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Abstract: Recently, non-electrolyzed HOCl water has gained the attention of researchers as a new
disinfecting agent owing to its high sterilization power, easy accessibility, and safety. Non-electrolyzed
HOCl water was developed through mixing at a specific ratio based on hypochlorite and mineral
supplements, which revealed a high oxidizing power. In this study, we investigated the effects
of non-electrolyzed HOCl water on Helicobacter pylori (H. pylori) infection in C57BL/6 mice over
10 weeks. Mice were divided into three groups: normal control (NC) group supplied with purified
water (PW) without infection, PW + H. pylori group supplied with PW after H. pylori infection, and
HOCl + H. pylori group supplied with HOCl after H. pylori infection. Our findings demonstrated
that the HOCl + H. pylori group greatly inhibited WBC and its differential counts, including total
white blood cell (WBC), neutrophils, lymphocytes, monocytes, and eosinophils, when compared to
the PW + H. pylori group. Accordingly, the amount of reactive oxygen species and calcium activity
significantly decreased in the HOCl + H. pylori group compared to the PW + H. pylori group in both
serum and stomach lysates. In contrast, HOCl water treatment enhanced GPx activity compared
to PW treatment after H. pylori infection in both serum and stomach lysates. Accordingly, the
levels of granulocyte-macrophage colony-stimulating factor, IL-1β, and TNF-α cytokine levels were
significantly decreased in the HOCl + H. pylori group compared to those in the PW + H. pylori group in
the stomach lysate; however, there was no significant difference in serum. In addition, the expression
levels of Bax, MMP-3, MMP-9, and TLR-4 were found to decrease after HOCl water treatment,
whereas the expression level of Bcl-2 was found to be enhanced after HOCl water treatment in the
stomach lysate. Taken together, our results suggest that drinking non-electrolyzed HOCl water
has positive anti-oxidative, anti-inflammatory, and anti-apoptotic effects in H. pylori-infected mice
through redox and immune regulation.

Keywords: Helicobacter pylori; anti-oxidative; anti-inflammatory; anti-apoptotic; non-electrolyzed
hypochlorous acid; immune redox modulation

