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Traditionally, the drinking of large amounts of
alcoholic beverages has been considered a common
predisposing or precipitating cause of gout (1).
Thus far, however, the possibility of a relationship
between ethanol and urate metabolism does not
seem to have been investigated. In an attempt to
evaluate a possible effect of ethanol on uric acid
metabolism, we have studied serum uric acid levels
in patients intoxicated with ethanol. Having ob-
served that ethanol leads to an elevation of serum
uric acid concentration, we investigated the mecha-
nisms of this effect.

MATERIALS AND METHODS

Subjects. Studies were conducted in 22 subjects, 31
to 67 years old, 19 males and 3 females (Subjects 4, 7,
19). None had gout or any known cause of secondary
hyperuricemia. Renal function was normal as judged
by blood urea concentration and urinary sediment, there
was no major hematological abnormality, and all except
Subject 8 were afebrile. Although all except Subject 14
admitted considerable ethanol intake in the past, at the
time of the study none showed clinical or laboratory evi-
dence of liver disease except Subjects 1, 4, and 8, who
had compensated hepatic cirrhosis. Subject 14 suffered
from chronic idiopathic adrenal insufficiency and was
being treated with desoxycorticosterone acetate (DOCA)
at the time of the study.

Studies in intoxicated patients. Sixteen patients were
studied when admitted to the hospital acutely intoxicated
with various alcoholic beverages. Venous blood was
drawn for chemical determinations at the time of ad-
mission and at intervals thereafter. In each patient, the
final serum uric acid concentration was compared with
the initial value. The mean of the individual differences
was calculated and its degree of significance tested by the
t test (2).
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Administration of ethanol. Seven subjects, 4, 13, 14,
15, 16, 17, and 22, were investigated on the Thorndike
Metabolic Ward before, during, and after ethanol adminis-
tration. The amount of ethanol administered is indicated
individually with the results observed in each of these
patients.
A. Intravenous infusions. In three subjects, 13, 14, and

15, ethanol was given after an overnight fast as a con-
tinuous infusion of a 15 per cent by volume solution
in isotonic saline. In Subject 15, this was preceded by a
2½-hour control period during which saline solution was
administered. In Subject 13, a control test with isotonic
saline solution alone was done on another day.

B. Oral tests. After an overnight fast, Subjects 4, 16,
17, and 22 were studied for a 2½-hour control period dur-
ing which water flavored with grapefruit juice was ad-
ministered orally to compensate for urinary water losses.
Thereafter, in addition to the water, the patients were
given ethanol in concentrations varying from 10 to 35
per cent by volume. This was administered every half
hour for the subsequent 8 to 10 hours, without food in-
take, and later, every 4 hours, in addition to diet, for ap-
proximately a day.

In addition to his intravenous study, Subject 15 was
given a 3-day course of oral ethanol preceded and followed
by control periods of approximately 2 days' duration.
Ethanol was administered every 4 hours as a 15 per cent
solution in water flavored with grapefruit juice. A mix-
ture of grapefruit juice and water alone was administered
during the control periods.

Subject 17 was submitted to 3 additional 1-day studies.
In place of ethanol, he was given isocaloric amounts of
glucose once and neutralized sodium lactate 1 at 300 mg
per ml twice.

Techniques. Subjects 4, 15, 16, 17, and 22 were kept
on a constant purine diet throughout the entire tests.
In Subjects 4, 15 (intravenous test), 16, 17, and 22, blood
was collected through an indwelling Cournand needle in
the brachial artery during the first 10 to 12 hours of the
test. Thereafter, and in all other subjects, blood sam-
ples were taken from a brachial vein with special care to
avoid stasis and to have the patient resting prior to the
blood sampling.
Serum uric acid was determined by the method of

Liddle, Seegmiller, and Laster (3). The difference be-
tween duplicates was usually less than 3 but occasionally
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as much as 5 per cent. Measurements were also done of
serum ethanol (4) and serum creatinine (5). Glucose
(6), hematocrit, and lactate were determined on whole
blood. For lactate determination, approximately 1 ml of
blood was transferred within 5 to 10 seconds after with-
drawal to a weighed glass-stoppered tube containing 9
ml of 10 per cent (wt/vol) trichloracetic acid in 0.5 N
HCl at 0° C and shaken vigorously at once. After re-

weighing and centrifugation, lactate was determined on

the supernatant fluid by the method of Barker and Sum-
merson (7). In our laboratory, the mean arterial lactate
level in 18 normal fasting and resting subjects was 7.1
mg per cent, with SD of 1.8 mg per cent. In Subjects 4,
17, and 22, urine samples were collected through an in-
dwelling Foley catheter, and measurements were made
of total volume, uric acid (3), creatinine (5), and pH,
with an H-2 Beckman pH meter. All determinations
were done in duplicate.

