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Abstract—Using high performance liquid chromatography (HPLC) with fluorometric detection. thirty-
three amino acids (AA) and related compounds were measured in plasma obtained from catheterized
rats over a 3-hr period following a 2 g/kg. i.p.. injection of ethanol. The concentrations of twenty-three
of these compounds had decreased significantly 15 min after the injection. and twenty of the twenty-
three remained depressed for the 3-hr period. Marked reductions were noted for alanine and arginine.
Glutamic acid, 1-methylhistidine and 3-methylhistidine were unaffected by ethanol. During these studies
individual differences were observed in that some rats showed marked biochemical changes. whereas
other rats showed only minimal responses. These observations indicate that ethanol administration may
have a significant and long-lasting impact on plasma amino acid biochemistry.

Amino acids (AA) are key biochemicals in virtually
every organism and changes in basal levels could
provide early warning signals of pathology for certain
diseases. For this reason. plasma AA have received
a large amount of attention and have been well
studied in rats during the resting state as well as
during exposure to many drugs including ethanol. In
the case of ethanol, it has been shown that ethanol
decreases certain plasma AA in rats [1-5].

Unfortunately. these animal studies of AA suffer
from certain deficiencies which may affect the val-
idity of their results. First, blood was obtained by
decapitation which we have shown to produce arti-
facts in the levels of some AA [6]. While this was
minimal and nonsignificant for some AA (e.g. serine.
lysine). it was significant for other AA (e.g. aspartic
acid, glycine). Second. reports on the effects of eth-
anol on AA levels generally measure plasma AA
values at only one time point. A single time point
measurement may be insufficient since AA may
increase or decrease during ethanol exposure over
time. Third. studies on ethanol have reported mean
values for groups of animals. Individual values could
not be further evaluated due to the fact that the
animals were decapitated and provided only one data
point. The existence of individual differences could
only be inferred from the resulting large standard
deviations. Recent work with individual rats has
shown that indeed large biochemical differences can
be found among members of the same group of
“inbred™ animals in response to an alcohol-stress
situation [7].

Thus. the exact responses of plasma AA con-
centrations in individual rats to ethanol over a longer
time period are still unknown. For this reason, we
measured the effect of ethanol (2 g/kg. i.p.) on the
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plasma levels of thirty-three amino acids and related
compounds. determined by ion-exchange high per-
formance liquid chromatography (HPLC) with flu-
orometric detection [6]. in catheterized rats able to
move freely. The data obtained represent more exact
values for these AA in response to ethanol in indi-
vidual rats over a 3-hr period.

METHODS

Animals  and  catheterization. Eleven male
Sprague-Dawley rats (Perfection Breeders, Doug-
lasville, PA), 230-270 g. were used in this study.
The animals were fitted with indwelling silastic tubing
catheters in the jugular vein as previously described
[8]. Catheters were kept patent with a dilute heparin
solution (100 units/ml of saline). The animals were
allowed to recover from surgery for 24 hr before
testing: this had been found to be sufficient for
recovery from surgery. They were housed indi-
vidually with free access to food and water.

Alcohol and saline injections and preparation of
plasma samples. Blood (0.3 ml) was drawn from the
animals through the catheter into a heparin-con-
taining svringe (about 200 units/ml blood) while
undisturbed in the home cage (1 = 0 min). Eight rats
were then injected with ethanol (207 . w/v. solution.
2g/kg. i.p.). and three animals were injected with
an equivalent volume of saline (i.p.). For each rat.
blood samples were then drawn 15. 30. 60. 90, 120
and 180 min after either ethanol or saline injection.
All samples were centrifuged to obtain plasma which
was stored frozen at —80°.

At the time of analvsis. plasma samples were
thawed. and an aliquot (0.15 ml) was deproteinized
immediately as previously described [8].

