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Conversion of alpha-ketobutyrate to alpha-amino-n-butyric acid by isolated rat
liver cells: effect of ethanol

(Received 27 November 1980; accepted 1 June 1981)

Chronic alcohol consumption results in increased plasma
alpha-amino-n-butyric acid (AANB) in man [1] as well as
in experimental animals (rats and baboons) [2]. According
to Shaw and Lieber (3, 4], this rise is due, at least in part,
to excess hepatic production possibly associated with
decreased peripheral utilisation. The mechanism of
increased net hepatic production of AANB is unknown.
The breakdown of methionine being increased [5] and citric
cycle activity depressed [6] during chronic alcohol intoxi-
cation, a decreased oxidation and an increased availability
of a a-ketobutyrate (a-KB) (the precursor of AANB) may
be postulated. However, a possible effect of ethanol on the
conversion of a-KB to AANB could also take place. We
used therefore freshly isolated hepatocytes to define the
metabolic pathway involved in the conversion of a-keto-
butyrate into AANB and the effects of ethanol on this
conversion.

Materials and methods

Isolation and incubation of cells. Hepatocytes were iso-
lated according to Krebs et al. [7] from 18 hr fasted female
Sprague-Dawley rats of approx 200 g weight. The cells
were incubated at a final concentration of 2 x 10° cells/ml
in Krebs—Ringer bicarbonate buffer at pH 7.4 and 37°.
Incubations were carried out for 60 min in a Metabolyte
gyrotatory shaker (New Brunswick) at 90 oscillations/min
under 95% O, + 5% CO,. After storage on ice up to use,
hepatocytes were first preincubated for 10 min in the pres-
ence or absence of 2mM &-KB and either 4 mM L-gluta-
mine or L-asparagine or 2mM ammonium chloride. When
indicated, 2 mM aminooxyacetate was added.

Sample preparation and amino acid analysis. For amino
acid analysis, the samples were deproteinised with sulpho-
salicylic acid (4% w/v, final concentration). After centrifu-
gation at 4° during 10 min at 3000 g, the clear supernatant
was collected and adjusted to pH 2.2 with lithium hydroxide

(10%, w/v). Free amino acids in the cell extracts (kept at
—90° until analysed) were measured with an automatic
amino acid analyser (Liquimat, Labotron, West Germany)
[8].

Ethanol determinations. Ethanol (final concentration
10mM) was added after the preincubation period. The
reaction was stopped 60 min later by adding ice-cold perch-
loric acid (3% w/v, final concentration) and the supernatant
used for ethanol determination according to Bernt and
Gutman [9].

Chemicals. Collagenase (grade II), other enzymes and
coenzymes were from Boehringer, Mannheim, West Ger-
many; a-KB (sodium salt), L-glutamine and L-asparagine.
H,O from Sigma Chemical Co., St. Louis, MO. The other
chemicals used were of analytical grade.

Expression of resuits. The results are expressed as umoles
of substrate removed or produced per gram wet weight of
liver (on the basis of 10° cells per g wet weight of liver)
and per time unit. The results are given as the values from
at least two representative experiments from different liver
cell preparations.

Results and discussion

Cell viability. All preparations of cells satisfied the fol-
lowing criteria: (a) the ATP content was 20~25 nmoles/10°
cells; (b) the lactate dehydrogenase activity in the super-
natant was less than 10% of the total activity; (c) the rate
of ethanol oxidation during incubation with 10 mM ethanol
(at which concentration ethanol is mainly metabolised by
alcohol dehydrogenase reaction [10]) was about
0.9 umoles/min/g liver wet weight as reported by several
authors for similar preparations [10-12].

Formation of alpha amino-n-butyric acid (AANB) from
a-ketobutyrate (a-KB) in isolated rat liver cells. As shown
in Table 1, isolated rat liver cells were able to synthesise
about 1.60 umoles of AANB per g liver wet wt when
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Table 1. Formation of alpha amino-n-butyric acid (AANB) from a-ketobutyrate (a-KB) in isolated rat liver cells
incubated in the absence or presence of ethanol

Additions Substrates

Fthanol A O A None | —glutamine L-asparagine NH,C1
Exp. 1 - - 1oel om* F001 10,44 (pag ¥ toome.25 en* Fooom .87 (e *
. - togs ¥ Foro9r 11,58 7071 ¥ tasngsssam* tosnzasasn®*

- . NLD. Fro021 0.20 (0120 * 0.00 N.D.

