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Incorporation of labelled amino acids into liver protein after
acute ethanol administration

(Received 2 May 1974; accepted 12 August 1974)

Chronic consumption of ethanol was accompanied by
reduced incorporation of labelled amino acids into rat liver
protein measured in viro[1-3] and in a perfused sys-
tem [3.4]. The present experiments were performed to
study the effect of acute administration of ethanol on the in-
corporation of labelled amino acids into liver protein. Pre-
vious results on the effect of acute ethanol treatment on the
synthesis of fixed liver proteins are controversial [5- §]. This
could have been due to effects of ethanol on the uptake of
amino acids[5,9, 10]. or on the hepatic metabolism of
amino acids [11. 12] which could have changed the spccific
radioactivity of the labelled precursor used in those incor-
poration experiments. Therefore, in the present study the in-
corporation was studied in experiments which allowed us to
assess if ethanol influenced the precursor pools.

Male albino Wistar rats (240-350 g final body wt) were
fed either ordinary laboratory chow plus water or in long-
term experiments a special diet {3, 4] providing approxi-
mately 11 g ethanol per kg rat and day for 4 weeks. In this
diet, ethanol calories constituted about 25 per cent of the
total calories consumed. In long-term control diets, sucrose
replaced ethanol isocalorically. All animals were fasted
24 hr before sacrifice. Liver perfusions were conducted as
described elsewhere [13, [4]. The pH of recirculating perfu-
sates (40 ml) was maintained at 7-40 + 0-02 by additions of
0-5 N NaHCO; from an autoburette monitored by a titrator
(ABU-13, Titrator 11. Radiometer, Copenhagen) coupled to
a pH-electrode (pH-meter 28, Radiometer. Copenhagen)

* This determination was kindly performed by Dr. Hans
Prydz, University of Tromse.

reading perfusate pH continually. Ethanol (19-2%, v/v) was
added after perfusion for 5min followed by infusion of a
128 per cent solution to maintain the desired ethanol con-
centration, infusion rate varying from 15 to 30 ul/min. Equal
amounts of perfusion buffer were added instead of ethanol to
control perfusates. More 0-:5 N NaHCO,; was added to eth-
anol perfusates than to control perfusates to keep pH at
7-40[15]. 0-5 M NaCl was therefore added to the latter per-
fusates to obtain an equal dilution. 50 uCi of [23-*H] L-
valine (TRK. 327, 39 Ci/m-mole, The Radiochemical
Centre, Amersham) was added to the perfusates after 15 min
and cycloheximide (Sigma) was added after perfusion for
1 hr. final concentration, 20 ug/ml. Plasma from 1 ml of per-
[usate was separated at times indicated and frozen at —20".
A liver lobe was ligated and removed after 1 hr, and several
liver samples were taken at the end of perfusion. All samples
were frozen in liquid nitrogen and stored at —20" until
analysis. Ethanol (025 g/ml 0:15M NaCl) 3-3 g/kg was in-
jected intraperitoneally into some rats 4 hr before sacrifice,
while controls were given an injection of saline only. All
these rats received 5 uCi/kg of [U-'*C] L-leucine (CFB.
67. 311 mCi/m-mole, The Radiochemical Centre, Amer-
sham) by the same route 3 hr later, | hr before decapitation,
when liver samples were taken, frozen and stored as de-
scribed above. Blood was collected from the neck vessels.
Ethanol concentrations were determined by gas chromat-
ography in perfusate (every 30 min}and in blood at sacrifice.
The concentration of free unlabelled leucine in liver was
measured* after precipitation of liver proteins with 3 vol ice-
cold 10%, (w/w) trichloroacetic acid (TCA). The superna-
tants were diluted with 9 vol 0-2M sodium citrate pH 22
containing 0-5%, (v/v) thiodiglycol and 0-019%;, (v/v) caprylic
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acid before analysis [16, 17]. Hepatic protein concentration
was determined in all liver samples according to the method
of Lowry et al. [18]. Samples of liver and perfusate plasma
were homogenized in 20 vol 109 TCA and total TCA-sol-
uble radioactivity (representing free amino acids) and TCA-
precipitable radioactivity (representing proteins) were mea-
sured as detailed elsewhere [4], Wilcoxon’s test was used to
determine statistical significance, x > 0-05 was considered
as insignificant.

