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Abstract: Objectives. The aims of this paper is to highlight the importance of molecular hydrogen (MH) as a
natural resource for health, in the context of modern life. Prior Work. Hydrogen is an essential chemical
element present in our universe. Scientific studies have suggested that MH may have beneficial effects on
different conditions and diseases, such as inflammatory, neurodegenerative, metabolic disorders, tissue damage
due to ischemia-reperfusion. Approach. Oxygen, a molecule essential to life, is likely to cause damage in the
body via the formation of free radicals, also called activated oxygen species. Hydrogen exists in several forms
but we find it mainly in the molecular form of hydrogen also called diatomic form, or dihydrogen. Results.
Due to its small size MH can easily penetrate cells and act directly on free radicals. Unlike many other
antioxidants, it does not neutralize reactive species necessary for essential cellular functions, making it an
antioxidant without unwanted side effects. MH is easily accessible, it can be inhaled, dissolved in water or
administered intravenously, which allows various options for use, especially as an antioxidant. Value. Overall,
this paper presents some important antioxidative mechanisms of MH, forms and methods of use and its benefits
as an antioxidant.
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1. Introduction

Molecular hydrogen (MH) is a colorless, tasteless, odorless, highly flammable molecule that become an
increasingly popular research topic for its potential in reducing oxidative stress and improving athletic
performance (Sies & Cadenas, 1985).

! Pathophysiology Department, Faculty of Medicine, Iuliu Hatieganu University of Medicine and Pharmacy, Romania,
Address: Victor Babes Street 8, Cluj-Napoca 400000, Romania, Corresponding authors: ramona_mj@yahoo.com

2 Clinical Emergency Hospital for Children, Romania, Address: 3-5 Crisan Street, 400177, Cluj-Napoca, Romania.

8 Horticulture Faculty, University of Agricultural Sciences and Veterinary Medicine, Romania, Address: Calea Manistur 3-5,
Cluj-Napoca 400372, Romania.

4 Physical Education and Sports Department, Faculty of Medicine, “luliu Hatieganu” University of Medicine and Pharmacy,
Romania, Address: Victor Babes Street 8, Cluj-Napoca 400000, Romania.

Copyright: © 2024 by the authors.

Open access publication under the terms and conditions of the
Creative Commons Attribution-NonCommercial (CC BY NC) license
(https://creativecommons.org/licenses/by-nc/4.0/)

442



European Integration - Realities and Perspectives. Proceedings 2024

MH is the smallest molecule and therefore can easily penetrate the cell membrane, such as the blood-
brain barrier (BBB) so quickly diffuse into the organelles and act at various sites in the body (Ostojic,
2018).

Compared to other medical gases, MH is not cytotoxic, while medical gases such as hydrogen sulfide
(MHS), carbon monoxide (CO), and *NO are highly toxic molecules and play important roles as
signaling molecules (Kimura, 2010; Motterlini & Otterbein, 2010).

2. MH Actions and Effects in Different Pathologies

Animal experiments and clinical studies have demonstrated the protective effects of MH on many organs
and systems. MH has various mechanisms of action, such as modulating oxidative stress, inflammation,
autophagy, the aging process. Most studies have reported the effects of MH on diseases such as tumors,
stroke, diabetes disease (Ge, et. al, 2017).

The additional transport of MH to various organs and tissues ensures the development of systemic
effects, which include organoprotective effects, minimization of the consequences of ischemia-
reperfusion injuries, limitation of systemic inflammatory responses, anti-tumor effects, anti-aging
effects, increasing the body’s resistance to stress factors, improved tolerance to effort (Huang, et. al,
2010).

MH has multiple indications for use, such as anti-allergic, anti-apoptotic, anti-inflammatory and
antioxidant representing a potential therapeutic benefit for both prophylaxis and remediation (Jurcau, et.
al, 2023). Thus, is evidence for the modulatory effect of molecular hydrogen on various types of
metabolism, in particular, lipid, protein and carbohydrate metabolism (luchi, et. al, 2016).

We present some examples of MH action in different conditions:

a) In hypertension, MH regulates the RAAS and sympathetic system by penetrating the BBB to attenuate
NLRP3-mediated inflammation (Socha, et. al, 2020).

b) In type 2 diabetes, MH inhibits the activation of NLRP3 and caspase-1 in the NLRP3 inflammasome
pathway and prevents the translocation of NF-KB caused by the activation of TLR2 and TLR4 (Ding,
et. al, 2019).

¢) In Hepatitis, MH controls NLRP3 activation in liver cells to prevent chronic inflammation in the liver
(Mridha, et. al, 2017).

d) In chronic kidney disease, MH controls the activation of NLRP3 inflammasomes to prevent chronic
inflammation in the kidneys (Kim, et. al, 2019).

e) In Parkinson’s disease, MH prevents mitophagy and activation of microglia cells by controlling the
activation of NLRP3 inflammasomes in dopaminergic neurons (Qin, et. al, 2021).

