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Abstract

Objective: To compare how and to what extent ingestion of hydrogen water and milk increase breath hydrogen in adults.

Methods: Five subjects without specific diseases, ingested distilled or hydrogen water and milk as a reference material that
could increase breath hydrogen. Their end-alveolar breath hydrogen was measured.

Results: Ingestion of hydrogen water rapidly increased breath hydrogen to the maximal level of approximately 40 ppm
10—15 min after ingestion and thereafter rapidly decreased to the baseline level, whereas ingestion of the same amount of
distilled water did not change breath hydrogen (p < 0.001). Ingestion of hydrogen water increased both hydrogen peaks
and the area under the curve (AUC) of breath hydrogen in a dose-dependent manner. Ingestion of milk showed a delayed
and sustained increase of breath hydrogen in subjects with milk intolerance for up to 540 min. Ingestion of hydrogen water
produced breath hydrogen at AUC levels of 2 to 9 ppm hour, whereas milk increased breath hydrogen to AUC levels of
164 ppm hour for 540 min after drinking.

Conclusion: Hydrogen water caused a rapid increase in breath hydrogen in a dose-dependent manner; however, the rise in
breath hydrogen was not sustained compared with milk.
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Introduction

It is widely accepted that breath hydrogen reflects carbohydrate fermentation in the colon.'™ When
unabsorbed carbohydrate enters the colon, it is rapidly fermented to produce short chain fatty acids by
anaerobic colonic bacteria and liberates carbon dioxide, hydrogen, and in some people, methane.
Analysis of breath hydrogen measures the small bowel transit time,” colonic fermentation, abnormal
fermentation, galactose and/or lactose intolerance,® and sometimes irritable bowel syndrome.* Thus,
breath hydrogen has been recognized as “a negative breath marker”.

Recent studies revealed that hydrogen gas plays an important role in inactivating oxidative stresses
such as hydroxyl radicals in animal models of cerebral infarction,” hepatic injury® and myocardial
ischemia-reperfusion injury.” Very recently, it has been reported that continuous consumption of hydro-
gen water reduces oxidative stress in the brain, and prevents stress-induced decline in learning and
memory caused by chronic physical restraint.'® These reports suggest that breath hydrogen, originating
mostly from colonic fermentation, may be an anti-oxidative marker, provided that molecular hydrogen,
produced as a by-product of colonic fermentation, acts as a reducing agent.'!

Since hydrogen solubility in water at 25 °C is 0.0176 vol gas STP/vol liquid at 1 atm partial pressure,'?
which is lower than that of oxygen and carbon dioxide and higher than that of nitrogen,'? it is easily
calculated that hydrogen-saturated water contains 0.79 mM of hydrogen at 25 °C. Countless commercial
hydrogen water products are marketed mostly in Japan as health-oriented water. However, clinical
evidence regarding hydrogen water is slight, except for a recent clinical trial for type 2 diabetes mellitus,
which did not report detailed alterations of breath hydrogen after drinking it and, a comparison was not
made with reference foods or changes of breath hydrogen after everyday diet.
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In the present study, in order to examine whether
ingestion of commercial hydrogen water increased
breath hydrogen and the duration for which it was
maintained, the effects of hydrogen water on breath
hydrogen was examined. The effect of milk
ingestion on breath hydrogen was also exami-
ned for comparison as milk increases breath
hydrogen."