Amino acid analvsis. The levels of AA and related
compounds in deproteinized plasma samples were
determined by HPLC as previously described [6].
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Ethanol and rat plasma amino acids

This procedure utilized a meter long microbore
HPLC column containing spherical cation-exchange
resin and fluorescence detection following post-
column reaction with o-phthalaldehyde. Lithium cit-
rate elution buffers were used to separate the AA
and related compounds. This technique has been
fully validated in a previous study [6].

Evaluation. Individual AA were quantitatively
determined by relating their chromatographic peak
heights to the peak heights from a known amount of
aphysiological AA standard and aninternal standard
(m-fluorophenylalanine). Statistical analysis of the
data was performed by an analysis of variance for
repeated measurements with a Newman-Keuls post
hoc test. Values of P <0.05 or less were considered
significant.

RESULTS

Injection of saline had no effect on the levels of
plasma AA and related compounds during repeated
blood sampling over 3 hr. This is in agreement with
earlier findings that nine repeated blood drawings
over 2 hr have no effect on plasma AA levels [6].

Table 1 shows the levels of plasma A A and related
compounds before (r=0min) and after (t=15-
180 min) a single injection of ethanol. None of the
AA levels increased significantly after ethanol
administration. However, the levels of the majority
of the detectable plasma AA and related compounds
(twenty out of thirty-three) decreased significantly
during the first 15 min after ethanol injection and
remained depressed for at least 3 hr. Alanine and
arginine showed the greatest reduction from baseline
plasma levels (approx. 40%). Glutamine and a-
aminobutyric acid decreased significantly after
15 min but returned to baseline values after 60 min.
Finally, some AA levels were not altered after eth-

anol administration (glutamic acid, pB-alanine,
hydroxylysine, 1-methylhistidine and 3-methyl-
histidine).

During this study. individual animals varied in the
responses of certain AA to ethanol. Table 2 shows.
as an example, the response of plasma tryptophan
to ethanol in three of the rats. Although the baseline
values of tryptophan differed for rats 1 and 2. both
animals showed about the same marked response to
ethanol (about a 409 decrease from baseline levels).
However, the responses of rats 2 and 3 to ethanol
were very different even though their baseline values
of tryptophan were about the same.

Table 2. Individual differences of tryptophan levels in
response to ethanol (2 g/kg. i.p.)
Tryptophan (nmoles/ml plasma)
Time after injection (min)
0 15 30 60 120
(Bascline)
Rat | 89.4 48.2 37.3 46.3 46.9
Rat 2 60.1 351 30.3 30.1 23.1
Rat 3 61.8 56.4 38.9 42.6 42.9
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DISCUSSION

Most of the measured plasma AA levels decreased
markedly 15 min after a 2 g/kg sample of ethanol
was injected, i.p., into a rat. Neither sequential
blood collection nor a saline solution affected
measured plasma AA levels. Most of these AA
remained at these reduced levels for the period of
3hr. Two amino acids. glutamine and a-amino-
butyric acid, however, displayed a sharp drop in
concentration (evident 15 min after injection) which
then returned to baseline levels after 60 min. No
changes were seen with the methylhistidines. Since
3-methylhistidine, a known indicator of muscle
degradation [9]. did not change significantly, we
believe that little or no muscle damage occurred due
to ethanol exposure.

Although our results in general agree with those
of other investigators [2. 3, 5]. that an acute dose of
ethanol decreases most rat plasma AA, there were
some exceptions. Eriksson and coworkers [3] re-
ported that the values of aspartic acid and cystine
in controls and ethanol-treated rats are the same:
however. we found significant differences between
baseline values and those after ethanol injection.
The differences may have been due to the fact that
the fluorescent HPLC procedure we used is more
sensitive [6]. Those authors also reported that etha-
nol did not alter glutamine concentration at 60 min.
We found, however. that ethanol decreased glu-
tamine levels before returning to baseline levels after
60 min. The discrepancies between these studies may
have resulted from the different methods of blood
collection since the catheterized plasma gives more
valid plasma A A levels than the decapitated animal.
The observation that ethanol decreased most plasma
AA 1n the rat is in agreement with human studies
which show that an acute dose of ethanol decreases
plasma AA in healthy and alcoholic individuals [10~
13].

