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• The medical relevance of therapeutic gases can range 
from use in burns and stroke victims to hypoxia therapy. 

• Medical gases such as oxygen, hydrogen, helium and
xenon have recently come under increased exploration 
for their potential therapeutic use in various brain 
disease states, including traumatic brain injuries, 
hypoxia-ischemia, and cerebral hemorrhages. 

• This synthetic review aims to rigorously select related 
articles and identify within their content the main 
possible uses of therapeutic gases and physiological 
mechanisms. 

• Therapeutic gases are not fully understood and used 
adequately for sanogenic or medical purposes. More 
research is needed to fully understand the mechanisms 
and importance of therapeutic gases. The link between 
balneotherapy and medical rehabilitation regarding the 
usage of therapeutical gases emphasises the unity for 
this medical speciality.



Nitric oxide, carbon monoxide, and hydrogen sulfide are all small molecules with high 
membrane permeability, short biological half-lives, and broad signaling effects. 
However, they differ in enzymatic production, molecular targets, concentration ranges, 
and clinical translation. Nitric oxide is already used therapeutically in several contexts 
and is indirectly targeted by drugs such as phosphodiesterase inhibitors. Carbon 
monoxide has cytoprotective effects but remains clinically difficult because of toxicity. 
Hydrogen sulfide is in a similar translational phase: mechanistically promising, clinically 
intriguing, but still requiring careful dosing, safety, and evidence-based validation.

Hydrogen sulfide, or H₂S, has a very particular 
scientific history. For a long time, it was regarded 
almost exclusively as a toxic gas, associated with 
the characteristic smell of rotten eggs, industrial 
exposure, and environmental hazard. Today, 
however, this molecule has acquired a 
completely different meaning in biology and 
medicine. Together with nitric oxide and carbon 
monoxide, H₂S is now recognized as an 
endogenous gasotransmitter, a small gaseous 
signaling molecule involved in vascular 
regulation, redox balance, inflammation, 
mitochondrial function, cellular protection, 
neuromodulation, and tissue adaptation. At the 
same time, H₂S is also an exogenous therapeutic 
factor encountered in sulfurous mineral waters 
and therapeutic muds, which are central 
elements of traditional and contemporary 
balneology. This dual nature is precisely why H₂S 
is so relevant for our field: it connects molecular 
biology with natural therapeutic resources. 



The central idea of this presentation is that Romanian sulfurous balneary resources should not be understood 
only as historical or empirical spa factors. They can also be interpreted through the lens of contemporary H₂S 
biology. This does not mean that every effect of sulfurous waters can be reduced to a single molecule. 
Balneotherapy is always complex. It includes temperature, hydrostatic pressure, mineral composition, mechanical 
unloading, mud properties, microclimate, exercise, and neurovegetative responses. Nevertheless, H₂S provides a 
particularly strong mechanistic bridge between classical balneology and modern biomedical science.





Romania possesses a remarkable diversity of mineral waters, therapeutic lakes, peloids, and spa traditions. Among 
these, sulfurous waters occupy a distinct position. In classical balneological classification, sulfurous mineral waters 
are defined by the presence of reduced sulfur species such as hydrogen sulfide, hydrosulfide, sulfur, thiosulfate, and 
colloidal sulfur, often with a threshold of at least one milligram of titratable sulfur per liter. These waters are 
chemically heterogeneous. Some are simple sulfurous waters, but many are mixed waters, combining sulfurous 
characteristics with chlorosodic, carbonated, alkaline, calcium, magnesium, iodinated, or brominated profiles. 



Romanian sulfurous resources are described in several classical and contemporary balneological sources. Important examples 
include Băile Herculane, Călimănești-Căciulata-Cozia, Băile Olănești, Băile Govora, Pucioasa, Mangalia, Săcelu, and Nicolina-
Iași. Other localities, such as Harghita Băi, Băile Boghiș, Venus, and related areas, are also mentioned in older balneological 
literature. The key point is that these are not interchangeable resources. Each source has its own hydrochemical profile, its 
own concentration of sulfur species, its own temperature, pH, mineralization, associated ions, and traditional indications. 



This heterogeneity is scientifically important. It means that “sulfurous water” should 
not be treated as a single therapeutic category. From a modern perspective, each 
Romanian H₂S-related resource should be profiled by its chemical fingerprint: total 
sulfide, free H₂S, hydrosulfide ions, thiosulfate, sulfate, polysulfides, pH, redox 
potential, temperature, dissolved oxygen, total dissolved solids, salinity, hardness, 
and associated trace elements. Pucioasa, for example, has been investigated as a 
sulfurous balneotherapeutic area, with studies assessing physicochemical 
parameters and metal concentrations in spring waters. This type of analytical work is 
precisely the direction needed for the modernization of balneology. 







A critical concept here is dose-dependent duality. H₂S is neither simply beneficial 
nor simply harmful. At high concentrations, it is toxic and potentially lethal. At 
low physiological or therapeutic concentrations, it may regulate signaling 
pathways that protect tissues from oxidative stress, inflammation, apoptosis, 
and metabolic dysfunction. This is essentially a hormetic model: the biological 
effect depends on concentration, exposure route, duration, tissue context, and 
the redox state of the organism. For balneology, this is not a theoretical detail. It 
means that source characterization, medical supervision, and standardized 
protocols are essential.



