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Effect of Sauna Bathing and Beer Ingestion on Plasma Concentrations
of Purine Bases

Tetsuya Yamamoto, Yuji Moriwaki, Tuneyoshi Ka, Sumio Takahashi, Zenta Tsutsumi, Jidong Cheng,
Taku Inokuchi, Asako Yamamoto, and Toshikazu Hada

o determine whether sauna bathing alone or in combination with beer ingestion increases the plasma concentration of uric

cid, 5 healthy subjects were tested. Urine and plasma measurements were performed before and after each took a sauna

ath, ingested beer, and ingested beer just after taking a sauna bath, with a 2-week interval between each activity. Sauna

athing alone increased the plasma concentrations of uric acid and oxypurines (hypoxanthine and xanthine), and decreased

he urinary and fractional excretion of uric acid, while beer ingestion alone increased the plasma concentrations and urinary

xcretion of uric acid and oxypurines. A combination of both increased the plasma concentration of uric acid and oxypurines,

nd decreased the urinary and fractional excretion of uric acid, with an increase in the urinary excretion of oxypurines. The

ncrease in plasma concentration of uric acid with the combination protocol was not synergistic as compared to the sum of

he increases by each alone. Body weight, urine volume, and the urinary excretion of sodium and chloride via dehydration

ere decreased following sauna bathing alone. These results suggest that sauna bathing had a relationship with enhanced

urine degradation and a decrease in the urinary excretion of uric acid, leading to an increase in the plasma concentration of

ric acid. Further, we concluded that extracellular volume loss may affect the common renal transport pathway of uric acid

nd xanthine. Therefore, it is recommended that patients with gout refrain from drinking alcoholic beverages, including beer,

fter taking a sauna bath, since the increase in plasma concentration of uric acid following the combination of sauna bathing

nd beer ingestion was additive.
2004 Elsevier Inc. All rights reserved.
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XCESSIVE PERSPIRATION may increase the plasma
concentration of uric acid via dehydration, which causes

yperuricemia.1-3 Since such an increase may induce gouty
ttacks in patients with gout, it is important to understand
hether sweating increases the plasma concentration of uric

cid via dehydration, which, to our knowledge, has not been
learly elucidated. In Japan, sauna bathing is very popular and
erceived to be good for health, and many people enjoy drink-
ng alcoholic beverages, especially beer, which increases the
lasma concentration of uric acid,4,5 after getting out of the
ath. Although purine metabolism, including oxypurines and
ric acid, is known to be affected by dehydration, there is no
nown study of the effect of sauna bathing or a combination of
hat and alcoholic beverage ingestion on purine metabolism. In
he present study, we investigated the effects of sauna bathing
nd beer ingestion alone and in combination on purine metab-
lism, including oxypurines.

MATERIALS AND METHODS

ubjects and Study Design

The study was performed with 5 healthy males, who ranged in age
rom 33 to 39 years and in weight from 55 to 78 kg. Each had normal
alues in a routine laboratory test, which included aspartate amino-
ransferase (AST), alanine aminotransferase (ALT), serum creatinine,
nd fasting blood glucose measurements. After informed consent was
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btained, the first experiment (sauna bath experiment) was performed
s follows. After an overnight fast, except for water, the subjects
ompletely voided their urine and then 1-hour urine samples were
uccessively collected 4 times over 4 hours (first, second, third, and
ourth periods, respectively). The first, second, third, and fourth blood
amples were drawn with heparinized syringes at the mid-point of the
espective periods.

Following collection of the first urine samples, body weight was
easured and the subjects immediately entered a sauna bath, set at

0°C, twice, for 10 minutes each time with a 10-minute interval. After
ody weight was measured again, the second blood samples were
rawn and the protocol, as described above, was continued. Two weeks
ater, the second experiment (beer ingestion experiment) was per-
ormed using the same protocol, except that regular beer (10 mL/kg of
ody weight, containing 5% ethanol) was ingested orally within 5
inutes after the second blood sample was drawn and without the

auna bath. Four weeks after the sauna bath experiment, the third
xperiment (combination experiment) was performed using the same
rotocol, with a combination of the sauna bath and beer ingestion.
urines present in beer (391 �mol/L) were determined in a previous
tudy.5

lood and Urine Sample Analyses

Plasma and urinary concentrations of hypoxanthine and xanthine
ere determined, as described previously,6 using a Wakosil 5C-18

olumn (4.6 mm inner diameter � 250 mm; Wako Pure Chemical
ndustries, Osaka, Japan). Uric acid levels in plasma and urine were
easured by the uricase method using an autoanalyzer, while the

oncentration of lactic acid in blood was measured by an enzymatic
ethod using a Determiner LA kit (Kyowa Medix, Tokyo, Japan). The

oncentration of ethanol in plasma was determined as described pre-
iously.5

tatistics

Values are expressed as the mean � SD. The significance of differ-
nces was assessed by analysis of variance (ANOVA) for all variables,

ith a P value of less than .05 considered statistically significant.