The presence of cthanol (perfusate concentration O-15--
0-20%,. w/w) did not affect the amount of [*H]valine incor-
porated into protein of perfused livers after | hr (Table 1,
1 hr). Similar results were obtained after liver perfusion for
2hr 30 min, and after perfusion for 1hr at either higher
(0-25-0-30%,) or lower (0-05 0-15%) perfusate ethanol con-
centrations (data not shown). The proportion of label which
remained in liver protein | hr 30 min after administration of
cycloheximide was the same in ethanol-treated livers (perfu-
sate concentration 0-15-0-20%;) and in control livers (Table
1), indicating that the rate of protein degradation was unaf-
fected by ethanol. The release and leakage of labelled pro-
teins from these livers to the perfusate was not increased
within the period during which cycloheximide was present.
Valine used for protein synthesis in the perfused liver exists
In one separate intraccllular pool. which equilibrates readily
with  the extracellular  valine pool[19]. Acute
administration of ethanol did not affect either the distribu-
tion of labelled valine between perfusate and liver, or the
amount of free [*H]valine present in the liver after per-
fusion for 1 hr or 2 hr 30 min (Table 1). In separate exper-
iments, we found that the amount of [*H]valine present in
the liver 5 min after the addition of label was unchanged by
the presence of ethanol. The specific radioactivity of valine
in the pool used for protein synthesis could therefore be
considered to be similar in perfusions with and without eth-
anol. This implied that the rate of synthesis of stationary
proteins in the perfused liver was uninfluenced by ethanol.
Ethanol has been reported to reduce the incorporation into
proteins of the perfused liver [5]. The uptake of the amino
acid precursors used in that experiment was, however,
reduced by ethanol, and it is therefore uncertain whether
protein synthesis was affected. To our knowledge. that
report is the only one published until now concerning the
effect of ethanol on the incorporation of labelled amino into
protein of perfused livers.

The radioactivity found in perfusate proteins was, how-
ever, reduced by ethanol (Table 1). After perfusion for | hr,
5-6 per cent of the radioactivity present in hepatic proteins
was found in perfusate proteins of ethanol-treated livers,
while 7-1 per cent of the label present in control liver pro-
teins was found in control perfusates. This suggested that
cthanol cither reduced the synthesis or the release of perfu-
sate proteins. This observation seems related to the reported
reduction of albumin synthesis in the perfused liver [20]
and the intact animal [21, 22] after short-term ethano! treat-
ment.

In previously normal rats, injection of ethanol in vivo in-
creascd free leucine in the livers to 183 per cent and free leu-
cine counts to 189 per cent of the respective control values,
but did not influence the incorporation into hepatic proteins
(Table 2, 3 upper lines). When ethanol was given i.p. to rats
which had been given ethanol in their diets for 4 weeks, free

*J. Morland. unpublished observation.
t With the technical assistance of Arve Lorentzen and
Anne E. Sjetnan.

leucine concentration and radioactivity increased to 153
and 263 per cent respectively of their corresponding control
values. The incorporation of label into protein was mark-
edly reduced, however, to approximately 55 per cent of that
found in controls (Table 2, 3 lower lines). Ethanol given acu-
tely in vivo thus affected the amount of labelled leucine pres-
ent in the liver in both of these experiments. If the specific
radioactivity of the total intrahepatic free leucine pool mea-
sured after the labelling period. was considered to reflect the
specific activity prevailing during most of this period, this
activity (Table 2) could be used to correct the incorporation
data. It was then found that acute ethanol treatment alone
had still no effect on the incorporation of leucine into pro-
tein, and that the effect of long-term plus acute ethanol
treatment on apparent protein synthesis was even greater
than when it was estimated from uncorrected data. When
ethanol is given acutely in vivo as described here. plasma
corticosterone concentration increases [ 23-257. to the same
extent (6-fold) in both previously normal and long-term cth-
anol-treated rats* The lack of effect of acute ethanol
administration on protein synthesis {Table 1) as well as the
inhibitory effect of long-term ethanol consumption on liver
protein synthesis, shown previously [3, 4], was thus not
changed by this acute rise of endogenous corticosterone
levels.