ML Fioosr 0.5 03 * 0.00 N.D.
Exp. 2 - 1,59 {100 % Fo00 6,60 18 * Foom 150 2o * oo z.25 e
! - 2,80 176 ¥ Fion 6732 ® toran aeo s * tiso 337 i *

NLO. Fiom 013 o * 400 N.D.

B N.D. T\oow 0.47 1029V * 4.00 N.D.

Rat liver cells (20-40 mg of wet wit/ml) were incubated for 60 min in the presence of 2 mM a-ketobutyrate (a-KB)
and, when indicated, 4 mM L-glutamine or L-asparagine, 2 mM ammonium chioride (NH,CI) in the absence (—) or
presence (+) of 10 mM ethanol or/and 2 mM aminooxyacetate (AOA).

* Numbers in parentheses indicate percentage of the AANB production obtained in the presence of 2mM a-KB

alone.

t Numbers in parentheses indicate percentage of the AANB formation obtained without ethanol and

aminooxyacetate.
N.D. = not indicated.

incubated during 60 minin the presence of a-KB alone
(2mM). This AANB formation was associated with a
marked decrease in the L-glutamine concentration (about
75 per cent) whereas L-aspartate level was significantly
increased by about 60 per cent (Table 2).

The decrease in the L-glutamine level in hepatocytes
incubated in the presence of a-KB suggested a possible
role of L-glutamine as donor of the amino group for AANB
synthesis from a-KB. Consequently, we studied the influ-
ence of the addition into the medium of 4 mM glutamine
(at which concentration L-glutamine is metabolised in iso-
lated hepatocytes [13]) on AANB production from a-KB.
Such an addition resulted in a 4.5-6.5-fold enhancement

in AANB production (Table 1); at the same time, L-glu-
tamate was considerably increased, reaching 12 times the
control values (without any addition), and a 4-fold increase
in the L-aspartate level was observed (Table 2).

Similar experiments concerning the influence of the
addition into the medium of L-asparagine at the same
concentration (4 mM) showed that L-asparagine deter-
mined also an enhancement of AANB production from
a-KB, but the magnitude of this effect is smaller than that
obtained with L-glutamine (Table 1). A decrease in L-
glutamine concentration (about 70 per cent) is observed
under this experimental condition, suggesting either that
L-glutamine contributes to AANB synthesis from a-KB in

Table 2. Amino acid concentrations in isolated rat liver cells incubated with a-ketobutyrate (a-KB) in the absence
or presence of ethanol

Amino acid Additions Substrates
(um;“’::’;'lriav'o‘:'fm oy Ethanol 40 A None | —glutamine L-asparagine NH,CI
L-glutamine
1083 2 019 i - - 0.22 - 0.04% (3 - 0.235(0.14 - 0.33)  0.32 {0.20 - 0.44)
. - 0.24 - 0.31 (0.26-0.36)  0.23
- . N.D. - 0.75 N.D.
. . N.D. - 114 N.D.
l.~glutamate
1078 = 01145 - - 0.69 . 0.08 () 9.07 (8.53 - 9.61) - 0.89 (0.78 - 1.00)
. - (.845 (0.83 - 0.86) 7.15 - 1.235(0.82 - 1.65)
- . ND. - - N.D.
N.D. 16.9 10,5 23.3) - N.O.
{ ~aspartate
£ 030+ 0.04 (5 - - 0.49 » 0.08% (4} 112 (0,53~ 1.41) - 0.95 (0.65 - 1.25)
- 0,785 (0.60 - 0.4%) 1,145 (0.83 - 1.46) - 1.14 (0.72 - 1.56)
- - N.D. 0.48 (0.45 - 0.50) - N.D.
NLD. 05.8) (0.66 - 0.96! - N.D.
L-ornithine
£0.76 1 0.245) - - 0.53 + 0.3 (@) 0.11(0.09 - 0.13) 0.32 (0.23 - 0.41) 0.26 (0.16 - 0.36)
. - 0.3310.24 - 0.42) 0.165(0.13 - 0.20) 0.42 (0.38 - 0.46) 0.345(0.31 - 0.38)
- . N.D. 0.685 (0.66 - 0.71) 0.96 (0.86 - 1.06) N.D.
) . N.D. 0.70 (0.62 - 0.78) 0.845 (0.83 - 0.86) N.D.

