. In experiment E. the rats 
were pair-fed with one group of ethanol consuming 
animals as the leading. 

The duration of each experiment, the kind of solid 
and liquid diets used are given in Table I. It is seen 
that experiment A. B. C and D differred in duration 
only. Experiment D lasted for the same period of time 
as C. but the liquid diets of both experimental and 
control animals were replaced by water for the last 
24 hr before sacrifice. In experiment E, lasting for 5 
days more than D. another control group was in- 
cluded in which lipids instead of sucrose replaced eth- 
anol. In this experiment we also introduced two 
groups of animals on a high protein diet. One of these 
groups received ethanol while sucrose replaced eth- 
anol in the other. All diets in experiment E were re- 
placed by water and the same solid diet (type I) 24 hr 
before decapitation of the rats. 
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Table I. Experimental design and mean daily intake of various dlcts’ 

Expt Group 

4 Control 
Ethanol 

B Control 
Ethanol 

c Control 
Ethanol 

D Control 
Ethanol 

E (‘ontrol 
lipid 

Control 
Ethanol 
Control 

high 
prot. 

Ethanol 
high 
prot. 

Duration of Liquid diet Total diet (‘I,, of cal) 
No. of expt Solid diet 

rats (days) (t4pett (type): (ml da)) (col:day) EtOH Carboh. Lipid Protein 

6 I I IV 46 46 67 30 Y 
4 I I V 2x 43.4 33 26 32 Y 
5 3 I IV 46 46 67 30 Y 
5 3 I V ‘3 

;11 
35.7 27 2.3 3’) I I 

5 30 I IV 30 55 35 IO 
5 30 I V 2.7 35.7 27 23 3’) II 
5 30+ I 1 IV 3’) 3’) 54 36 IO 
5 30 + I I V 2-l 37.2 2Y 23 3x I I 

6 35 + I I 111 27 4I.Y 23 67 I 0 
6 35 + I I IV 41 41 56 34 I 0 
6 35 + 1 I V X 40.3 31 24 35 IO 

6 35 + I II IV 41 31 56 20 2-t 

6 35 + I II V 27 41.9 32 25 19 24 

* Rats were given the various solid and liquid diets for different periods of time. An additional day without ethanol 
1s dcsignatcd by “+ I”. The daily intake of liquid diet in all groups varied less than f IO per cent from the figures 
given. 

t The solid diets here supplemented with minerals. vitamins, choline. mcthionine [IX] and 5Og cystinelkg. and COW 
tanned I”,, of cal): Sucrose/starch (I:]) IO; Casein 20 (I) or SO (II); Soybean oilUrefincd lard (2:3) 70 (I) or 40 (II). 

? Containine (c&ml): Total I.55 (III and V) or 1.00 IV: as sucrose 0.55 (III). l.(X) (IV) or 0.60 (V): as soybean 
oil’ 1.00 (III); &‘ethanol 0.Y5 (V). ’ 

The daily intake of ethanol was about I3 g/kg body 
wt during the first week in all experiments. Since the 
rats drank an almost constant volume per day 
throughout the experiments. this figure declined to 
approximately log/kg after 4-5 weeks due to the in- 
crease in body weight during this period. 

It is seen from Table 1 that the rats from all groups 
received approximately 40 cal (35-46 Cal) daily from 
liquid, The total daily intake of calories may roughly 
be estimated to YOcal 1243 by all rats since only 
minor variations of weight gain were recorded among 
the various groups at least during the last 3 weeks 
of long-term experiments (Fig. 1). Thus all rats 
covered approximately one half of their caloric 
demands by solid diet and the other half by liquid. 
The approximate caloric composition of the total diet 
calculated on this background is given in Table 1. 
i\lthough this calculation may be misleading due to 
possible effects of ethanol on energy expenditure it 
appears that all rats received suficient amounts of 
minerals. vitamins, lipotropes. protein and amino 
acids since the solid diets contained more than twice 
the recommended values 1243. 