There are several possible reasons for an ethanol-
induced decrease in most plasma AA. Since ethanol
is oxidized to acetaldehyde via NAD ™. the coenzyme
of alcohol dehydrogenase (EC 1.1.1.1). an increase
in the NADH/NAD™ ratio resulting in a cor-
responding increase in lactate/pyruvate ratio is
observed [14. 15]. However. because it is necessary
to regenerate NAD™ to further oxidize the ethanol
load. other oxidizing agents such as pvruvate or other
ketoacids would be necessary to convert NADH
back to NAD™. It is possible that AA could serve
as a source of ketoacids by undergoing oxidative
deamination to ketoacids and. thus. the levels of
plasma AA would decrease after acute ethanol
administration. Second. ethanol could inhibit trans-
port of AA from the small intestine to the blood
stream resulting in reduced plasma tevels [16]. Third.
acute administration of ethanol can result in hvper-
glvcemia [15]. Insulin levels may increase and result
in an increase in the uptake of AA into muscle and
adipose tissue and a decrease in plasma AA [17].
Finallv. Eriksson and coworkers [2] found that
propranolol. a f-adrenergic antagonist. partially
blocked the ethanol-induced decreases in plasma
AA. They reasoned that increases in epinephrine
and norepinephrine levels. by high doses of ethanol.
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stimulated p-adrenergic receptors in the liver [18]
which produced increased blood flow through the
liver and caused an increase in AA metabolism in
the liver and a decrease in the plasma AA [19].

[t has been generally accepted that the availability
of certain brain AA (e.g. tryptophan) depends on
their plasma levels [20. 21] as well as on their com-
petition with other plasma AA (c.g. isoleucine,
leucine. tvrosine. phenvlalanine. tryptophan and val-
ine [22-24]) for the same transport carrier through
the blood-bramn barrier [25.26]. In this study. we
found an ethanol-induced decrease in plasma trvp-
tophan which could aftect the level of brain tryp-
tophan. the precursor of brain serotonin [27. 28]. We
also observed an ethanol-induced decrease in plasma
tvrosine and phenyvlalanine which mayv affect the
levels of brain tvrosine and phenvlalanine. the pre-
cursors of brain dopamine, norepinephrine and
epinephrine [29. 30]. However. we found that. since
the ratio of these plasma aromatic AA to their com-
peting plasma AA does not change after ethanol
administration. a slight decrease or no change in
brain AA should be expected. This is in partial
agreement with reports that central levels of trvp-
tophan, tyrosine and phenylalanine levels atter eth-
anol injection remained unchanged or slightly
decreased [3.31]. However Pohorecky and co-
workers [5] found that brain tryptophan levels in-
creased while brain tyrosine levels decreased 2 hr
after ethanol (4 g/kg, i.p.) was injected into rats.
Only Badawy and coworkers [32] showed that brain
tyrosine level initially increased but decreased later
after the ethanol administration.

By using the catheterized rat. time curves showed
strong individual differences in the response of cer-
tain AA to ethanol. Table 2 shows just such an
example. Some animals responded only minimally.
whereas others showed marked responses to ethanol.
These individual differences may help to explain
why ethanol affects plasma tryptophan. tyrosine and
phenylalanine and their corresponding brain AA
more in some animals than in other animals. Similar
individual variances may explain why some alco-
holics experience more liver or brain damage than
do others under comparable circumstances. Perhaps
rats with low or high AA responses to ethanol could
be bred selectively to see if these animals are selec-
tively susceptible to changes in central neuro-
transmitter or to peripheral or central pathology. In
particular, perhaps strains of rats could be bred with
marked reduction in plasma tryptophan levels after
ethanol administration since alcoholics with depres-
sion have been claimed to have decreased plasma
tryptophan levels and decreased plasma ratios of
tryptophan to other neutral AA relative to controls
[33].
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