SMIAGZIUMIPXZOBBAROATOAEIOYIASALLIAIPOOAEIEAHIDII/AD AU

MY TXOMADYOINX7OHISABZIY 10 +8rNIOITWNOFZTABMHARSHNAYE Aq seBu/wod mm| sfeunol//:diy woij papeojumoq

¥¢0Z/E€T/90 uo

PERSPECTIVE

Hypothesized mechanism of
amelioration of colitis by Clostridium
butyricum as a hydrogen-producing
bacterium

Chronic inflammatory disease is an inflammatory bowel disease.
Generally, the causes of chronic inflammatory bowel disease,
including ulcerative colitis, are unknown.! Recently, however,
it has become clear that inflammatory colitis is closely related
to hydrogen.” The human intestine is an anaerobic environment
with little or no oxygen from the large intestine to the cecum,
although a small amount of oxygen leaks from the capillaries
of the intestinal wall.>> There are countless anaerobic bacteria,
descendants of primitive life on the ocean floor, that metabolize
hydrogen based on the food we ingest.* Among these anaerobic
bacteria, hydrogen-producing bacteria possessing the enzyme
hydrogenase produce more than 10 L of hydrogen gas per day
from the human intestine.® Hydrogen is an inert substance that
does not react with nucleic acids, proteins, or lipids that make
up cells, but can only react with hydroxyl radicals to convert
them into water molecules.” Since hydrogen is an inert substance
and the product of the reaction with hydroxyl radicals is a water
molecule, it is non-toxic to the cells that make up the organs and
has no side effects like drugs.” Hydrogen produced by hydrogen-
producing bacteria in the intestines is thought to inhibit cell
damage caused by hydroxyl radicals by scavenging the hydroxyl
radicals produced in the process of acrobic respiration in human
cells through this mechanism.®

Hypothesis on the association between dietary changes and
ulcerative colitis: One of the causes of ulcerative colitis has
been attributed to dietary changes.’ It has been proposed that
the reason for the increasing number of patients with ulcerative
colitis in Japan is the shift in the Japanese diet from plant-based
foods to animal-based foods, mainly meat and dairy products.'
Retrospective studies in Europe have cited excessive consump-
tion of high-fat diets, including processed meats, fried foods,
and snacks, as a risk for the development of inflammatory bowel
disease.'!? In an epidemiologic analysis in Japan, the incidence
of Crohn’s disease, which is closely related to ulcerative colitis,
was inversely associated with vegetable protein intake (»r=-0.941,
P > 0.001), and a multivariate analysis showed that increased
animal protein intake was the strongest independent factor in the
incidence of Crohn’s disease.!* Multivariate analysis has shown
that increased animal protein intake is the strongest independent
factor in the development of Crohn’s disease.” And even after the
onset of inflammatory bowel disease, a low-fat diet is important
for improving inflammatory bowel disease, as it has been reported
that inflammatory biomarkers are significantly improved when
a low-fat diet is continuously eaten compared to a high-fat diet
intake group.'* In animal studies, it is known that diet composi-
tion modulates the barrier function of the intestinal mucosa in
inflammatory bowel disease.'*!'¢ Thus, although a close relation-
ship between dietary changes and inflammatory bowel disease
has been demonstrated, the more detailed mechanisms are not
well understood.!”!® Therefore, we will discuss the mechanism by
which the change in diet from phytophthora to animal foods has
caused an increase in the number of patients with ulcerative colitis.

Possible improvement of colitis by hydrogen: Fiber intake
promotes intestinal fermentation and gas production.!” In fact,
the most important gas among the various gases produced by
intestinal fermentation is hydrogen, which has anti-inflammatory
properties. Hydrogen-producing bacteria in the gut can generate
hydrogen because they possess the enzyme hydrogenase.® Since
hydrogenase produces molecular hydrogen through the reduction
reaction of hydrogen ions, the enzymatic reaction of hydrogenase
requires the supply of electrons to hydrogen ions. The electrons
required for the hydrogen-producing reaction of hydrogenases are
supplied by nicotinamide adenine dinucleotide. In the intestine,
nicotinamide adenine dinucleotide is also produced when sugars
produced by carbohydrate-digesting enzymes from dietary fiber
ingested by humans and animals are converted to pyruvate in a
glycolysis system that does not require oxygen, but also through
metabolic pathways that utilize substances other than oxygen as
electron acceptors.' Therefore, the generation of hydrogen by
hydrogen-producing bacteria is promoted by the intake of plant
foods such as grains and fruits, which contain more polysac-
charides and sugars, including dietary fiber, than animal foods.