!Wcclsur-en1t’r7~ of lahrllrd urld ur1luhellrtl urnif trcirls 
a~1 proteir~. All rats were given an i.p. injection of 
labelled amino acids 75 min prior to sacrifice. I.25 /tCi 
(200 ~1) of [U-14C]protein hydrolysate (CFB. 25, 
54 mCi/matom carbon, The Radiochemical Centre. 
Amersham) was injected per 1OOg rat in experiments 
A, B. C and D. while 8 &i (200 ~1) of L-[4,5-3H]leu- 
tine (TRK ,170, 46 CQm-mole, The Radiochemical 
Centre. Amersham) per IOOg rat was given in exper- 
iment E. The rats were killed by decapitation, the 
liber was quickely excised, blotted, weighed and 
froyun in liquid nitrogen. In some experiments blood 
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Fig. I. Effect of diet on body weight in three different ex- 
periments (see also Table 1): 0, ethanol; 0, control; 0. 
control lipid; a, control high protein; A. ethanol high pro- 

tcin. Vertical bars indicate S.E.M. 
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Table 2. Effect of duration of ethanol treatment on the incorporation of labelled amino 
acids into protein* 

Control Ethanol 
Expt (dis;min.liver x IOh) (dis!min;liver x IO(‘) (“,,of control) 

A (I day) 5.00 + 0.3 I 4.X6 + 0.14 97.2 
B (3 days) 5.05 * 0.25 4.82 k 0.46 95.6 
C (30 days) 5.19 + 0.27 4.24 f 0.37t Xl.5t 
D (30 + I day) 1.50 + 0.30 3.45 + 0.23 _ 76.6t 

* Rats were treated as described in Table I, An additional day without ethanol is designated 
by “+ I da::. 1.25 AKi of [U-‘JC]protein hydrolysate per IOOg rat was injected i.p. 75 min 
before sacrlhce. The results are expressed as mean values f S.E.M.; the number of rats 
is given in Table I. 

i- r. -c 0.05 with respect to corresponding control. 

from the neck vessels was collected. plasma was 
separated and frozen. 

Samples of liver and plasma were homogenized in 
20 vol IO”;; trichloroacetic acid. After centrlfugation, 
0.5 ml of the supcrnatant was mixed with scintillation 
liquid [25] and trichloroacetic acid-soluble radioacti- 
vity (representing free amino acid(s)) was determined 
[ 141. In another supernatant sample, total free leucine 
was determined (Expt E) by methods described else- 
where [14]. The final protein pellet was prepared and 
the specific radioactivity measured as detailed else- 
where [IX]. Internal standard. L-[4.5-3H]leucine. was 
added to all radioactive samples and counted to 
check the quenching. which was found to be equal 
in all samples. Total protein was determined in liver 
and plasma by the methods of Lowry Tut trl. [26] and 
Gornall et al. [27]. respectively. 

Addirior~crl /~~~&re.s. Blood ethanol concentration 
was determined by gas chromatography 1281. Wil- 
coxon’s test was used to determine the statistical sig- 
nificance of the results, differences accompanied by 
x-values above 0.05 were considered as insignificant. 

RESL’LTS 

The results of experiments A. B, C and D are sum- 
marized in Table 2. Voluntary consumption of eth- 
anol for 1 or 3 days did not influence the incorpor- 
ation of a mixture of labelled amino acids into liver 
protein. The rats used in these experiments weighed: 
392. I + 8.2 g controls, 321.8 _t 10.4 g treated for one 
day; and 351 .O f 6.8 g controls. 332.2 + 7.5 g treated 
for 3 days. Treatment for 30 days reduced the incor- 
poration significantly. Blood ethanol concentration at 
sacrifice varied between 0.5 and 19.8 mM in cxper- 
iments A. B and C, the mean values were between 
5 and 6mM in all experiments. These variations 
probably represent differences in the daily pattern of 
ethanol consumption among different animals. since 
the amount consumed per single rat differed less 
than + IO per cent from the mean consumed per day. 
The omission of ethanol for one day before killing, 
after 30 days treatment (Expt D) did not significantly 
influence the reduced incorporation. indicating that 
the presence of the ethanol during the labelling period 
was unnecessary for the effect to occur. The weight 
of the rats used in experiments C and D are given 
in Fig. 1. The amount of trichloroacetic acid-soluble 
radioactivity was higher in livers from the ethanol- 
treated rats in all experiments, and the ratio between 
soluble counts from treated and control rats were: 

Expt A. 1.13; Expt B, 1.10; Expt C. 1.57; and Expt 
D, 1.09. 