RESULTS

1. Serum uric acid and blood lactate in spon-
taneously and acutely intoxicated subjects. Fig-
ure 1 shows the serum uric acid concentrations of
12 subjects when acutely intoxicated and at vari-
ous intervals thereafter.

In Subjects 1 to 5 when intoxicated, serum uric
acid varied from 9.7 to 11.5 mg per cent, which is

SERUM URIC ACID AFTER ACUTE ALCOHOLISM

TABLE I

Blood lactate in acute alcoholics

Subject Serum alcohol Blood lactate

drunk sober

mg% mg%
4 325 36.0 7.5
6 320 24.5 8.0
8 265 16.5

11 400 17.0
18 290 21.5
19 262 13.0
20 350 34.5
21 278 15.5 9.0

Mean 311 22.3

well beyond the upper limit of normal of 7.5 mg
per cent for the enzymatic spectrophotometric
method (8). In all subjects, serum uric acid re-

turned to within the normal range on recovery.

In Subjects 6 to 12, serum uric acid values were

initially within normal limits, but in all these as

well as in Subjects 1 to 5, the values were higher
in the acute stage of intoxication than thereafter.
The average decrease in the 12 subjects was 38
per cent, p < 0.001.

Measurements of serum ethanol and lactate
were performed in four of the subjects above, 4,
6, 8, and 11, and in 4 additional acute alcoholics
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FIG. 1. SERUM URIC ACID CONCENTRATIONS IN 12 SUB-
JECTS WHEN ACUTELY INTOXICATED AND AT VARIOUS IN-
TERVALS THEREAFTER, WITH THE NORMAL RANGE (MEAN t
2 SD).
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FIG. 2. EFFECT OF INTRAVENOUS ETHANOL ON SERUM
URIC ACID CONCENTRATIONS.
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(Table I). Serum ethanol averaged 311 mg per
cent. The blood lactate concentration was elevated [ ORA ov
in each of the eight subjects. In three, in whom
measurements were repeated when sober, values mn % , ,.__.
had returned to normal. L \

2. The effect of ethanol on serum uric acid con- .jie.
centration. In Subjects 13 and 14, intravenous Ms% 0 *
administration of ethanol resulted in serum I)
ethanol levels of 225 and 200 mg per cent, re- 6L 8
spectively, with a concomitant increase of serum . 7(._)
uric acid in Subject 13, and possibly also in Sub- .6
ject 14 (Figure 2). The rise in serum uric acid 9oos
seemed to continue in both subjects beyond the ac-
tual period of ethanol administration, while serum :0.07
ethanol levels remained above 200 and 145 mg per .06
cent, respectively. On another day, Subject 13 0.6 /CAMACIDCEARACE
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FIG. 3. EFFECT OF ORAL ETHANOL ON SERUM URIC ACI
CONCENTRATIONS IN SUBJECTS 15, 16, 17, AND 22.

PIIG. 4. BLOOD AND URINE STUDIES WITH ORAL ETHANOL
IN SUBJECT 4.
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FIG. 5. BLOOD AND URINE STUDIES WITH ORAL ETHANOL
IN SUBJECT 22.
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was given intravenous saline solution without etha-
nol, and no change in serum uric acid was ob-
served. In Subject 15 (see Figure 2), no rise of
serum uric acid was observed with intravenous
ethanol, but the serum ethanol level surprisingly
never rose above 140 mg per cent. When this
subject was given a 30 per cent larger maintenance
-dose of ethanol orally for a much longer period, 3
days, he did show a rise in serum uric acid (Fig-
ure 3). Serum ethanol levels were not determined
during this oral test.

In all subjects given ethanol orally-Subjects
4, 15, 16, 17, and 22-serum uric acid increased,
and returned to control values when ethanol was
withdrawn (Figures 3, 4). Signs of moderate
intoxication, such as euphoria, were observed in
all subjects given ethanol.

3. Urinary studies. Urinary studies were con-
ducted in three of the patients given ethanol orally
(Figures 4-6). In all three, serum ethanol con-
centrations rose above 200 mg per cent, and blood
lactate increased to 16 to 22 mg per cent.
The rise in serum uric acid concentrations was

accompanied in all three subjects by a decrease in
urinary uric acid output to about 20 to 50 per cent

Poatent /7
045gm/lkg/hr

200
Mg.%/

/\0,SERUM ALCOHOL;'
00 _ ,.'

21
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FIG. 6. BLOOD AND URINE STUDIES WITH ORAL ETHANOL

IN SUBJECT 17.
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FIG. 7. BLOOD AND URINE STUDIES WITH ORAL SODIUM
LACTATE IN SUBJECT 17.

of the control values. The hematocrit, blood glu-
cose, and endogenous creatinine clearance re-

mained unchanged during the entire procedure,
and the ratio of uric acid clearance to creatinine
clearance paralleled urinary uric acid output (see
Figures 4-6). After cessation of ethanol intake,
urinary uric acid outputs returned to control
levels.