1. Introduction

The spiral-shaped, Gram-negative bacterium Helicobacter pylori (H. pylori) is a per-
sistent colonizer of the human stomach and can result in peptic ulcer disease, gastritis,
dyspepsia, and stomach cancer [1–4]. One research showed that an inflammatory response
is brought on by the presence of neutrophils, lymphocytes, macrophages, and dendritic
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cells in the stomach mucosa during H. pylori colonization [5]. A growing body of research
has also demonstrated that microbial pathogens such as H. pylori cause oxidative stress
(OS) in the host cell environment, which is crucial for epithelial damage [6]. Moreover,
H. pylori-induced OS contributes to altered epithelial proliferation in the gastric mucosal
layer, increased apoptosis, and increased oxidative damage to DNA [7,8]. In one study,
patients with H. pylori infection had higher levels of reactive oxygen species (ROS) in their
mucosal layer [9]. Studies revealed that the H. pylori itself has a propensity to produce ROS
and accumulate in gastric epithelial cells [10,11]. Tumor necrosis factor-alpha (TNF-alpha),
interleukin (IL)-1β, IL-6, and interferon-gamma (IFN-γ), as well as other proinflammatory
cytokines, were also discovered to induce ROS in the oxidative environment and trigger
an inflammatory reaction in gastric epithelial cells [7]. Infection with H. pylori can cause
the release of proinflammatory mediators and abnormally high levels of ROS and NO in
stomach mucosal epithelial cells [12]. Additionally, research has demonstrated that the
development of cellular injury is significantly influenced by the elevation of intracellular
calcium (Ca2+) [13,14]. Furthermore, cellular processes including cell growth and cytokine
release can be impacted by Ca2+ overload [15]. However, little is known about the regula-
tion of intracellular Ca2+ by H. pylori in gastric cells. According to previous studies, H. pylori
causes apoptosis in the gastric epithelium by upregulating the proapoptotic protein marker
Bcl-2-associated X (Bax) and downregulating the anti-apoptotic protein Bcl-2 [16]. H. pylori
infection has been linked to altered Bax and/or Bcl-2 expression patterns in numerous
investigations [17,18]. Additionally, matrix metalloproteinases (MMPs) have an impact on
both the inflammatory environment and structure of infected tissues [19]. Toll-like receptors
(TLRs) are crucial adaptive immune system activators that control inflammation in response
to H. pylori infection [20]. New anti-H. pylori medications are desperately needed, along
with ones that are therapeutically successful and have few side effects. Researchers have
recently become interested in the use of hypochlorous acid water against a variety of bacte-
rial activity, including H. pylori. Sodium hypochlorite and HOCl are combined to create the
weak acid known as HOCl water, which has a pH adjusted range of 6.0 to 6.4 and a residual
chlorine content of about 60 ppm [21]. Evidence suggests that HOCl water is very effective
against various microorganisms [21]. Owing to its anti-inflammatory and other biological
effects, electrolyzed HOCl water has also been applied in various studies pertaining to the
treatment of numerous inflammatory skin diseases and atopic dermatitis, as well as itching,
diabetic ulcers, and wound healing [22–24]. Studies have reported that HOCl is safe for
human use [25]. One study reported that intraperitoneal lavage and wound cleaning with
HOCl with a residual chlorine concentration of 40–60 ppm had no deleterious effects in
a clinical investigation [26]. Additionally, 0.01–0.1% (w/v) HOCl, which is produced by
combining hydrochloric acid with sodium hypochlorite, did not cause eye irritation or
systemic toxicity, according to a study on animal safety and toxicity tests [27]. In addition
to electrolyzed HOCl water, non-electrolyzed HOCl water has been developed as a new
disinfection agent owing to its high sterilizing power, ease of accessibility, and safety [28].
By combining hypochlorite and mineral additions in a precise ratio, non-electrolyzed HOCl
water was generated, which exhibited tremendous oxidizing power. We therefore evaluated
whether drinking non-electrolyzed HOCl water had anti-oxidative, anti-apoptotic, and
anti-inflammatory effects in C57BL/6 mice that were infected with H. pylori. The results
of this investigation could serve as a database to create safe and effective treatments for
H. pylori infection, especially in relation to stomach problems.

2. Materials and Methods
2.1. Animal Groupings and Treatment Procedure

C57BL/6 mice that were six weeks old and weighed an average of 25 ± 1.2 g were
acclimated for seven days in a controlled setting with a temperature of 22 ± 2 ◦C and a
humidity level of 40–60% during a 12 h light–dark cycle. Orient Bio Inc. sold these rodents
to us. (SEONGNAM, Republic of Korea). Fifteen mice were randomly divided into three
different groups (n = 5 per group) as follows: normal control (NC) group supplied with pu-
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rified water (PW) without infection, PW + H. pylori group supplied with PW after H. pylori
infection, and HOCl + H. pylori group supplied with HOCl water after H. pylori infection.
All mice were fasted for 6 h with unrestricted access to water before each inoculation.
Consequently, 100 µL of H. pylori bacterial suspension containing 1 × 108 CFU/mL was
intragastrically inoculated using an oral catheter into the mice of PW + H. pylori and
HOCl + H. pylori groups three times on three consecutive days. Additionally, experimental
water was administered with free access to the mice, and it was exchanged with new water
every day during the experimental period. Body weight was measured weekly. After
10 weeks of drinking water, all mice were sacrificed under anesthesia (Isoflurane, Hana
Pharm Co., Ltd., Seoul, Republic of Korea) and blood and tissue samples were collected for
hematological and biochemical examinations and Western blot analysis. The Institutional
Animal Care and Use Committee (IACUC) Wonju College of Medicine, Yonsei University,
Gangwon, Wonju, Republic of Korea, authorized the study protocol for this investigation
(ethical approval no: YWC-180615-1). Figure 1 shows the experimental design.
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2.2. Water Preparation and Their Properties