Experimental conditions were identical to those described in Table 1. Each value represents the mean + S.E.M.
or the average of two separate experiments with range in parentheses. Values which are statistically different from
the values obtained without any addition () are indicated by *P < 0.05; N.D. = not determined.
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spite of the presence of L-asparagine or that ammonia
resulting from L-asparagine hydrolysis enhanced mito-
chondrial glutaminase activity [14] (Table 2).

The present data, showing that AANB production from
a-KB is enhanced by the addition of L-glutamine or L-
asparagine, are likely to result from transamination reac-
tions using L-glutamine or L-asparagine aminotransferase.
However, the role of transamination reactions involving
L-glutamate or L-aspartate produced by hydrolysis of L-
glutamine or t.-asparagine cannot be ruled out; experiments
testing the influence of L-glutamate or L-aspartate addition
to the medium on AANB production from a-KB were not
undertaken as these dicarboxylic amino acids do not readily
enter the hepatocytes [15].

Additional support for the involvement of transamina-
tion reactions in AANB production from a-KB in the
presence of L-glutamine or L-asparagine were obtained by
testing the influence of aminooxyacetate addition on this
production (Table 1). We have previously shown that
aminooxyacetate, which is known to inhibit alanine and
aspartate aminotransferase [16], also inhibits in vive glu-
tamine aminotransferase [17]. As shown in Table 1,
aminooxyacetate addition reduced by about 98 per cent
AANB production in the presence of L-glutamine and
supressed it completely in the presence of L-asparagine.

Whereas the previous results favour the involvement of
transamination reactions using L-glutamine {or r-gluta-
mate) and L-asparagine (or L-aspartate) as nitrogen donors,
L-ornithine could also contribute to AANB formation from
a-KB through the ornithine aminotransferase reaction; as
a matter of fact, a decrease in the cellular ornithine level
was found to occur when hepatocytes are incubated with
a-KB either alone or in the presence of L-glutamine or
L-asparagine and this decrease was suppressed by the
addition of aminooxyacetate (Table 2).

Reductive amination of a-KB through glutamate dehy-
drogenase as described in vitro {18] could also play a role
in AANB production from a-KB. The fact that amino-
oxyacetate almost completely inhibits AANB production
from a-KB in the presence of either L-asparagine or L-
glutamine (whereas we have previously reported {17] a
stimulating effect of aminooxyacetate on glutaminase
activity) argues against a major involvement of this pathway
in isolated rat liver cells. Further arguments for such a
statement result from the finding that NHCl addition

Short communications

(2 mM) to the medium induced only a slight increment in
AANB production from a-KB (Table 1). The glutamine
level was reduced by 60 per cent in such conditions associ-
ated with a 2-fold increase in the aspartate concentration
(Table 2); the stimulation of mitochondrial glutaminase
activity by ammonia [14] is likely to contribute to these
alterations in amino acid concentrations.

Effect of ethanol on AANB production from a~KB. Table
1 shows that the addition of 10 mM ethanol enhanced the
rate of AANB production from a-KB added either alone
or in the presence of L-asparagine or NH,Cl by isolated
liver cells. This stimulatory effect of ethanol was about 40
per cent under whatever conditions, but large variations
in AANB production were observed when a-KB was added
alone with ethanol (Table 1). On the other hand, ethanol
did not affect the AANB formation from a-KB before
strongly enhanced by L-glutamine (Table 1). The fact that
aminooxyacetate addition in the presence of L-glutamine
or L-asparagine suppressed almost completely AANB pro-
duction from a-KB even when ethanol was added, favours
the concept that reductive amination of a-KB does not
play a major role in the hepatic AANB synthesis. Table
2 shows that the ethanol-induced enhancement in AANB
formation from either a-KB alone or in the presence of
NH,Cl was associated with a slight increase in L-glutamate
and L-aspartate concentrations. So, it can be suggested that
ethanol acts upon the hepatic conversion of a-KB 10 AANB
by increasing the availability of glutamate as a nitrogen
donor for a-KB transamination |19, 20]. However, another
possible explanation is a decrease in the oxidative break-
down of a-KB in favour of transamination to AANB by
ethanol [6]. The precise mechanism whereby ethanol
increases AANB formation from a-KB remains to eluci-
date. In the presence of L-glutamine, it might be that the
stimulation of AANB production from a-KB was maximal
and ethanol could not exert its effect. This finding supports
the role playing by the availability of L-glutamate for the
conversion of a-KB to AANB.