Materials and Methods

Materials

Commercial hydrogen water was purchased at the
general consumer level and fresh hydrogen water
(0.6 mM) was obtained from Blue Mercury Inc.
(Tokyo, Japan). Hydrogen water was made by
dissolving hydrogen into water under high
pressure, as described by Nagata et al.'® Hydrogen
concentration was analyzed for each experiment
and ranged from 0.21 to 0.58 mM. Hydrogen
water contains sodium 1.4 mg/dl; calcium
1.3 mg/dl; potassium 0.4 mg/dl; and magnesium
1.1 mg/dl without protein, carbohydrates and lipids
(total energy: 0 kcal). Commercial milk was
purchased from Morinaga Milk Industry Co. Ltd.
(Tokyo, Japan). Milk contains protein 3.3 g/dl;
lipid 3.8 g/dl; carbohydrates 4.75 g/dl;
sodium 42.5 mg/dl; and calcium 113.5 mg/dl (total
energy of 66.5 kcal/dl). Because cold stimulation'®
and cold milk'” enhance colonic motility and a rise
in breath hydrogen, room temperature and test
items for ingestion were kept at 25 °C.

Subjects

Five healthy adult volunteers (two men and three
women: mean age 29 + 14 years) participated in
this study. They did not have any specific diseases
based on detailed questionnaires and examination
by physicians. The subjects randomly volunteered
to be assigned to consecutive studies from
experiment one to three. All the subjects eventually
showed lactose deficiency as described below,
possibly due to the high incidence of lactose
deficiency in Japanese people.'®

Experimental protocol

The subjects refrained from food, supplements and
drugs, except water, for at least 15 hours before
the experiments. On the day of the experiment, the
subjects rested in the sitting position for at least
30 min and then drank 300 ml of milk, hydrogen

water or distilled water within one min. Immediately
after drinking, the subjects rinsed their oral cavity
with 50 ml of distilled water. End-alveolar breath
was obtained in a breath sampling bag (300 ml
volume, Otsuka Pharm. Co. Ltd, Tokyo, Japan)
every 5 min from 30 min before drinking until the
end of each experiment as described below. All
subjects underwent training to obtain end-alveolar
breath before these experiments.

Experiment 1

For the dose-response experiment, hydrogen water
for general consumers was used within one week
after shipping. Hydrogen concentration was
0.40 = 0.07 mM (N = 18). Three subjects had
hydrogen water in volumes of 100, 200 and 300 ml
every hour, with two repetitions.

Experiment 2

To confirm that breath hydrogen originates from
hydrogen water, five subjects had 300 ml of
distilled water and then changes in breath hydrogen
were observed for 90 min. After an hour , the same
subject ingested hydrogen water (0.4 mM).

Experiment 3

To compare the hydrogen-producing capability of
hydrogen water and milk, four subjects had 300 ml
of milk and their breath hydrogen was monitored
for up to 540 min. On separate experimental days,
the same two subjects drank 300 ml of hydrogen
water and repeated the same protocols at three
different concentration levels (0.21, 0.41 and
0.58 mM) of hydrogen water.

Breath sampling and analysis

The breath was immediately transferred to a
gas-tight glass syringe and 1 ml was injected into
the gas chromatograph with a semiconductor
detector (TRIlyzer mBA—3000, Taiyo Ltd, Osaka,
Japan) to measure breath hydrogen. Breath
concentrations of each gas were calculated by
subtracting ambient air collected in the same sam-
pling bag. Hydrogen concentration of the milk,
distilled or hydrogen water at 25 °C were measured
for each subject by head-space gas sampling in a
sealed glass vial with a small amount of the
materials. Analysis was performed using the same
sensor as mentioned above.
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Statistics
Statistical values are expressed as the mean +
standard deviations of the mean. Statistical analysis
was performed by a paired t-test or two-way
analysis of variance and significance was accepted
atp < 0.05.

Results

Experiment 1

Hydrogen water significantly increased both
hydrogen peak (r=0.735, p=0.001) and the area
under the curve (AUC) of breath hydrogen
(r=0.855,p < 0.001) in a dose-dependent manner

(Fig. 1).

Experiment 2

Effects of distilled and hydrogen water on breath
hydrogen were compared. Ingestion of hydrogen
water (0.4 mM) rapidly increased breath hydrogen
to the maximal level of 36 ppm 15 min after inges-
tion and thereafter rapidly decreased to the baseline
level, whereas the same amount of distilled water
ingestion did not change breath hydrogen (ANOVA,
p < 0.001, Fig. 2).