Non-electrolyzed HOCl water was supplied by Sungjin Farm Co., Ltd. (Gyeongju-si,
Gyeongsangbuk-do, Republic of Korea) and was composed of reagents A and N. In brief,
1000 µL of reagent A and N (ratio 1:1) was mixed with 2 L of tap water (TW). A pH
and ORP meter (DKK-TOA Corporation, Tokyo, Japan) was used to detect the pH and
oxidation-reduction potential (ORP) values, and a chlorine meter was used to assess the
available chlorine concentration (ACC) (Lutron Electronic Enterprise, Co., Ltd., Taipei,
Taiwan). The properties of the water are listed in Table 1.

Table 1. Properties of experimental water.

Parameters PW HOCl

pH 7.5 6.1
ORP (mV) 310 931

ACC (ppm) 0 51
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2.3. H. pylori Infection in Mice

The strains of H. pylori used in this research were purchased from the American Type
Culture Collection (ATCC® 43504TM; P.O. Box, 1549, Manassas, VA, USA) and propagated
in accordance with ATCC guidelines for each strain. The concentrations were therefore
determined by a direct colony count following a 10-fold dilution using bacteria that were
collected during the stationary phase. Microbiological specimens were collected from the
surface of the bacterial culture plate using an inoculating loop and swab. H. pylori was
routinely cultured on Columbia agar with 5% sheep blood (Becton Dickinson & Company,
Franklin Lakes, NJ, USA; 18-03 NJ-208, Franklin Lakes, NJ, USA) at 37 ◦C for 3–5 days under
anaerobic conditions. All mice, except for those in the NC group, were fasted for 6 h with
free access to water before each inoculation. Therefore, 100 µL H. pylori bacterial solution
containing 1 × 108 CFU/mL intragastrically inoculated using an oral catheter into mice of
the PW + H. pylori and HOCl + H. pylori groups three times on three consecutive days.

2.4. Serum and Stomach Tissue Lysates Sample Preparation

The serum samples were obtained by centrifuging the blood in a BD Microtainer tube
(Lot 9305148, Becton, Dickinson and Company, Franklin Lakes, NJ, USA) at 14,000 rpm
for 5 min at 4 ◦C. The serum samples were then kept at −80 ◦C until use. To prepare the
stomach tissue sample, stomach tissue (2 × 2 mm in size) was cut and placed in ice-cold
radioimmunoprecipitation assay (RIPA) buffer (Pierce Biotechnology Inc., Waltham, MA,
USA) with protease inhibitor compounds (Sigma Chemical Co., St Louis, MO, USA). The
stomach tissue was homogenized for 10 min at 14,000 rpm and centrifuged for 5 min, and
the supernatant of the stomach lysate was used as a sample.

2.5. Measurement of Body Weight

Weekly body weight checks were conducted during the trial to get a baseline.

2.6. Histological Examination by Giemsa Staining

The part of the stomach (5 × 5 mm in size) was sectioned for histological investigation.
After dehydration, clearing, and infiltration in accordance with the standard procedure,
tissue samples were fixed with 10% formalin solution for 12 h and embedded in paraf-
fin. The sections were deparaffinized, rehydrated, and sliced before being stained with
Giemsa solution (Muto Pure Chemicals Co., Ltd., Tokyo, Japan). A light microscope (BX51;
Olympus Corp., Tokyo, Japan) was used for examination.

2.7. Total and Differential White Blood Cell (WBC) Counts

Retroorbital plexus blood was drawn and put into tubes coated with ethylenedi-
aminetetraacetic acid. An automatic blood analyzer HEMAVET HV950 FS, (Drew Scientific
Inc., Boston, MA, USA) was used to measure the total WBC and the differential counts of
lymphocytes, monocytes, neutrophils, eosinophils, and basophils.

2.8. Measurement of Total Reactive Oxygen Species (ROS)

Total ROS formation in serum and stomach tissue lysates was determined by the
oxidation of 2-4-dichlorodihydrofluorescein diacetate (DCFH-DA) (Abcam, Cambridge,
MA, USA) using a procedure previously described [29].