This increase in intestinal hydrogen production may be the
reason that plant-derived dietary fiber has been shown to suppress
inflammation in ulcerative colitis. If the production of hydrogen
by intestinal bacteria is promoted through the intake of plant
foods, the amount of hydrogen produced in the intestine will also
increase, promoting the elimination of hydroxyl radicals, which
may prevent chronic inflammation including ulcerative colitis
(Figure 1). It has been reported that people who eat more fruits
and vegetables have a 7-8% lower risk of dying within 20 years
than those who do not.?° This is thought to be caused by the recent
dietary shift from plant foods to animal foods, which has resulted
in a decrease in the amount of hydrogen produced by hydrogen-
producing bacteria in the intestines of modern people. This would
also support the hypothesis that the same thing is responsible for
the increase in chronic inflammatory diseases such as ulcerative
colitis. Thus, in today’s society, where diets have shifted from
plant-based foods to animal-based foods, an active external intake
of hydrogen will be important in preventing the ever-increasing
number of chronic inflammatory diseases.

Possible improvement of colitis by Clostridium butyricum as
a hydrogen-producing bacterium: There have been numerous
reports on the improvement of ulcerative colitis by the ingestion
of hydrogen in model animal experiments. Mice and rats treated
with dextran sulfate sodium (DSS) are known as animal models
of ulcerative colitis.> When DSS is administered to mice or rats,
it binds to medium-chain fatty acids present in the colon, induces
inflammation, and causes colitis, thus reproducing a mechanism
similar to ulcerative colitis in humans DSS. According to a re-
cent report, administration of hydrogen-rich saline solution to
mouse models of ulcerative colitis treated with DSS is reported
to improve DSS-induced ulcerative colitis and significantly sup-
press the anaerobic environment of the colon, strengthening the
intestinal barrier by modulating mucosa-associated mucolytic
bacteria.>?! Bacteroides and Firmicutes are predominant in a
healthy colon, while Enterobacteriaceae are the predominant
Enterobacteriaceae in an unhealthy gut. Hydrogen-producing
bacteria metabolize hydrogen and produce energy for vital ac-
tivities, so administration of hydrogen can increase their popula-
tions in the gut.?"> Bacteroides and Firmicutes, which possess
hydrogenase genes, increase their populations and dominate by
metabolizing the administered hydrogen, thereby inhibiting the
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Figure 1: Intestinal environment of humans with plant foods and those with
animal foods.

Note: A diet centered on plant foods increases the growth of hydrogen-producing
bacteria in the intestines, which in turn increases the amount of hydrogen produced
inthe intestines. The generated hydrogen scavenges hydroxy! radicals in the cells
that make up the intestine, inhibiting chronic inflammation of the intestine, which
in turn keeps the barrier function of the intestinal epithelial cells high. On the other
hand, diets centered on animal foods decrease the amount of hydrogen-producing
bacteria in the intestines, and the amount of hydrogen generated in the intestines
also decreases. As a result, hydroxyl radicals in the cells that make up the intestine
increase and the intestine enters a state of chronic inflammation, resulting in a low
barrier function of the intestinal epithelial cells. Created with Microsoft PowerPoint.

growth of Enterobacteriaceae.’** Hydrogen-producing bacteria
can not only consume hydrogen but also produce hydrogen, as
their name implies, so an increase in the number of hydrogen-
producing bacteria also results in an increase in the amount of
hydrogen in the intestine, thus maintaining a healthy intestinal
environment.?

Efforts are underway to use fecal transplantation, in which
intestinal bacteria collected from the stools of healthy adults are
transplanted into patients with ulcerative colitis as a method of
treating inflammatory bowel disease such as ulcerative colitis.?
A good balance of Bacteroides and Firmicutes composition is
an indicator of an excellent microbial environment that healthy
adults possess for fecal transplantation.?’ It has been reported that
the hydrogen-producing bacteria Bacteroides and Firmicutes are
less abundant in patients with ulcerative colitis, and that the di-
versity of Bacteroides is increased in healthy adults.?®* Although
these reports do not mention that Bacteroides and Firmicutes are
hydrogen-producing bacteria, they would support the importance
of hydrogen-producing bacteria in the control and amelioration
of inflammatory bowel disease. Perhaps increasing the number
of hydrogen-producing bacteria, Bacteroides and Firmicutes, is
important for the amelioration of ulcerative colitis.

The colon wall is composed of three layers: the mucus layer,
the epithelium, and the intrinsic layer.’**! The gelatinous mucus
layer provides protection against pathogen invasion.’*3! Clos-
tridium butyricum, better known as butyric acid bacteria, is also
hydrogen-producing bacteria classified in the phylum Firmicutes
with hydrogenase.*? It has been shown that feeding Clostridium
butyricum to mice increases the antioxidant capacity of their
serum, preserves the properties of their mucus layer, and protects
them from colitis; and the butyric acid produced by Clostridium
butyricum is thought to contribute to this mechanism.** And it is
known that butyrate levels in the stools of patients with ulcerative
colitis are lower than in healthy individuals.?’**3¢ However, this
is only the result of a reduction in butyric acid bacteria, and,
we suspect that enhancement of the antioxidant capacity of the

colon by Clostridium butyricum may actually be due more to the
contribution of hydrogen produced by Clostridium butyricum
than to butyric acid.