Experiment 3
Effects of hydrogen water and milk on breath
hydrogen for up to 540 min are shown in Figure 3.
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Ingestion of milk exhibited a delayed and
sustained increase of breath hydrogen in subjects
with hypolactasia for up to 540 min, during
which subjects complained of few bowel symp-
toms, except normal evacuation in one subject,
while those who had hydrogen water showed
only an initial increase in breath hydrogen.
(Fig. 3). To assess hydrogen production, AUC
of breath hydrogen for 540 min after ingestion,
subtracting the baseline breath hydrogen, was
calculated. Hydrogen water produced breath
hydrogen at AUC levels of 2 to 9 ppm hour,
whereas milk significantly increased breath
hydrogen to AUC levels of 164 ppm hour for
540 min after drinking.

Discussion

This study confirmed that ingestion of hydrogen
water rapidly increased breath hydrogen in a mean
time of 10 to 15 min from ingestion to peak breath
hydrogen and that breath hydrogen increased in a
dose-dependent manner. The same amount of
distilled water at 25 °C did not cause a rise in breath
hydrogen by the so-called gastro-ileal reflex;'**
therefore, it was concluded that a rapid rise in
breath hydrogen originates from hydrogen water
and that acute ingestion of hydrogen water rapidly
increased hydrogen partial pressure in the upper
alimentary tract, and diffused into the sub-mucosal
alimentary vessels, and was finally exhaled.
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Figure 1. Increase in breath hydrogen and the area under the curve (AUC) of breath hydrogen for 60 min after ingestion were significantly
correlated to hydrogen dosage (r=0.735, p=0.001; r=0.855, p < 0.001, respectively). The data were obtained from 3 subjects in duplication
by ingestion of 100, 200 and 300 ml of hydrogen water. Hydrogen concentrations of ingestion water for each subject were measured

simultaneously.
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Figure 2. Changes in breath hydrogen after ingestion of distilled water (300 ml, open circle) and hydrogen water (300 ml, 0.4 mM hydrogen,
closed circle) in 5 subjects. The difference between the two groups is significant (p < 0.001, two-way analysis of variance).

From experiment one, it was estimated that after
ingestion of hydrogen water, 72% of hydrogen
molecule was exhaled in breath, provided that the
minute volume ventilation of the subjects with a
mean body weight of 72 kg was 6 L/min and that
hydrogen concentrations in the end-tidal breath
could be applied to the ventilation volume. In the
preliminary experiment, it was confirmed that the
loss of hydrogen poured into the cup during the first
3 min was 2%—5% (data not shown). Furthermore,
in the recent experiment, it was estimated that after
ingestion of hydrogen water, approximately 0.1%
of hydrogen was released from the whole body
surface and the amount was considerably negligi-
ble, which will be reported elsewhere (Nose K,
Shimouchi A, et al). On the other hand, it is known
that hydrogen produced by colonic fermentation is

partially consumed by bacterial flora in the colon.?!
However, breath hydrogen release was almost
finished 60 min after ingestion of hydrogen water,
possibly because it was unable to reach colon.
Therefore, it was considered that at least 20% of
ingested hydrogen was consumed in the body and
that the main hydrogen consumption occurred in
the liver rather than by the colonic bacteria or other
organs such as the brain.

The present study supports the conclusion that
ingestion of commercial hydrogen definitely
increases hydrogen concentration in the body;
however, the rise in breath hydrogen was transient
and the hydrogen-producing capability of hydrogen
water was less than that of milk in subjects with
hypolactasia. Since a higher increase in breath
hydrogen was expected, fasted subjects had test
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Figure 3. Time course of breath hydrogen by milk (N = 4) and hydrogen water (N = 2 for 0.21, 0.41 and 0.58 mM hydrogen) for 540 min.