2.9. Measurement of Nitric Oxide (NO) Levels

To assess NO production in the blood and stomach tissue lysates, Griess reagent
(Promega Corp., Madison, WI, USA) was used according to a procedure previously
described [29].

2.10. Measurement of Glutathione Peroxidase (GPx) Activity

The BioVision kit (Milpitas, CA, USA) was used to determine GPx activity in serum
and stomach tissue lysates. As indicated by the manufacturer’s guidelines, GPx activity was
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determined using normalized protein samples. Briefly, assay standards were prepared, and
the reagent assays were mixed in a 96-well microplate. SpectraMax® ABS Plus (Molecular
Devices, San Jose, CA, USA) was used to measure the absorbance at 340 nm.

2.11. Detection of Intracellular Ca2+ Activity

A colorimetric calcium assay kit (Abcam, Cambridge, MA, USA) was used to deter-
mine total intracellular Ca2+ activity according to the manufacturer’s instructions for blood
and stomach tissue lysates using a procedure previously described [29].

2.12. Measurement of Proinflammatory Cytokines

The Milliplex® MAP Mouse Cytokine/Chemokine Magnetic Bead Panel 96-well plate
test (Millipore Corporation, Billerica, MA, USA) is a Luminex-based multiplex technique
used for cytokine and chemokine profiling. Following the manufacturer’s instructions, a
multiplex immunoassay was used to measure G-CSF, IL-1β, and TNF-α. To prepare serial
dilutions of the standard, each standard concentration was resuspended in standard dilu-
ents. The standard, serum, and stomach lysates were combined with the bead combination.
The plate underwent a washing procedure before being incubated for an additional 18 h at
4 ◦C. After adding the detection antibody, the plate was left to sit at room temperature for
1 h. The plate was then mixed with streptavidin and phycoerythrin, and left to sit at room
temperature for 30 min. The plate was then examined using the Luminex 200 Bio-Plex
instrument after the washing process, after which an assay buffer was applied.

2.13. Western Blot Analysis

Protein extraction (tissue lysates) and Western blot were carried out as described
previously [29]. Antibodies against the following proteins were used in this study: β-actin,
MMP-3, MMP-9, Bcl-2, Bax, and TLR-4 (Cell Signaling Technology, Danvers, MA, USA).

2.14. Data Management and Statistical Analysis

The analysis of variance (ANOVA) and multiple comparison tests (Tukey’s post hoc
test) were performed using the GraphPad Prism version 8.0 software tools (GraphPad
Software, La Jolla, CA, USA). The standard error of the mean (SEM) is used to describe
data; at p < 0.05, differences were deemed statistically significant.

3. Results
3.1. Effects of Non-Electrolyzed HOCl Water on the Body Weight of H. pylori-Infected
C57BL/6 Mice

To study the effects of consuming HOCl water, the mice’s body weights were recorded
on a weekly basis. In comparison to the NC group, our findings indicated that H. pylori
infection caused a minor loss in body weight in both the PW- and HOCl-treated groups,
particularly from the 3rd to the 10th week; however, the body weight difference was not
statistically significant, as shown in Supplemental Figure S1.

3.2. Histological Observation of the Stomach of H. pylori-Infected C57BL/6 Mice

The stomach was cut 10 weeks post-infection, and the sections were observed under a
light microscope. By looking for H. pylori bacteria in the gastric pits and surface mucous
layer of the stomach in both the PW + H. pylori and HOCl + H. pylori groups in Figure 2,
it was determined that all mice had the infection, indicated by arrow signs (→). NC mice
partially showed inflammatory cells in the stomach tissue, but the level was negligible.
Mice in the PW + H. pylori and HOCl + H. pylori groups showed mild inflammatory cell
infiltration in the mucosal layer; however, there was no specific gastric mucosal injury, such
as erosion or ulcer.
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Figure 2. Representative histological images of the stomach after 10 weeks. (A) NC: normal mouse
supplied with purified water (PW) without infection, (B) PW + H. pylori: mouse supplied with
PW after H. pylori infection, (C) HOCl + H. pylori: mouse supplied with HOCl water after H. pylori
infection. Histological sections were stained with Giemsa solution. Scale bar = 20 µm. The arrow sign
indicates the presence of H. pylori.