Effect of a-ketobutyrate on ethanol elimination rate by
isolated rat liver cells. As previously reported {21, 22], the
rate of ethanol removal by isolated liver cells was accel-
erated by the addition of 4 mM L-asparagine {3-fold) or
2 mM ammonium chloride (about 2-fold) or 4 mM p-glu-
tamine at a lesser extent (64 per cent) (Table 3). Table 3
shows that the addition of 2 mM a-KB alone also induced

Table 3. Effect of a-ketobutyrate {a-KB) on the ethanol elimination rate
by isolated rat liver cells

Additions

Nitrogen substrates o KB AQA

Ethanot elimination rate
{umoles/min/g liver wet wt.)

None - -

L-Glutaming - -

L -Asparagine - -

NHQ(,I - -

o

B0« 0.12 (3)
.10 0.90 - 1.30)

.31 {0.87 - 1.75)
.85 {1.52 -2.17}
.98 (0.65 - 1.30)

@ -

39 1(2.17 - 2.6
B3 (3.52 - 1.74)
L1801.75 - 2.61)

o=t

AZ {110 - 174
L98 (0.65 - 1.30)

<

Experimental conditions were identical to those described in Table 1.
Each value represents the mean * S.E.M. or the average of two separate
experiments with range in parentheses.
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an increased rate of ethanol elimination (about 40 per
cent). When a-KB was added with L-glutamine, a 2.3
increase in ethanol oxidation was observed (Table 3). On
the contrary, when « -KB was added with L-asparagine or
ammonium chloride, it reduced by about 30 per cent the
stimulatory effect exerted by these substances added alone
on the rate of ethanol removal (Table 3). A possible
explanation for this finding is that the increased utilisation
of glutamate for AANB synthesis (Table 1) results in a
decreased availability of aspartate for the malate-aspartate
shuttle. In contrast, the finding that addition of L-glutamine
in the presence of a-KB is more effective on ethanol elim-
ination than the addition of L-glutamine or a-KB alone is
probably due to a stimulation by a-KB of glutamine uptake
and metabolism in hepatocytes. The effects of «-KB on
ethanol metabolism in the presence of L-glutamine or L-
asparagine are almost completely suppressed by amino-
oxyacetate addition (Table 2). This result suggests a rela-
tionship between the role played by L-glutamine or L-
asparagine in AANB production from a-KB and the effects
exerted by a-KB on ethanol metabolism.

In summary, isolated rat hepatocytes have been shown
to synthesise alpha-amino-n-butyric acid (AANB) when
incubated in the presence of a-ketobutyrate (a-KB). (1)
This AANB production is strongly increased when L-glu-
tamine or L-asparagine are also added to the incubation
medium, whereas ammonium chloride addition results only
in a slight enhancement of AANB formation. The changes
in the levels of some amino acids which are observed at
the same time as well as the effects of aminooxyacetate
suggest that AANB formation from a-KB involves mainly
transamination reactions with glutamine and/or glutamate,
asparagine and/or aspartate aminotransferase. L-Ornithine
could also contribute to AANB formation from &-KB. In
contrast, the reductive amination of a-KB does not appear
to play a significant role. (2) Ethanol added to 10 mM
exerts a stimulatory effect on AANB production from a-
KB either alone or in the presence of L-asparagine or
ammonium chloride, but it has no effect on the AANB
formation enhanced by L-glutamine. (3) The ethanol elim-
ination rate is slightly increased when a-KB is added alone,
but a-KB reduces the accelerating effect of L-asparagine
or ammonium chloride, whereas it enhances this exerted
by L-glutamine. These findings suggest a stimulation of
hepatic AANB production by ethanol resulting from an
enhanced availabilty of L-glutamate, L-glutamine + L-
asparagine for the transamination reaction with o-KB and
a possible contribution of this phenomemon to the
increased plasma AANB level frequently observed during
chronic alcohol intoxication.
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