In Subject 17, on another day, a control test

was done with oral administration of isocaloric
amounts of glucose instead of ethanol. Blood glu-
cose rose from 86 to 230 mg per cent, but blood
lactate, serum uric acid, urinary uric acid output,
and creatinine clearance did not change signifi-
cantly.

In the same patient, sodium lactate was given
orally on a different day. As indicated in Figure
7, blood lactate and serum uric acid increased,
while urinary uric acid output decreased. Creati-
nine clearance remained unchanged and the ratio
of uric acid clearance to creatinine clearance paral-
leled the decrease in urinary uric acid output.
Similar results had been observed during a previ-
ous lactate test performed in the same patient over

a shorter period.
Urinary pH was measured in Subjects 4, 17,

1866

In I L



INTERRELATION OF URIC ACID AND ETHANOL METABOLISM IN MAN

0.4

0.3
mg /min.
M 0.2

0.1

0

0.4

0.3
mg/min.
c 0.2

0.1

0

0/8a /k /hr
I1 ORAALIIIII 009
PSODIUM...L..A.C.TATE'iRNfY//I
WIelm

u 3 4
HOURS

FIG. 8. EFFECTS OF LACTATE AND ETHANOL ON URINARY

PH AND URIC ACID OUTPUTS IN SUBJECT 17.

arid 22. In Subject 22, the urinary pH was acid
during the control period, and no significant
change was observed after ethanol administration.
Subjects 4 and 17, however, had an alkaline urine
during the control period, and in both cases ethanol
administration was accompanied by acidification of
the urine, as shown in Figure 8 for Subject 17.
When sodium lactate was administered to him,
urinary pH changed in the opposite direction and
became markedly alkaline (see Figure 8).

DISCUSSION

The data presented in Figure 1 indicate that in
subjects who had taken intoxicating amounts of
alcoholic beverages, serum uric acid concentrations
were significantly higher during the stage of acute
inebriation than after recovery. Furthermore, in
5 out of 12 subjects, the initial serum uric acid
levels were well beyond the upper limit of normal,
although none of the subjects had a known cause

of hyperuricemia. In all subjects, the values re-

turned to normal on recovery. These observations

suggest a relationship between uric acid and
ethanol, but they do not, by themselves, rule out
the possibility that the observed hyperuricemia
could be due to some factor other than ethanol,
for instance, another component of the alcoholic
beverages. That the observed hyperuricemia,
however, is due, at least in part, to ethanol itself
is suggested by the observation that administra-
tion of pure ethanol resulted in an increase of se-
rum uric acid concentration in 7 subjects (see
Figures 2-4). This rise in serum uric acid pro-
duced by ethanol was accompanied by a decrease
in urinary uric acid output (see Figures 4-6)
without alteration in glomerular filtration rate, as
indicated by endogenous creatinine clearances.
In all patients in whom urinary studies were done,
calculation of the deficit in urinary uric acid ex-
cretion represented in Figures 4 to 6 shows that
this could account for the rise in serum uric acid
observed in these patients, if we assume that they
had a uric acid pool which was stable and of nor-
mal size, and that the equilibration between serum
uric acid and the body's uric acid pool may nor-
mally take up to 12 hours or more (9).

In experimental animals, it has been shown
that the oxidation of alcohol to acetaldehyde, which
generates reduced diphosphopyridine nucleotide
(DPNH) (10), is in part coupled with the re-
duction of pyruvic acid to lactic acid (11-13), ac-
cording to the reactions indicated in Figure 9. It
is possible that a similar mechanism is at least
partly responsible for the rise in blood lactate
which has been observed in man after ethanol ad-
ministration (14-17), since in similar experi-
mental conditions an increase in the lactate: pyru-
vate ratio has been observed in arterial (18) and
hepatic venous (18, 19) blood. In the present
study, however, the cause of the rise in blood lac-
tate was not specifically investigated, and theo-

o/cohol
dehydrogenose

OH-3CH2OH + DPN ==CH,3CHO + DPNH + Ho
Alcohol Acetaldehyde

lactic
dehydrogenose

CH3COCOOH +DPNH +H+H== CH3CHOH COOH + DPN+
Pyruvic Acid Lactic Acid

FIG. 9. COUPLING OF THE OXIDATION OF ETHANOL AND
THE REDUCTION OF PYRUVIC ACID.
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retically, other mechanisms such as increased mus-
cular activity (20-22) or hyperventilation (23)
might play a role, although clinically these were
not evident. Furthermore, the high blood lactate
of hyperventilation occurs under conditions-al-
kalosis and unchanged lactate: pyruvate ratio (23)
-different from those after ethanol administra-
tion, which produces acidosis (24) and, as dis-
cussed above, a rise in the lactate: pyruvate ratio.
The subjects given ethanol in the present study
had no signs of peripheral circulatory failure, but
oxygen saturation was not measured, and thus
anoxemia, although unlikely, cannot formally be
ruled out as a cause for lactate accumulation.