3.3. Effects of Non-Electrolyzed HOCl Water in H. pylori-Infected C57BL/6 Mice on Total WBC
and Its Differential Counts

WBCs are important for both the body’s innate and adaptive immune responses.
Any foreign invasion into the body causes the number of WBCs to increase and the re-
cruited WBCs to perform certain functions. In the total and differential WBC counts, the
HOCl + H. pylori group showed a significant decrease in the total WBC count (p < 0.001),
neutrophils (p < 0.001), lymphocytes (p < 0.001), and monocytes (p < 0.01) compared to the
PW + H. pylori group (Figure 3).
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3.4. Effects of Non-Electrolyzed HOCl Water on OS Markers in H. pylori-Infected

We evaluated ROS and NO levels as well as GPx activity as OS indicators in the serum
and stomach lysates to examine the effects of HOCl in C57BL/6 mice with H. pylori infection.
When compared to the PW + H. pylori group, ROS levels in the HOCl + H. pylori group
significantly decreased in both the serum and stomach lysates (p < 0.05) (Figure 4A,B).
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NO levels also showed a declining tendency in comparison to the PW + H. pylori
group, but the difference was not statistically significant (Figure 4C,D). GPx activity in
the serum was also considerably higher in the HOCl + H. pylori group compared to the
PW + H. pylori group (p < 0.001) and stomach lysate (p < 0.05) (Figure 4E,F).

3.5. Effects of Non-Electrolyzed HOCl Water on the Intracellular Ca2+ Activity in
H. pylori-Infected C57BL/6 Mice

Intracellular Ca2+ activity was assessed in both the serum and stomach lysates to
investigate the possible mechanisms of H. pylori infection in the stomach.

Comparing the PW + H. pylori group to the NC group (p < 0.01), the serum revealed a
significantly higher level of Ca2+ activity; However, when compared to the PW + H. pylori
group (p < 0.05), the HOCl + H. pylori group demonstrated a substantial reduction in Ca2+

activity (Figure 5A). Similarly, in the stomach lysate, the PW + H. pylori group showed sig-
nificantly higher Ca2+ activity than the NC group (p < 0.05); however, the HOCl + H. pylori
group tended to show higher Ca2+ activity than the PW + H. pylori group (p < 0.05)
(Figure 5B).
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3.6. Effects of Non-Electrolyzed HOCl on the Level of Inflammatory Cytokines in H. pylori-Infected
C57BL/6 Mice

We looked at inflammatory cytokines including GM-CSF, IL-1β, and TNF-α in both
blood and stomach lysates to learn how HOCl affected the inflammatory response (Figure 6).
The HOCl + H. pylori infection group showed significant differences in GM-CSF (p < 0.05),
IL-1β (p < 0.01), and TNF-α (p < 0.001) levels in stomach lysates compared to those in the
PW + H. pylori group; however, there was no significant difference in serum.
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3.7. Effects of Non-Electrolyzed HOCl on Bcl-2, Bax, MMP-3, MMP-9, and TLR-4 in
Stomach Lysates