Despite the fact that the mechanism of maintenance of the
intestinal environment by hydrogen is known from animal ex-
periments, there are no reports on the improvement of ulcerative
colitis through hydrogen inhalation in humans. The improve-
ment of ulcerative colitis by hydrogen can easily be confirmed
by observing the abdominal pain and stool condition in patients
themselves, without relying on examination by a physician.
Therefore, we decided to recruit two patients with ulcerative
colitis and confirm whether inhalation of hydrogen gas would
show improvement in the patients.

Case reports of improvement of ulcerative colitis by inhalation
of hydrogen in humans:

Case 1: The patient was a Japanese male who was 49 years old
when he started hydrogen inhalation.

He developed ulcerative colitis in 2004. Symptoms were bloody
stools, abdominal pain, and insomnia associated with abdominal
pain. He continued going to the hospital to receive medication,
but there was no improvement. When abdominal pain prevented
him from sleeping, he took a sleep aid.

On October 29, 2019, the patient began inhalation of hydro-
gen gas for 3 hours per day using a hydrogen gas inhaler (MiZ
Company Limited, MHG-20000, Kamakura, Kanagawa, Japan)
with hydrogen concentration 6—7% by volume, converted to
100% hydrogen at 140 mL/min. Inflammation was suppressed
and the patient was able to stop taking steroids. Blood stools were
eliminated within 1 week of inhalation. Ten days later, the patient
was unable to sleep due to abdominal pain, but the abdominal
pain subsided and he was able to sleep without taking any sleep
aids. Hospital tests showed that there were no problems and the
ulcerative colitis had improved on December 4, 2019.

Case 2: The patient was a Japanese male, 60 years old, when
he started hydrogen inhalation. He developed ulcerative colitis
in January 2018. During defecation, there was a 50% chance of
hemorrhage. Camera observation showed that the rectal area of
the colon was covered with blood. Several polyps were found in
the stomach. The patient was anemic and depressed due to bleed-
ing. Body mass loss was observed. He was taking medications
(Mesalazine) prescribed by his doctor but did not get any better.

On June 3, 2019, he started to use a hydrogen gas inhaler (MiZ
Company Limited, MHG-20000) with hydrogen concentration
6-7% by volume, converted to 100% hydrogen at 140 mL/min
for 3 hours per day. During the 1% week of inhalation, there was
no change in his bleeding, but he was able to sleep well. Because
ofthe improved sleep, his energy returned and he felt rejuvenated.
The amount of blood loss in his stools decreased and his health
improved. The second week, lower bleeding was controlled and
there was only a small amount of blood in the stools. The shape
of stools also changed from liquid to solid and firm, and diarrhea
was cured. The frequency of stools also returned to the state of
before the onset of the disease. His mood also returned to the
healthy state he was in before the onset of the disease. Two months
later, bleeding was almost gone. Three months later, bleeding was
gone and weight had increased to his pre-onset healthy state, so
hydrogen gas inhalation was discontinued. There was no recur-
rence of ulcerative colitis after discontinuation of hydrogen gas
inhalation. Camera observation also showed that the bloody and
rough intestinal wall had healed nicely.

The study has obtained written informed consent from these
patients.
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Conclusion: If a deficiency of hydrogen produced by intestinal
bacteria is the cause of ulcerative colitis, ulcerative colitis can
be prevented and improved by actively taking in hydrogen from
outside the body to better eliminate the hydroxyl radicals that
are generated inside mitochondria in cells throughout the body.
Regardless of the disease, the amount of hydrogen ingested by
the patient is important in the improvement of diseases by hy-
drogen. There are rare reports that hydrogen does not improve
disease, but this is because the amount of hydrogen ingested is
too small.’” One way to ingest hydrogen is to drink hydrogen
water, but there is a limit to the amount that can be consumed.
Therefore, prolonged inhalation of hydrogen gas is the best way
to take in more hydrogen.’

In the two cases we were able to confirm in this study, im-
provement was observed with inhalation of hydrogen gas for
3 to 4 hours per day. This is the first report of improvement of
ulcerative colitis by inhalation of hydrogen gas in humans. The
only treatment available for ulcerative colitis in Western medicine
is drug therapy. For example, steroids are often used, but steroids
cause serious side effects such as adrenocortical insufficiency.*®
Also, transplanting hydrogen-producing bacteria through fecal
transplantation may be effective, but some people may resist
the idea of having someone else’s feces transplanted into their
body from a hygienic standpoint. However, since hydrogen is a
substance with no side effects, it can be inhaled for a long period
of time, and the intestinal microflora can be improved naturally.
When clinical trials on hydrogen inhalation for ulcerative colitis
are conducted in the future, it is expected that longer inhalation
will lead to recovery from ulcerative colitis.
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