In various conditions accompanied by an ele-
vated blood lactate, such as exercise (20, 21 ), tox-
emia of pregnancy (25), and glycogen storage dis-
ease (26), decreases in urinary urate excretion
and high serum uric acid levels have been de-
scribed. These effects have been attributed to the
rise in blood lactate, since lactate administration
is known to decrease urinary uric acid excretion
(27-29). Thus, it appears reasonable to assume
that the rise in serum uric acid concentration and
the concomitant decrease in urinary uric acid out-
put, which we observed in patients given ethanol,
resulted, at least in part, from the rise in blood
lactate. This concept is supported by the observa-
tion that the ingestion of sodium lactate by one
subject formerly given ethanol led to increases in
blood lactate concentrations (possibly due to alka-
losis as well as to the administered lactate as such),
decreases in urine urate excretion, and increases in
serum urate similar to those after ethanol (see
Figures 6, 7).

In the present and in previous studies investi-
gating the effect of lactate on renal uric acid
excretion (28, 29), the R, racemic, form has been
administered, but in mammalian species, L-lactate
is preferentially metabolized (30, 31). Since the
chemical method used (7) measures both D- and
L-lactate, and since the relative proportions of the
two isomers in the blood and their respective ef-
fects on uric acid excretion are unknown, it is
difficult to relate blood lactate values to urinary
urate excretion quantitatively. Qualitatively,
however, it seems well established that a reduction
in urinary uric acid excretion accompanies an in-
crease in blood lactate, whether the latter is

achieved by the administration of R lactate (28,
29, Figure 7) or whether it results from metabolic
causes, such as exercise (20, 21), toxemia of preg-
nancy (25), glycogen storage disease (26), or
ethanol, as shown in the present study.
The mechanism by which lactate affects urinary

uric acid excretion is unknown. Theoretically,
the dissociation of a weak acid, such as uric acid,
can be expected to decrease in acid urine, and
since ethanol administration may be accompanied
by acidification of the urine, this could result in
enhanced reabsorption of uric acid by back dif-
fusion of the un-ionized form. In two out of
three patients given ethanol, the rise in blood lac-
tate was accompanied by urinary acidification, as
had been described before (24, 32). Urinary
acidification, however, does not appear to be pri-
marily responsible for the decrease in urinary uric
acid output, since, in confirmation of previous find-
ings (33), in the patient given sodium lactate, the
urine became strongly alkaline; nevertheless, lac-
tate administration was accompanied by a decrease
in urinary uric acid output and a rise in serum uric
acid similar to those observed in the same patient
on alcohol administration, although the urine pH
was about 5 in the latter condition (see Figures
6-8). Furthermore, changes in urinary pH do
not, in general, markedly affect urinary uric acid
excretion (34).

In eight patients spontaneously intoxicated with
various alcoholic beverages (Table I), high blood
lactate levels were observed, confirming previous
findings (14). These values were as high as, or
even higher than, those found in the patients given
ethanol. As discussed above, similar lactate lev-
els are known to decrease urinary uric acid output.
Therefore, it is reasonable to assume that the hy-
peruricemia observed in patients spontaneously in-
toxicated with alcoholic beverages (see Figure 1)
is due, at least in part, to the following sequence
of events: oxidation of ethanol to acetaldehyde
generates DPNH, which reduces pyruvate to lac-
tate; the resulting rise in blood lactate decreases
urinary uric acid output, which leads to an in-
crease in serum uric acid concentration.
The role of this effect of ethanol on uric acid

metabolism as a predisposing or precipitating fac-
tor for arthritic attacks remains to be evaluated in
patients with gout.
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SUMMARY

1. Serum uric acid concentration was meas-

ured in twelve subj ects acutely intoxicated with
alcoholic beverages. During recovery, uric acid
concentrations decreased in all. In five, the initial
concentration was above normal, but returned to
within the normal range.

2. In seven subjects, oral or intravenous admin-
istration of ethanol resulted in a rise of serum uric
acid.

3. In three subjects in whom urinary studies
were done, the rise in serum uric acid was ac-

companied by a decrease of urinary uric acid ex-

cretion, without change in creatinine clearance.
This effect did not primarily result from urinary
pH changes.

4. Lactate administration produced a similar de-
crease in urate excretion, suggesting that the ob-
served reduction in urinary uric acid output and
the concomitant rise in serum uric acid were due
to the increase in blood lactate produced by the
oxidation of ethanol.
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