Using Western blot analysis, we investigated the underlying molecular mechanisms of
HOCl water therapy against H. pylori infection and evaluated the protein expression levels
of Bcl-2, Bax, MMP-3, MMP-9, and TLR-4. We discovered that the PW + H. pylori infection
group’s expression level of Bcl-2 was substantially lower than that of the HOCl + H. pylori
infection group’s (p < 0.01) (Figure 7A). However, with HOCl therapy, the expression of Bax
was reduced in comparison to that in the PW + H. pylori infection group. In contrast, we
found that the level of Bax expression was significantly raised in the PW + H. pylori infection
group (p < 0.001) compared to that in the NC group (Figure 7B). Additionally, we discov-
ered that the expression levels of MMP-3 were considerably greater in the PW + H. pylori
infection group (p < 0.001) than in the HOCl + H. pylori infection group (Figure 7C). The
expression level of MMP-9 was also considerably higher in the PW + H. pylori infection
group than in the HOCl + H. pylori infection group (p < 0.01) (Figure 7D). Similarly, we
found that TLR-4 expression levels in the PW group were significantly higher (p < 0.05) than
in the HOCl + H. pylori infection group (Figure 7E). These findings suggest that oral gavage
of HOCl administration in the stomach reduces H. pylori-related infection in C57BL/6 mice.
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4. Discussion

The C57BL/6 mouse model for H. pylori infection was used in the current study to
assess the anti-oxidative, anti-apoptotic, and anti-inflammatory effects of non-electrolyzed
HOCl water treatment. Consequently, drinking non-electrolyzed HOCl water significantly
suppressed the oxidative and inflammatory responses in H. pylori-infected C57BL/6 mice
through redox regulation and immune responses [30]. H. pylori can induce a long-term
inflammatory response that promotes carcinogenesis [31]. However, H. pylori can po-
tentially defend itself from the host immunological response by triggering macrophage
death. Therefore, non-antibiotic agents, such as non-electrolyzed acidic water, might be
highly effective and safe for the treatment of both antibiotic susceptibility and resistance to
H. pylori bacteria [32]. Several studies on HOCl have shown its numerous effects on various
pathogenic bacteria, including H. pylori infection [33,34].

To this end, we investigated the bactericidal effect of the oral administration of non-
electrolyzed HOCl against H. pylori. In our histological observation, the mice in both the
PW + H. pylori and HOCl + H. pylori groups showed mild inflammatory cell infiltration in
the mucosal layer; however, there was no specific gastric mucosal injury, such as erosion or
ulcer. This suggests that drinking HOCl water is safe for histological damage of the mouse
stomach compared to drinking PW. However, WBC count can be used as an inflammatory
indicator to assess the severity of various gastric diseases, such as gastric cancer and
H. pylori infection [35]. In our study, the total number of WBC, neutrophils, lymphocytes,
and monocytes were significantly lower in the HOCl + H. pylori group compared to the
PW + H. pylori group. This finding suggested that mice infected with H. pylori may
experience systemic immune responses differently after consuming HOCl water. In contrast,
neutrophils in tissue are unable to eliminate the established H. pylori colony via paracrine
secretion, allowing H. pylori to persist for an extended period. Furthermore, it causes active
chronic inflammation of the gastric mucosa. Inducible nitric oxide synthase (iNOS), a crucial
enzyme that catalyzes the synthesis of NO and then converts O2 to peroxynitrite, has been
discovered in host neutrophils and epithelial cells. This process promotes the generation of
more ROS and RNS, aggravating the OS response [36]. Compared with untreated mice,
iNOS gene-deficient mice showed a substantial reduction in the incidence of stomach
cancer after H. pylori infection. It has been consequently asserted that iNOS-induced
OS is directly related to the development of stomach cancer [37]. These investigations
demonstrated an increase in genomic alterations, indicating that OS develops soon after
infection [38]. Our study also revealed that H. pylori-infected mice produced more ROS,
which could be one of the mechanisms underlying infection-related apoptosis. NO is a
signaling molecule with strong immunomodulatory properties and is linked to a key host
defense component in H. pylori infection. The current study discovered that NO produced
by activated macrophages can destroy extracellular H. pylori. Several signaling pathways
within the host gastric cell have been shown to be activated or used by H. pylori, which
can result in ulcers or gastric cancer [39,40]. NO can inhibit 8-oxoguanine glycosylase by
removing DNA mutations [41]. H. pylori infection, on the other hand, produces ROS that can
damage DNA. H. pylori infection also increases intracellular ROS levels in gastric epithelial
cells, according to these studies [42,43]. It has been demonstrated that antioxidants such
as GPx reduce ROS production and prevent H. pylori-induced programmed cell death.
Therefore, our results indicate that non-electrolyzed HOCl treatment attenuates OS by
suppressing ROS and NO levels and increasing GPx levels. Additionally, Ca2+ levels were
significantly decreased in the HOCl + H. pylori group in both the serum and stomach lysates
compared to the PW + H. pylori group. However, the exact mechanism by which H. pylori
infection causes calcium mobilization in gastric cancer cells remains unknown.

