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I INTRODUCTION

Balneotherapy (spa treatment) is characterized by a natural complex therapy comprising
not only hot spring water bathing but also various kinds of in- and out-door exercises and
proper diet therapy. One of the main indications of balneotherapy is type 2 diabetes mellitus
without severe complications”. In the areas of hot springs and health resorts, spring water
drinking is traditionally practiced to control blood sugar levels and glucose lowering effect
was reported > . However, no investigation concerning influence on oral glucose tolerance
test (OGTT) has been made. In the present study, effect of pre-drinking of spring water on
the values of OGTT (short term study) is examined and also one- or four-week drinking
treatment (long term study) is performed in diabetic patients.

I METHODS
1 Short term effect

After informed consent was obtained from each subject, 11 volunteers (8 type 2 diabetic
patients and 3 healthy subjects, 4 men, 7 women, 65.6+4.7 (meantSEM) years old) par-
ticipated in the OGTT. Two hundred mZ of tap water or five times diluted spring water from
Kawayu Onsen (K-O, acid alum vitriol hydrogen-sulfide springs, pH1.98, 55.0 C) was used
for OGTT, which was performed after drinking tap water or K-O spring water over 30 min
at a week interval. Blood samples were collected to determine plasma glucose and serum in-
sulin levels before drinking tap water or spring water, just before taking a test drink (Trelan-
G75®), 30, 60, 90, 120 min thereafter.
2 Long term effect

Seven out of eight diabetic patients drank K-O spring water (200 ng, 5 times diluted)
twice daily for 4 weeks. Then the levels of HbAic (normal value =5.8) and HOMA-R (ho-
meostasis model assessment: IRI (uU/m¢) x FPG (mg/d¢) / 405, normal value =2) were
examined. In addition, another 6 diabetic patients (2 men, 4 women, 66.7+4.3 years old)
drank spring water (200m¢) from Asuka-no-yu (A-Y, alkaline simple thermals, pH8.9) twice
daily for a week, then the levels of 1.5-Anhydro-D-glucitol (1.5AG, normal value =14)
were measured. The patients’ diets, exercise routines and treatment were stable during these
study periods.

Il RESULTS
1 Short term effect

Increments in plasma glucose levels were significantly lower with pre-drinking of K-O
spring water than those with tap water drinking (Fig.1, p<0.05). Serum IRI levels tended to
be higher with spring water drinking at earlier phases (30 min, 60 min) of OGTT than those
with pre-drinking of tap water (Fig.2, Table 1).
2 Long term effect

Hemoglobin Aic levels significantly decreased from 7.1£1.0% to 6.8+1.0% by daily
drinking of K-O spring water (Toble 2, p<0.05). HOMA-R levels were obtained from 6 pa-
tients and these values decreased in 4 patients and the other 2 showed increases which were
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Fig.1 Changes in plasma glucose levels. Fig.2 Changes in serum immunoreactive insulin
Oral glucose tolerance test was performed after (IRI) levels.
drinking tap water (200 m¢, Control) or spring Oral glucose tolerance test was performed after
water (200 mg, 5 times diluted, Sulfur) at a week drinking tap water (Control) or spring water
interval. Mean values are shown. (n=11) (Sulfur) at a week interval. Mean values are
shown. (n=11)
Table 1 Increments in IRI (immunoreacive insulin) Table 2 HOMA-R (Homeostasis model assessment)
levels at 30 and 60 min from Fig.2 and HbAc (hemoglobin Aic) levels before
and after 4-month drinking of sulfur spring
water
. . Before After
30 min 60 min No. HOMA-R _ HbAlc HOMA-R _ HbAlc
1 04 118 0.9 115
Tap water 163+£5.0 19.8+4.4 2 22 102 21 95
3 25 56 1.9 55
Sulfur spring 4 1.0 52 0.7 5.1
water 23.548.2 24.347.6 5 14 6 s 50
6 14 52 0.7 49
7 54 54

(meant+SEM, n=8, NS) - -
meantSEM  15:03 71210 1303  6.8£1.0*

* p<0.05 vs. Before
within the normal ranges (Table 2, NS). By drinking A-Y spring water for a week, 1.5AG
levels increased in 4 out of 6 patients (data not shown). The overall values rose from 6.1+1.0

to 7.0+1.8 pg/dg (NS).

IV DISCUSSION

In Japan, drinking treatment is traditionally performed at hot spring areas though it is not
a medically approved therapy. Characteristics of hot spring water applicable to drinking
treatment of diabetes mellitus are bicarbonate springs, sulfated springs and sulfur springs *.
The mechanisms of glucose lowering effects of those springs have not been clarified, yet. In
the present study, pre-drinking of sulfur spring water is supposed to have a potential of en-
hancing the insulin response to glucose loading at the earlier phase of OGTT (30, 60 min).
In normal subjects, the peak of insulin secretion in OGTT is observed at 30 min. Therefore,
increased early phase response by drinking sulfur spring water is profoundly helpful to glu-
cose metabolism.

In the long term experiments, HbAic levels decreased. Although diabetic control got
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better, glucose and insulin responses in OGTT did not show any changes (data not shown);
however, insulin responses in OGTT were blunted at 90 and 120 min (NS). Probably, the
mechanisms of glucose lowering effects of drinking sulfur spring water are different be-
tween long and short term treatment. Taking the fact that tendencies of decreased insulin
secretion and HOMA-R values into consideration, it is suggested that insulin resistance is
reduced by long term drinking of sulfur spring water. On the other hand, even the drinking
of alkaline simple thermals had a tendency of improving glucose metabolism. This is the
first report that shows the effectiveness of simple thermals for glucose metabolism. Since
the number of participants were very low, additional studies will be needed.

V CONCLUSION
Drinking of sulfur spring water from Kawayu Onsen and alkaline simple thermals from
Asuka-no-yu are thought to be beneficial for the diabetic patients.
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Summary

Drinking of hot spring water containing sulfur or sodium bicarbonate is reported to be beneficial
for diabetic patients. In the present study, sulfur spring water and water from simple thermals
were chosen to examine their effects on glucose metabolism. Eleven volunteers including eight
type 2 diabetic patients and three healthy subjects drank hot spring water from Kawayu Onsen
(K-O, acid alum vitriol hydrogen-sulfide springs, pH1.98), and another six patients from Asuka-
no-yu (A-Y, alkaline simple thermals, pH8.9). Oral glucose tolerance test (OGTT) was performed
after drinking tap water (200 m¢) or K-O spring water (5 times diluted) at a week interval (short
term effect). Increments in plasma glucose levels were significantly lower (p<0.05) with pre-
drinking of spring water than those with pre-drinking of tap water. To know the long term ef-
fect of drinking, patients drank K-O water twice daily for 4 weeks or A-Y water twice daily for
a week. Hemoglobin Aic levels decreased significantly (p<0.05) by drinking K-O water and the
levels of 1.5-Anhydro-D-glucitol increased by A-Y water (NS). From these findings, it is sug-
gested that drinking hot spring water from K-O and A-Y is beneficial for diabetic patients if they
have no contraindications for drinking these kinds of spring water.
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