Metabolism, Vol 53, No 6 (June), 2004: pp 772-776
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773SAUNA BATHING/BEER INGESTION AND URIC ACID
RESULTS

lasma Concentrations of Purine Bases
hypoxanthine, xanthine, and uric acid)

Sauna bathing increased the plasma concentration of uric
cid from 323 � 32 �mol/L at the first period to 338 � 28
mol/L (P � .05), 342 � 29 �mol/L (P � .05), and 342 � 28
mol/L (P � .05) at the second, third, and fourth periods,

espectively, while beer ingestion increased that from 320 � 21
mol/L at the first period and 319 � 24 �mol/L at the second
eriod, to 354 � 26 �mol/L (P � .01) at the third period and
49 � 29 �mol/L (P � .05) at the fourth period. A combina-
ion of the two increased the plasma concentration of uric acid
rom 320 � 27 �mol/L at the first period, to 336 � 238 �mol/L
P � .05), 384 � 32 �mol/L (P � .01), and 380 � 28 �mol/L
P � .01) at the second, third, and fourth periods, respectively.

Sauna bathing alone increased the plasma concentration of
ypoxanthine from 1.03 � 0.34 �mol/L at the first period to
.76 � 0.86 (P � .01), 1.56 � 0.24 (P � .01), and 1.14 � 0.15
P � .05) �mol/L at the second, third, and fourth periods,
espectively, while beer ingestion increased the plasma concen-
ration of hypoxanthine from 0.92 � 0.30 �mol/L at the first
eriod and 0.82 � 0.34 �mol/L at the second period, to 1.70 �
.66 �mol/L (P � .05) at the third period, although it was not
ignificantly increased at the fourth period (1.18 � 0.34
mol/L) as compared to the first. A combination of the two

ncreased the plasma concentration of hypoxanthine from
.04 � 0.28 �mol/L at the first period to 2.68 � 0.94 (P � .01),
.84 � 1.06 (P � .01), and 1.62 � 0.34 (P � .01) �mol/L at
he second, third, and fourth periods, respectively.

Sauna bathing alone increased the plasma concentration of
anthine from 0.64 � 0.12 �mol/L (P � .01) at the first period
o1.14 � 0.28 (P � .01), 0.94 � 0.18 (P � .01), and 0.86 �
.20 (P � .01) �mol/L at the second, third, and fourth periods,
espectively, while beer ingestion increased the plasma concen-
ration of xanthine from 0.54 � 0.10 �mol/L at the first period
nd 0.56 � 0.12 �mol/L at the second period to 1.86 � 0.70
mol/L (P � .05) at the third period and 1.62 � 0.56 �mol/L

P � .05) at the fourth period. A combination of the two
ncreased the plasma concentration of xanthine from 0.60 �
.20 �mol/L at the first period to 1.22 � 0.14 (P � .01), 2.24 �
.94 (P � .05), and 1.90 � 0.86 (P � .05) �mol/L at the
econd, third period, and fourth periods, respectively. The
ncrease in plasma concentration of uric acid in the combina-
ion experiment from the first to third period was 64 � 10
mol/l and from the first to fourth period was 60 � 3 �mol/l,
hile the sum of increases of that in the first 2 experiments

rom the first to third period was 52 � 16 �mol/l and 52 � 19
mol/l from the first to fourth period. The increases in plasma
oncentration of uric acid in the combination experiment at the
hird and fourth period were not significantly different from the
um of increases of uric acid at the same periods in the first 2
xperiments.