The signaling pathways involved in the damage by OS are very broad, stimulating not
only the generation of inflammatory factors (IL-8, IL-6, and IL-1β) but also the activation
of GM-CSF and TNF-α [44]. Various gene polymorphisms have been studied, with IL-1β,
GM-CSF, and TNF-α being the most studied [45,46]. These toxins enable long-term H. pylori
infection, which in turn encourages stomach epithelial cells to produce TNF-α [47]. IL-1β
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is a powerful inhibitor of stomach acid release [48,49]. In the presence of H. pylori, IL-1β
is elevated and necessary for the initiation and progression of inflammatory responses to
infection [50,51]. In our research, significant changes were noted in the production of some
cytokines in both the serum and stomach lysate samples among the three groups. Due to
H. pylori infection in C57BL/6 mice, inflammatory cytokines such as IL-1β, TNF-α, and
GM-CSF were previously studied [25].

In H. pylori-infected patients, the Bax/Bcl-2 ratio offers the potential for screening and
early cancer diagnosis. Infection with H. pylori adds to the buildup of molecular genetic
anomalies. In individuals with stomach cancer, H. pylori infection increases the expression
of the protein markers Bax and Bcl-2 [52]. According to previous studies, Bax expression
was lower in gastric cancer than Bcl-2 expression, and the calculated Bax/Bcl-2 ratio in
cancer was much lower than that in the nearby normal mucosa [53]. Our results showed that
HOCl treatment significantly decreased Bax protein expression levels in H. pylori-infected
mice, whereas HOCl treatment significantly increased Bcl-2 levels, which is consistent with
the finding that HOCl treatment reduces apoptosis in stomach tissues.

According to one study, the production of MMP-9 and tissue inhibitor of metalloproteinases-1
(TIMP-1) was significantly correlated with the location of ulcer margins [54]. The expression
of MMP-9, MMP-3, and TIMP-1 was higher in patients with stomach ulcers. Moreover,
MMP-9 production has been linked to a higher risk of gastric ulcer recurrence [55]. Another
study suggests that MMP-3 and MMP-9 may play a role in the development of gastric
ulcers [56]. Our results revealed that treatment with non-electrolyzed HOCl significantly
decreased MMP-3 and MMP-9 production by gastric epithelial cells in stomach lysates.
Additionally, TLRs are believed to be essential for triggering adaptive immunity and
regulating inflammation during the innate immune reaction to H. pylori. TLR signaling,
however, influences gastric immunopathology, H. pylori-mediated T-cell responses, and
in vivo colonization [57]. Our results demonstrated that treatment with non-electrolyzed
HOCl significantly decreased TLR-4 production in gastric epithelial cells in stomach lysates.
Overall, our results demonstrated that non-electrolyzed HOCl treatment ameliorated
H. pylori infection from oxidative and inflammatory stress in C57BL/6 mice and might be
a potential therapeutic agent against H. pylori-infection-related diseases, such as gastric
cancer, stomach cancer, and peptic ulcer.

5. Conclusions

Overall, based on our findings, we showed that non-electrolyzed HOCl water has
anti-oxidative, anti-inflammatory, and anti-apoptotic effects through redox and immune
regulation pathways and may have promising therapeutic potential against diseases asso-
ciated with H. pylori infection. However, the drinking safety of HOCl water has not been
sufficiently confirmed, although external use of HOCl is known to be safe and effective for
humans. Further studies are needed to fully understand the effects of genetic variants at
the immune redox level as well as their roles and effects on H. pylori susceptibility.
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