In experiment E we found that the reduction of 
labelled L-leucine incorporation after ethanol was of 
the same order of magnitude as the reduction of in- 
corporation found in experiment D in which a mix- 
ture of labelled amino acids were used as precursors. 
It was further found that the effect of ethanol was 
present also when compared to a diet in which lipids 
replaced ethanol isocalorically (3 upper lines, Table 
3). The possibility existed that the reduction of incor- 
poration so far reported could at least partly have 
been due to the low protein content of the diet (about 
10 per cent of the total calories consumed, Table I). 
From Table 3 (2 lower lines) it appears that ethanol 
reduced the incorporation of labelled L-leucine into 
protein also when a protein-rich diet had been given. 
There was a consistent tendency towards decreased 
incorporation when the protein content of the diet 
had been raised (compare line 2 and 4. or 3 and 5 
in Table 3). In experiment E there was no more 
radioactivity in the trichloroacetic acid-soluble frac- 
tion of treated livers than in control livers (Table 3). 
When the specific activity of trichloroacetic acid-solu- 
ble L-leucine was calculated, no significant differences 
were found among the various groups in experiment 
E (Table 3). This showed that neither ethanol nor 
other dietary changes exerted major effects on the 
hepatic lcucinc pool. Ethanol consumption did 
further not significantly reduce hepatic protein con- 
tent as found and discussed earlier [l9]. 

We finally wanted to test if the labelling of circulat- 
ing proteins was affected in the same manner as 
stationary liver proteins. Table 4 presents the results 
obtained in experiment E. It is seen that the incorpor- 
ation into circulating proteins was reduced to the 
same degree as found for fixed liver proteins. The 
effect of ethanol treatment on plasma protein levels, 
however. was much less pronounced and was signifi- 
cant for rats on high protein diet only. 

DISCUSSION 

The present reduced incorporation found after 
long-term ethanol treatment represents some alter- 
ation of amino acid or protein metabolism. 

The level of trichloroacetic acid-soluble radioacti- 
vity in the liver was not decreased due to ethanol 
administration when measured 75 min after the injec- 
tion of labelled amino acids. This was also the case 
when trichloroacetic acid-soluble radioactivity was 
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Table 4. Effect of different diets and ethanoi treatment for 35 days on the incorpor- 
ation of labelled leucine into plasma proteins* 

Group 

Trichloroacetic acid- 
precipitahle 

(dis~min~nli plasma x IO&) 
Plasma protein 
(mgjml pfasma) 

Control lipid 4.76 & 0.36 
Control (sucrose) 4.25 * 0.30 
Ethanol 3.64 * 0.2gt 

Control high protein 4.09 * 0.2x 
Ethanol high protein 2.66 * 0.211 

* Exp~rirneIIt~l details are given in Table 3. 
* r < 0.05 with respect to corresponding control(s). 

63.4 ) 3.7 
58.6 f 4.1 
62.8 f 3.2 

67.3 * 4.f 
58.2 f 3.51 

determined 10 and 40 min after the administration of 
label (I. Marland, unpublished observatians). Nor 
was the specific radioactivity of the precursor 
changed. Although we were not able to measure the 
specific radioactivity of leucine at the site of protein 
synthesis [29]. our results did not indicate any 
changes of amino acid metabolism which could 
explain the reduced incorporation found. Since eth- 
anol treatment previously has been found not to effect 
the rate of degradation of newly synthesized proteins 
[IX]. and since an increased release of labelled pro- 
teins to the blood was unlikely [IS] (Table 4). reduced 
protein synthesis appears to be the most likely 
explanation of the present results. With the reserva- 
tion discussed here in mind. we will further refer to 
the reduced incorporation as an expression of a 
reduced rate of synthesis of at least some liver pro- 
teins. The reduced ill~orporation of amino acids into 
circulating proteins could, however, also represent a 
decreased secretion of labelled proteins by the liver 
ur other organs. 