rinary Excretion of Purine Bases

Following sauna bathing, the urinary excretion of uric acid
as decreased from 223 � 50 to 150 � 40 �mol/h (P � .01)

t the second period and 136 � 25 �mol/L �mol/h (P � .01)

t the third period, whereas it did not affect the urinary excre- t
ion of uric acid at the fourth period (163 � 41�mol/h). In
ontrast, beer ingestion increased the urinary excretion of uric
cid from 214 � 32 to 260 � 33 �mol/h (P � .05) at the
econd period and 267 � 36 �mol/h (P � .05) at the third
eriod, and an increasing trend was seen at the fourth period
245 � 30 �mol/h). The combination of sauna bathing and beer
ngestion decreased the urinary excretion of uric acid from
21 � 44 to 136 � 20 �mol/h (P � .01) at the second period.
owever, there was no effect seen at the third (183 � 21
mol/h) or fourth period (239 � 38 �mol/h).
Sauna bathing alone increased the urinary excretion of hy-

oxanthine from 2.40 � 0.88 to 3.58 � 1.02 �mol/h (P � .05)
t the second period and to 3.15 � 0.74 �mol/h (P � .05) at the
hird period, although the urinary excretion of hypoxanthine
2.69 � 0.70 �mol/h) at the fourth period was not affected.
eer ingestion increased the urinary excretion of hypoxanthine

rom 2.47 � 0.50 �mol/h at the first period to 3.65 � 0.79 (P �
05), 5.24 � 1.33 (P � .05), and 3.54 � 0.69 (P � .05) �mol/h
t the second, third, and fourth periods, respectively. The
ombination of both increased the urinary excretion of hypo-
anthine from 2.61 � 0.62 to 4.00 � 0.85 �mol/h (P � .01) at
he second period and to 5.80 � 1.66 �mol/h (P � .05) at the
hird period, though it was not increased at the fourth period
3.19 � 0.64 �mol/h).

Sauna bathing alone did not increase the urinary excretion of
anthine during any period (first period, 1.52 � 0.48 �mol/h;
econd period, 1.70 � 0.70 �mol/h; third period, 1.70 � 0.3
mol/h; fourth period, 1.64 � 0.28 �mol/h). Beer ingestion

ncreased the urinary excretion of xanthine from 1.71 � 0.40
mol/h at the first period to 2.56 � 0.88 (P � .05), 4.17 � 0.78

P � .01), and 3.89 � 0.67 (P � .01) �mol/h at the second,
hird, and fourth periods, respectively.

The combination of both increased the urinary excretion of
anthine from1.50 � 0.62 �mol/h at the first period to 2.52 �
.52 (P � .05), 4.28 � 1.39 (P � .05), and 3.19 � 0.70 (P �

05) �mol/h at the second, third, and fourth periods, respec-
ively.

reatinine Clearance and Fractional Excretion
f Purine Bases

Creatinine clearance did not change at any time during the
xperiments (Table 1). However, the fractional excretion of
ric acid was decreased at the second and third periods in the
auna bath and combination experiments, as compared with the
espective reference values in the first periods, whereas it was
ot changed at any period in the beer ingestion experiment
Table 1). Further, the fractional excretion of hypoxanthine was
ecreased at the second period in the sauna bath and combina-
ion experiments, suggesting that the plasma concentration of
ypoxanthine peaked at the mid-point of the second period, just
fter taking the sauna bath (Table 1). In contrast, the fractional
xcretion of hypoxanthine was increased at the second period
n the beer ingestion experiment because the plasma concen-
ration of hypoxanthine was measured just prior to ingesting the
eer, although it was not affected at any other period in any of
he 3 experiments (Table 1). The fractional excretion of xan-
hine was decreased at the second, third, and fourth periods in

he sauna bath experiment, and it was increased only at the
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774 YAMAMOTO ET AL
econd period in the beer ingestion experiment (Table 1),
ndicating that the plasma concentration of xanthine was not
ncreased just prior to beer ingestion. The fractional excretion
f xanthine was not affected at any period in the combination
xperiment.

lasma Total Protein Level, Body Weight, and Urine Volume

Sauna bathing increased the plasma concentration of total
rotein from 75 � 4 g/L at the first period to 78 � 3 g/L (P �

05) at the second period. However, a significant change was
ot seen at the third or fourth period (both 73 � 2 g/L), while
eer ingestion had no significant effect (77 � 2, 77 � 2, 78 �
, and 78 � 2 g/L at the second, third, and fourth periods,
espectively). The plasma concentration of total protein in the
ombination experiment increased from 77 � 4 g/L at the first
eriod to 80 � 3 g/L at the second period (P � .05), although
significant change was not seen at the third or fourth period