3. MH and Oxidative Stress

The antioxidant action of MH has attracted considerable attention and many studies have reported its
benefits. MH acts as a powerful selective antioxidant, having the ability to neutralize free radicals
without affecting other reactive oxygen species (ROS) necessary for normal cell signaling. MH directly
reduces hydroxyl radicals in cultured cells, indicating its antioxidant activity at the cellular level
(Buxton, et. al, 1988).
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It is believed that MH can selectively reduce hydroxyl and peroxynitrite radicals and does not affect
physiologically reactive species (Sies & Cadenas, 1985). Although MH was considered to be an inert
gas in living bodies for many years, an animal study reported that inhalation of gaseous molecular
hydrogen decreased oxidative stress and brain injury caused by ischemia and reperfusion injury due to
its antioxidant action (Ohsawa, et. al, 2007).

By reducing oxidative stress, molecular hydrogen can indirectly attenuate inflammatory responses by
modulating inflammatory signaling pathways such as NF-kB and MAPK pathways, thus suppressing
the production of pro-inflammatory cytokines and inhibiting apoptosis in various cell types, an effect
that could be mediated of its antioxidant properties, as oxidative stress is a common trigger of apoptosis
(Terasaki, et. al, 2011). MH prevents the uncontrolled leakage of electrons from the electron transport
chain thus improving mitochondrial dysfunction and regenerates cell dysfunction (Tian, et. al, 2021).

MH also reduces the expression of intercellular adhesion molecules and chemokines and thus decreases
the infiltration of neutrophils and macrophages (Chen, et. al, 2018). The effects of MH administration
may vary depending on the context, thus it could trigger protective responses, such as upregulation of
cytoprotective proteins or activation pathways such as NF-kB/Bcl-xL (Ohta, 2014).

4. MH in Relation to Physical Exercise

Fatigue. The use of specific biomarkers for oxidative stress (such as the level malondialdehyde, lipid
peroxidation, or antioxidant enzyme activity) can be used to measure the impact of MH, alongside the
assessment of parameters related to athletic performance, such as recovery time, endurance, or fatigue
reduction (Sies & Cadenas, 1985). Also it was observed that the consumption of MH before physical
effort caused a post-exercise reduction in blood lactate levels and an improvement in muscle fatigue
after acute exercise (Aoki, et. al, 2012).

Intense physical effort. Intense or irregular exercise has similarities to disease models in terms of
pathological factors, such as ROS, inflammation, and metabolic changes; studies in rats have shown that
administration of MH can be as effective as exercise in protecting against myocardial injury induced by
acute myocardial infarction (Ichihara, et. al, 2015). Administration of MH may mimic some benefits of
exercise and restore redox homeostasis, attenuating inflammation and preventing pathological changes
induced by extreme exercise. It is suggested that MH may have protective and therapeutic effects against
harmful forms of exercise (Ostojic, 2015). Unlike conventional antioxidants, MH does not scavenge all
reactive oxygen species (ROS), but selectively reduces excessive levels and this property recommends
it for research as a potential safe and effective medical gas for clinical management and potential
mitigation of the adverse effects of vigorous exercise (Halliwell & Gutteridge, 2015).

The use of MH in sports was done in different forms of administration and in various forms of physical
effort, of which we present some important ones.

a) Recreationally trained soccer players using 30 min pedaling effort and maximal knee extension
exercises - adequate hydration with MH-rich water before exercise was found to reduce blood lactate
and improve muscle function (Aoki, et. al, 2012).

b) Exercise cycling in untrained participants - drinking MH water had antioxidative effects during
consecutive days of intense exercise helping to prevent accumulated muscle fatigue (Dobash, et. al,
2020).
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¢) Treadmill and jump squats 5 x 10 repetitions - inhalation of MH gas during the post-exercise recovery
period results in reduced oxidative damage and consequently improves exercise performance
(Shibayama, et. al, 2020).

d) Cycling to exhaustion test - continuous MH water supplementation potentially increases aerobic
capacity, leading to improved aerobic exercise performance and physical health (Hori, et. al, 2020).

5. Routes of MH Administration and their Characteristics

MH can be administered in different ways, having different effects (Fu & Zhang, 2022).
a) Hydrogen gas, by inhalation is a simple method with rapid action;

b) Hydrogen water, by oral intake or bath is portable, safe, and convenient;

¢) Hydrogen saline, by peritoneal injection, intravenous injection, intrathecal injection or eye drops,
provides highly accurate hydrogen doses; produces neuro-protectipe effects an d may treat eye diseases;

d) Hydrogen nanocrystals, by oral intake or injection, gas highly targeted effects.

6. Conclusion

Hydrogen is an essential chemical element present in our universe. MH is a gas that has multiple
beneficial effects due to which it can be used in numerous conditions. It has small size MH, so it can
easily penetrate cells, it is easily accessible, it can be inhaled, dissolved in water or administered
intravenously, which allows various options for use, especially as an antioxidant. Overall, MH is a
natural resource for health which deserves attention and practical application in the context of modern
life.
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