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Introduction

Kawasaki Disease (KD) is an acute systemic vasculitis that primarily
affects children and is a leading cause of acquired heart disease in this
population. The most serious complications of KD arise from Coronary Artery
Lesions (CALs), including coronary aneurysms and stenosis, which can lead
to long-term cardiovascular issues. While treatments such as Intravenous
Immunoglobulin (IVIG) and aspirin are standard therapies, not all patients
respond adequately, and new therapeutic strategies are being explored.
Hydrogen gas (H2) inhalation has emerged as a potential therapeutic modality
due to its anti-inflammatory, antioxidant, and cytoprotective properties. This
study investigates the effects of hydrogen gas inhalation on coronary artery
lesions in a mouse model of Kawasaki disease. The mouse model used
in this study was developed to replicate the coronary artery involvement
characteristic of KD. Mice were treated with a synthetic compound, Candida
albicans water-soluble fraction (CAWS), to induce coronary arteritis. This
model has been extensively validated as an experimental platform for studying
KD pathogenesis and therapeutic interventions. Following the induction of
arteritis, the mice were divided into two groups: one receiving hydrogen gas
inhalation and the other serving as a control. Hydrogen gas was administered
at a concentration of 2% via inhalation chambers for two hours daily over two
weeks. The control group received no intervention other than standard housing
conditions.

Description

Histopathological analysis was performed to evaluate the severity of
coronary artery lesions, including inflammation, intimal thickening, and
aneurysmal changes. The tissues were harvested and stained with hematoxylin
and eosin and Elastica Van Gieson (EVG) staining to assess structural integrity
and pathological changes in the coronary arteries. Immunohistochemical
staining was also employed to detect markers of oxidative stress and
inflammatory mediators such as tumor necrosis factor-oc (TNF-a) and
interleukin-6 (IL-6). The results demonstrated a significant reduction in
coronary artery inflammation and structural damage in the hydrogen gas-
treated group compared to the control group. Mice treated with hydrogen gas
exhibited decreased infiltration of inflammatory cells, reduced oxidative stress
markers, and lower expression of pro-inflammatory cytokines. These findings
were corroborated by quantitative measurements of malondialdehyde, a
biomarker of lipid peroxidation, which was markedly lower in the treated group.
Additionally, superoxide dismutase activity, a critical antioxidant enzyme, was
significantly higher in the hydrogen gas group, indicating enhanced antioxidant
defense. The study also assessed the endothelial function of coronary arteries
using acetylcholine-induced vasodilation experiments. The hydrogen gas-
treated mice demonstrated improved endothelial function, as evidenced
by a greater degree of vasodilation in response to acetylcholine compared
to the control group. This suggests that hydrogen gas inhalation not only
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reduces inflammatory damage but also helps preserve vascular integrity and
functionality [1].

At the molecular level, hydrogen gas inhalation was found to modulate
key signaling pathways involved in inflammation and oxidative stress. Western
blot analysis showed a downregulation of nuclear factor-kB (NF-kB) signaling
in the hydrogen gas group. NF-«B is a central mediator of inflammation
and is implicated in the pathogenesis of KD-related vascular damage. By
inhibiting NF-kB activation, hydrogen gas may attenuate the inflammatory
cascade and mitigate coronary artery damage. Additionally, hydrogen gas was
observed to activate the Nrf2/ARE (nuclear factor erythroid 2-related factor 2/
antioxidant response element) pathway, which plays a critical role in cellular
defense against oxidative stress. Increased nuclear translocation of Nrf2 and
upregulation of downstream antioxidant enzymes such as heme oxygenase-1
(HO-1) and glutathione peroxidase (GPx) were noted in the treated group. This
activation of the Nrf2 pathway likely contributes to the reduced oxidative damage
observed in the hydrogen gas-treated mice. The safety profile of hydrogen gas
inhalation was also evaluated. No adverse effects were reported in the treated
mice, as evidenced by normal behavior, body weight maintenance, and the
absence of histological abnormalities in non-target organs such as the liver,
kidney, and lungs. This aligns with previous studies indicating that hydrogen
gas is a safe and non-toxic intervention [2,3].

The findings of this study have significant implications for the treatment
of Kawasaki disease and other inflammatory vascular conditions. By targeting
both inflammation and oxidative stress, hydrogen gas inhalation offers a dual
therapeutic approach that addresses key pathological mechanisms underlying
coronary artery lesions. While the current study was conducted in a mouse
model, the translational potential of hydrogen gas therapy is promising.
Preliminary clinical studies in humans with other inflammatory diseases
have shown similar benefits, suggesting that hydrogen gas could be a viable
adjunct therapy for KD. Despite these encouraging results, several limitations
need to be addressed. The study was conducted in a controlled experimental
setting, and the translation of these findings to clinical practice requires further
investigation. Long-term studies are needed to evaluate the durability of the
therapeutic effects and to ensure safety over extended periods. Additionally,
the optimal dosing regimen and duration of hydrogen gas therapy remain to
be determined [4,5].

Conclusion

Future research should also explore the potential synergistic effects of
combining hydrogen gas inhalation with standard KD treatments such as IVIG
and aspirin. Such combination therapies could potentially enhance efficacy
and improve outcomes in patients with refractory KD or severe coronary artery
involvement. Furthermore, the mechanisms underlying hydrogen gas's effects
on vascular inflammation and oxidative stress warrant deeper investigation to
identify additional therapeutic targets. In conclusion, this study demonstrates
that hydrogen gas inhalation significantly attenuates coronary artery lesions
in a mouse model of Kawasaki disease. By reducing inflammation, oxidative
stress, and endothelial dysfunction, hydrogen gas therapy shows promise as
a novel treatment for KD-associated coronary artery complications. Further
research is warranted to validate these findings in clinical settings and to
optimize therapeutic protocols for broader application.
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