74 � 4 and 74 � 3 g/L, respectively). Body weight decreased
rom 67.4 � 5.9 kg just before taking a sauna bath to 66.6 �
.9 kg (P � .01) just after. In the combination experiment,
ody weight decreased from 66.9 � 5.2 kg just before taking a
auna bath to 66.0 � 5.2 kg (P � .01) just after. In the sauna
athing exeriment, urine volume was decreased from 131 � 66
L at the first period to 63 � 36 (P � .05), 57 � 12 (P � .05),

nd 55 � 11 (P � .05) mL at the second, third, and fourth
eriods, respectively, while beer ingestion increased it from
6 � 22 mL at the first period to 221 � 95 mLl (P � .05) at
he third period, and 172 � 83 mL (P � .05) at the fourth
eriod, whereas there was no significant increase at the second
eriod. In the combination experiment, urine volume decreased
rom 104 � 33 mL at the first period to 53 � 17 mL (P � .05)

Table 1. Clearance of Creatinine and Fractional

in Each of the Thre

1

Ccr (mL/min)
Sauna bath 112 � 9 113
Beer 114 � 4 114
Combination 111 � 9 112

Fua
Sauna bath 0.088 � 0.045 0.057
Beer 0.083 � 0.042 0.101
Combination 0.088 � 0.046 0.048

Fhx
Sauna bath 0.343 � 0.074 0.195
Beer 0.427 � 0.127 0.697
Combination 0.39.0 � 0.074 0.236

Fx
Sauna bath 0.361 � 0.061 0.157
Beer 0.398 � 0.033 0.733
Combination 0.383 � 0.110 0.301

NOTE. Values are means � SD.
Abbreviations: Ccr, clearance of creatinine; Fua, fractional excre

ypoxanthine (hypoxanthine clearance/Ccr); Fx, fractional clearance o
*P � .05.
†P � .01.
t the second period, and then increased to 253 � 109 mL (P � t
05) at the third period and decreased again to 115 � 48 mL at
he fourth period.

erum Concentrations and Urinary Excretion
f Sodium and Chloride

The serum concentrations of sodium and chloride did not
ignificantly change during any of the experiments (data not
hown). In contrast, in the sauna bath experiment, the urinary
xcretion of sodium and chloride was decreased from 10.40 �
.0 and 12.1 � 5.92 mmol/h at the first period to 4.44 � 2.99
P � .05) and 5.91 � 3.92 (P � .01) mmol/h, respectively, at
he second period, to 4.21 � 2.33 (P � .05) and 5.06 � 2.38
P � .05) mmol/h, respectively, at the third period, and to
.99 � 2.49 (P � .05) and 6.50 � 3.52 (P � .05) mmol/h,
espectively, at the fourth period. In the beer ingestion exper-
ment, which used regular beer containing negligible levels of
odium and chloride (data not shown), the urinary excretion of
odium and chloride did not change at any time (data not
hown). In the combination experiment, the urinary excretion
f sodium was decreased from 10.56 � 4.77 mmol/h at the first
eriod to 4.54 � 2.66 mmol/h (P � .05) at the second period.
owever, it was not decreased at the third or fourth periods

data not shown), while that of chloride was decreased from
2.50 � 3.60 mmol/h at the first period to 6.17 � 2.38 mmol/h
P � .01) at the second period, 8.87 � 4.09 mmol/h (P � .05)
t the third period, and 9.04 � 4.11 mmol/h (P � .05) at the
ourth period.

oncentration of Ethanol in Plasma and
actic Acid in Blood

The concentration of ethanol was below the limits of detec-

tion of Uric Acid, Hypoxanthine, and Xanthine

eriments (N � 5)

Period

3 4

114 � 12 111 � 9
112 � 8 111 � 3
116 � 8 111 � 4

31* 0.049 � 0.028* 0.060 � 0.036*
54 0.093 � 0.047 0.084 � 0.042
24* 0.057 � 0.032* 0.076 � 0.041

20* 0.295 � 0.042 0.359 � 0.117
64† 0.527 � 0.283 0.542 � 0.173
98* 0.304 � 0.067 0.344 � 0.099

97† 0.269 � 0.045* 0.289 � 0.05.5†
59* 0.418 � 0.204 0.455 � 0.238
74 0.310 � 0.102 0.292 � 0.130

of uric acid (uric acid clearance/Ccr); Fhx, fractional clearance of
thine (xanthine clearance/Ccr), respectively.
Excre