30

Biomarker Insights 2009:4



Breath hydrogen by milk and hydrogen water

items at the rate of 300 ml/60 sec, i.e. 5 ml/sec.
However, the rise did not reach the reported level
of 55 ppm by ingestion of 300 ml of hydrogen-rich
water by a recent clinical trial of Kajiyama et al.'*
Unfortunately, they did not describe the details of
the ingestion methods and hydrogen concentra-
tions. Their patients, who had type 2 diabetes
mellitus had 900 ml of hydrogen-rich water per
day for 8 weeks; however, their breath hydrogen
levels were not reported. The discrepancy may be
because the rise in breath hydrogen depended on
body weight, the rate of drinking, and precondition-
ing of baseline levels that are seemingly affected
by previous diet or fasting.

On the other hand, Nagata et al.'® reported that
in mice that were given hydrogen water at hydro-
gen concentration levels of 0.4—0.6 mM ad libitum,
there were differences in the arterio-venous
hydrogen concentrations in the blood, and con-
cluded that hydrogen was consumed in the brain
of the animals. Although continuous intake of
hydrogen water may be impractical in the clinical
setting, the new finding showed a new direction
for therapies for acute ischemic and reperfusion
injuries and prevention; " however, it should be
remembered that hydrogen concentration in the
body strongly depends on colonic fermentation and
the food consumed everyday. Therefore, further
clinical studies are needed to clarify whether exog-
enous hydrogen, such as hydrogen inhalation or
water, could contribute to the increase of hydrogen
in the body, which is presumably represented by
breath hydrogen.

The same group revealed that hydrogen gas
plays an important role in inactivating oxidative
stresses such as hydroxyl radicals.”” Their recent
reports gave new insight in the roles of hydrogen
produced in the body, mostly by colonic
fermentation. As a favorable outcome, younger
women had higher concentrations of breath
hydrogen at baseline levels and in their response
to food, both at initial and secondary rises of
breath hydrogen, than older women;*? therefore,
it is of interest that hydrogen produced in the
body, to some extent if any, also plays a role in
the inactivation of oxidative stress, as low levels
of inhaled hydrogen and hydrogen water ad libi-
tum did in rats.

Ingestion of milk in subjects with hypolactasia
caused a marked and sustained rise in breath
hydrogen, as shown in the present and previous
studies.'> Approximately 70% of the world population

has hypolactasia® and about 90% of Japanese
adults are lactase-deficient.'® Epidemiological
studies suggested that milk and dairy decrease the
risks of mortality from cerebrovascular disease or
stroke.>* % These results have often been attributed
to decreases in arterial blood pressure by calcium
uptake?®’ or to the reduction of platelet aggregation
by short and medium chain fatty acids,*® of which
the former is produced partially by colonic
fermentation and both of which are abundant in
milk and dairy food.

This study was performed under special
conditions, refraining from unabsorbable foods
before the experimental days and eating and
drinking nothing except water and the test items.
However, in everyday life, breath hydrogen levels
fluctuate markedly, ranging from several ppm to
50 ppm or more,”” which is enhanced by
exercise’® and physical and/or mental stresses'®
in combination with colonic fermentation.
Besides milk, breath hydrogen by colonic fer-
mentation is produced by numerous unabsorb-
able foods, such as commercial dietary fiber,’!
soybean flour,** and inulin and oligofructose in
anumber of vegetables, fruits and whole grains.*?
Thus, hydrogen production appears to be caused
naturally by everyday diet, provided there is
normal bacterial flora and colonic function.
Therefore, this study was conducted to see if
additional intake of the commercial preparation
of hydrogen water is beneficial for people without
specific diseases.

Conclusion

Hydrogen water caused a rapid increase in breath
hydrogen in a dose-dependent manner; however,
the rise in breath hydrogen was not sustained
compared with the same amount of milk in subjects
with milk intolerance.
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