Our experiments showed a significant reduction of 
the synthesis of total stationary liver protein. caused 
by chronic ethanol treatment. This reduction was in- 
dependent of gross llutrjtional de~ciel~cies, of great 
reductions in growth rate and occurred when ethanol 
was consumed voluntarily replacing either sucrose or 
lipids isocalorically in a controlled way (Table 3). Eth- 
anol feeding may reduce the concentration of amino 
acids in the liver due to decreased amino acid uptake, 
transport and other mechanisms, for discussion see 
[4, 14. 16.30.3 I]. The effect of ethanol on protein syn- 
thesis in animals given a low”prot~in diet could there- 
fore have been due to a reduction of the tissue con- 
centration of sotne free amino acids below a critical 
limit, leading to reduced protein synthesis, since it 
has been shown that the rate of hepatic protein syn- 
thesis is correlated to the tissue level of certain free 
amino acids [32,33]. This was however not likely in 
the present experiments. since reduced protein syn- 
thesis was found also in rats receiving a high protein 
diet. Since increased intake of protein during the feed- 
ing period did not stimulate hepatic protein synthesis, 
the low-protein diet seemed nutritionally sullicient 
with respect to protein svnthesis. 

Some results obtained ;n less strictlv controlled ex- 
perim~nts also revealed reduced i~~or~orat~on of 
amino acids into fixed hepatic proteins [2. 14Xl] 
after long-term ethanol treatment. Other reports do 
not show any reduction of protein synthesis 
[3. 13. 21, 221. In three of the latter reports [3, 13,211, 

however, incorporation was tested before ethanol 
treatment had lasted for 14 days. In the final report 
[22] the lack of isocaloric feeding might have contri- 
buted to the lack of effect. 

The effect of chronic consumption of ethanol on 
protein synthesis was found to be independent of the 
presence of ethanol during the period of incorpor- 
ation of label (Table 2). This effect was therefore dif- 
ferent from the effect of ethanol on albumin synthesis 
[34-X]. The reduction was thus not probably di- 
rectly linked to the redox changes a~ompanying eth- 
anol metabolism, but was rather due to effects of a 
more permanent character. 

Since our animals received ethanol in the same 
manner both in acute and chronic experiments, the 
present results indicate a progressive reduction of 
hepatic protein synthesis with time when ethanol is 
consumed daily. Few conl~arisons between acute and 
chronic effects of ethanol on protein metabolism have 
been reported in earlier literature [3,13). These 
results are further difficult to interpret in relation to 
the present ones since the same mode of ethanol 
administration was not used in acute and chronic ex- 
periments, and since the consumption of ethanol 
lasted for only 14 days._ Recently Burke rf (zi. [20] 
reported an inhibition of hepatic mitochondrial pro- 
tein synthesis which appeared after ethanol treatment 
of miniature swine for 6 weeks, but which was not 
present after 3 weeks, supporting the concept of time- 
dependent inhibition of total protein synthesis de- 
scribed in this paper. 

The biological importance of this time-de~ndent 
reduction of protein biosynthesis is unclear. It may 
be of some importance to notice that this reduction 
is present in livers where no triglycerides have accu- 
mulated and no other major changes of either bio- 
chemical or morphological nature are present 
[1X. 191. The present results may have a bearing at 
the well-known difference between short-term and 
long-term exposure to ethanol with respect to damag- 
ing potential to the liver, if inhibition of protein syn- 
thesis is considered as a hepatotoxic event. 

Ack,lowieciye,lterlts--Ur. H. Prydz, University of Tromse, 
is gratefully acknowledged for the determination of free 
hepatic leucine conc~ntratioll, 
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