The tissue levels of amino acids were estimated only once
in most of the present experiments, which therefore do not
allow any definite conclusions to be drawn concerning the
rate of amino acid uptake. The results obtained could, how-
ever. indicate that the reduction of hepatic amino acid
uptake reported for alanine and z-aminoisobutyric acid in
liver slices and perfused livers [S, 9, 10] does not apply to all
amino acids. Ethanol might therefore exert different effects
on the various carrier systems for amino acids (for refer-
ences see Christensen er al.) [26]. The increase of free hepa-
tic leucine observed in vivo in this report may point at an
effect of ethanol on amino acid uptake which could have
been a consequence of increased steroid hormone
levels {27, 28]. Reduced hepatic oxidation of leucine [29]
could also at least partially explain the accumulation of this
amino acid.

Department of Pharmacology, JorG MeRrLAaNDT
University of Oslo,

Blindern, Oslo 3,

Norway
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Oxidative cleavage of the ethylenic linkage of stilbene
by rabbit liver microsomes

(Received 17 June 1974; accepted 12 August 1974)

A variety of cthylenic compounds such as stilbene [1],
safrole [2], isosafrole [2], and quinine [3] have long been
known to undergo oxidative cleavage in the animal body
and excreted as carboxylic acids, e.g. in 1939 Stroud [1]
demonstrated benzoic acid to be the major urinary metabo-
lite of stilbene in the rabbit. Similarly, double bonds of car-
cinogenic hydrocarbons with olefinic character such as C,
of acenaphthylene [4] and the K-region of dibenz(a.h)anth-
racene [5] are also known to be oxidatively cleaved into
dicarboxylic acids in vivo. In microorganisms, aromatic
double bonds such as those of benzene, naphthalene. and
anthracene are cleaved by a dioxygenase via catechols [6].
Although nothing is known as yet of the cleavage
mechanism of ethylenic double bonds, including that of stil-
bene, an attempt to approach this problem has been made
by Hopkins [7] by using acenaphthene-1,2-diols as sub-
strates. During the course of the investigation on hepatic
microsomal interconversion of ¢is- and trans-acenaphthene-
1,2-diols both of which are urinary metabolites of acenaph-
thylene and of either c¢is- or trans-acenaphthene-1,2-diol, a
hypothetical ketol intermediate was thought to be unstable
and spontaneously rearrange to the chemical equivalent,
1,8-naphthalic aldehyde. being enzymatically [8] or non-
enzymatically [9] converted to 1,8-naphthalic acid. Further
investigations carried out by Drummond et al. [10], how-
ever, failed to detect the aldehyde in their microsomal reac-
tion system. The procedure used by Hopkins for the isola-
tion of the dicarboxylic acid was found later to be so drastic
that acenaphthene quinone formed from the diols by the

microsomes was autoxidized and failed to prove whether or
not the acid formation was enzymatic [10, I'1]. In view of
oxidative cleavage mechanism involving a new systcm other
than dioxygenation, the Hopkins® assumption is worthy of
reconsideration since a wide variety of olefins [12-157 and
arcnes [ 16, 17] have recently been shown to be oxidized by
hepatic microsomal monooxygenase to epoxides and subse-
quently hydrolyzed to glycols. This metabolic reaction is
strongly suggested to be closely related to a carcinogenesis
mechanism involving aromatic hydrocarbons such as ben-
zo(u)pyrene, dibenz(a,h)anthracene, and 7-methylbenzanth-
racene which are converted by hepatic microsomes into the
corresponding K-region epoxides as proximal active car-
cinogens [18 21].

Very recently, we have demonstrated that ¢is- and trans-
stilbenes are also converted by rabbit liver microsomes ster-
cospecifically to threo- and meso-1.2-diphenyl-1,2-cthane-
diols, respectively, via the corresponding epoxides [22, 23].
Furthermore, it was shown that a 9000 ¢ supernatant of a
rabbit liver homogenate catalyzed the interconversion of
the threo- and meso-glycols [23]. This fact would reasonably
indicate that the ketol, benzoin (benzoylphenylcarbinol)
which is considerably stable, is an intermediate for the inter-
conversion. A promising approach to the problem of the
oxidative cleavage of ethylenic double bonds by hepatic
microsomes could be to use the stilbene glycols as model
substrates and to prove the intermediacy of the ketol and
whether it is a precursor of benzoic acid or not.

For the isolation and identification of the intermediate,