e Exp

2

� 7
� 8
� 9

� 0.0
� 0.0
� 0.0

� 0.0
� 0.1
� 0.0

� 0.0
� 0.2
� 0.0

tion
f xan
ion at the first and second periods, and 456 � 23 and 321 �
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775SAUNA BATHING/BEER INGESTION AND URIC ACID
9 �g/mL at the third and fourth periods, respectively, in the
eer ingestion experiment, and below the limits of detection at
he first and second periods, and 455 � 25 and 323 � 53
g/mL at the third and fourth periods, respectively, in the
ombination experiment. Further, the plasma concentration of
thanol in the beer ingestion experiment did not differ from that
n the combination experiment at any period. The concentration
f lactic acid in blood did not change during the sauna bath
xperiment (data not shown), while it was increased from
.80 � 0.11 mmol/L at the first period to 1.15 � 0.18 mmol/L
P � .05) at the third period and 1.12 � 0.24 mmol/L at the
ourth period in the beer ingestion experiment, and from 0.76 �
.14 at the first period to 1.30 � 0.28 mmol/L (P � .05) at the
hird period and 1.20 � 0.27 mmol/L (P � .05) at the fourth
eriod in the combination experiment.

DISCUSSION

In the present study, we attempted to determine whether
auna bathing alone increased the plasma concentration of
ric acid, to what degree it was increased by a combination
f sauna bathing and beer ingestion as compared to each
lone. We found it interesting that sauna bathing alone
ncreased the plasma concentrations of uric acid, hypoxan-
hine, and xanthine, as well as the urinary excretion of
ypoxanthine and xanthine, although the amounts were
mall. These results suggest that an enhanced amount of
urine degradation occurred in the subjects. In contrast, the
rinary excretion of uric acid and the fractional excretion of
ric acid and xanthine were decreased.
A sauna bath typically has a high temperature (�90°C)

nd low humidity, and is intended to cause the body to
erspire heavily. Although the high temperature seems to
ave an effect on purine metabolism, including oxypurines
nd uric acid via hypermetabolism, the relationship between
urine metabolism and high temperature remains undeter-
ined. A previous study demonstrated that blood uric acid

nd lactic acid levels were elevated in rats in a condition of
yperthermia, suggesting that tissue hypoxemia causes pu-
ine degradation.7 However, since the concentration of lactic
cid in blood did not significantly increase in the present
auna bath experiment, tissue hypoxemia does not seem to
e the main cause of the increased plasma concentration and
rinary excretion of hypoxanthine, or the increased plasma
oncentration of xanthine. Therefore, other factor(s) associ-
ted with sauna bathing may have effects on those parame-

ers. a
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Another intriguing finding was that sauna bathing de-
reased the fractional excretion of uric acid and xanthine
Table 1). Body weight following the sauna bath decreased
y approximately 800 g from fluid loss, resulting in a tran-
ient decrease in intravascular plasma volume, as shown by
he 4% increase in plasma concentration of total protein at
he second period, which returned to the reference level at
he third and fourth periods. In addition, urine volume and
he urinary excretion of sodium were decreased in the sauna
athing experiment. These results indicated that extracellu-
ar fluid volume was decreased by sweating. Since the frac-
ional excretion of uric acid is known to reflect extracellular
uid volume,8,9 its decrease following the sauna bath may be
scribable to a reduced extracellular fluid volume. Several
revious studies10,11 suggested that xanthine shares a renal
ransport pathway with uric acid, whereas hypoxanthine
oes not. Therefore, since the present results demonstrated
hat the fractional excretion of uric acid and xanthine were
ecreased by sauna bathing, it is suggested that a reduced
xtracellular fluid volume has an effect on the common renal
athway of uric acid and xanthine.
In the beer ingestion experiment, the plasma concentra-

ions and urinary excretion of hypoxanthine, xanthine, and
ric acid were increased. These findings indicated that pu-
ines in the beer increased the production of uric acid, which
esulted in increases in the plasma concentration and urinary
xcretion of uric acid, since a previous study has shown that
eer ingestion (10 mL/kg body weight) does not increase the
oncentration of lactic acid in blood to a level high enough
o inhibit the renal excretion of uric acid.12 Therefore, a
ombination of sauna bathing and beer ingestion may have a
ynergistic effect on the increase in plasma concentration of
ric acid, since the plasma concentration of ethanol in the
ombination experiment did not differ from that in the beer
ngestion experiment. However, the present results demon-
trated that the effect of the combination on the plasma
oncentration of uric acid was not synergistic, but rather
dditive. We considered that the ingestion of the consider-
ble amount of fluid contained in the beer partially restored
xtracellular fluid volume loss.

In conclusion, the plasma concentration of uric acid was
ncreased in an additive manner following a combination of
auna bathing and beer ingestion. Therefore, it is recommended
hat patients with gout refrain from drinking alcoholic bever-

ges, including beer, after taking a sauna bath.
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