At the molecular level, one of the most important mechanisms of H₂S is protein 
persulfidation, also called S-sulfhydration. Through this process, H₂S-derived sulfur 
species modify cysteine residues in proteins, changing their activity, localization, 
stability, or interaction with other molecules. This mechanism helps explain why H₂S 
can influence antioxidant enzymes, inflammatory transcription factors, mitochondrial 
proteins, vascular ion channels, and metabolic pathways. In practical terms, 
persulfidation provides a biochemical explanation for effects that were once described 
empirically as anti-inflammatory, vasodilatory, trophic, sedative, or metabolic.



The nervous system is another area of major interest. H₂S is produced in the brain, 
participates in neuromodulation, and may influence synaptic plasticity, NMDA 
receptor signaling, calcium homeostasis, mitochondrial function, neuroinflammation, 
and antioxidant defense. The presentation includes slides on Alzheimer’s disease, 
neurodegeneration, synaptic plasticity, and the microbiota-gut-brain axis. These are 
not yet direct indications for sulfurous spa therapy in a strong evidence-based sense. 
Rather, they show that H₂S biology belongs to the same mechanistic universe as 
modern neurorehabilitation: neuroplasticity, inflammation resolution, mitochondrial 
health, vascular regulation, and systemic homeostasis.



Diabetes mellitus is associated with oxidative stress, chronic low-grade inflammation, 
endothelial dysfunction, impaired nitric oxide signaling, mitochondrial stress, altered 
glucose uptake, and vascular remodeling. H₂S has been studied in relation to insulin 
signaling, GLUT4 translocation, mitochondrial function, inflammatory cytokines, 
angiogenesis, and endothelial barrier function. For Romanian balneology, this is clinically 
relevant because many spa patients are elderly, metabolically complex, and affected by 
multimorbidity. Sulfurous resources may therefore be integrated into rehabilitation 
models addressing not only the joint or the skin, but also systemic vascular and 
metabolic vulnerability.





The skin is another essential interface. In 
sulfurous baths, H₂S and related sulfur 
species interact first with the epidermis, 
dermis, cutaneous vessels, nerve endings, 
sebaceous glands, immune cells, and 
connective tissue. The slide on skin structure 
illustrates the importance of this local 
exposure. The classical use of sulfurous 
waters in dermatology, including selected 
chronic inflammatory or keratinization 
disorders, may be linked to local 
vasodilation, modulation of inflammation, 
antimicrobial effects, keratolytic actions, and 
changes in redox signaling. Older 
balneological literature also describes 
absorption routes through the skin, digestive 
tract, respiratory mucosa, and other mucosal 
surfaces, which is relevant for baths, drinking 
cures, inhalations, and local applications. 

In water and in biological systems, sulfur does not exist in only one 
form. H₂S, HS⁻, persulfides, polysulfides, thiosulfate, sulfite, sulfate, and 
protein-bound sulfane sulfur form a dynamic redox network. The 
therapeutic identity of a sulfurous spring therefore depends not only on 
the nominal presence of H₂S, but on the entire sulfur speciation profile. 
This has implications for storage, transport, bottling, bath preparation, 
inhalation procedures, and mud maturation. Sulfurous waters are 
chemically alive systems, and they change with oxygen exposure, 
temperature, microbial activity, and time.
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The interaction between H₂S and nitric oxide is one of the strongest mechanistic 
arguments for cardiovascular relevance. H₂S can support endothelial function, influence 
eNOS activity, preserve nitric oxide bioavailability, activate potassium channels, and 
promote vascular smooth muscle relaxation. In conditions of oxidative stress, 
endothelial nitric oxide synthase may become uncoupled, reducing NO production and 
increasing reactive oxygen species. H₂S appears to participate in the preservation of 
redox balance and may help maintain physiological vasodilatory signaling. This is highly 
relevant for cardiovascular rehabilitation, peripheral vascular dysfunction, metabolic 
syndrome, and aging-related endothelial impairment.
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Atherosclerosis is not merely lipid deposition. It is an inflammatory, oxidative, endothelial, 
immune, and metabolic process. H₂S signaling intersects with all these levels. It may influence 
macrophage activity, leukocyte adhesion, oxidative stress, smooth muscle cell behavior, matrix 
remodeling, and vasodilation. In balneology, this provides a plausible mechanistic background 
for the traditional use of sulfurous therapies in vascular, rheumatic, and chronic inflammatory 
conditions. However, we must be careful: plausible mechanisms are not the same as definitive 
clinical proof. They are hypotheses that must guide rigorous clinical research.



H₂S is produced by sulfate-reducing bacteria and other microbial pathways. In 
physiological amounts, microbiota-derived H₂S may participate in mucosal integrity, 
epithelial function, mucus protection, and „immune regulation. In excessive or 
dysregulated contexts, however, H₂S may contribute to mucosal injury, inflammation, 
or dysbiosis. This again illustrates the central principle: biological effects depend on 
dose, compartment, timing, and context. It also supports the idea that internal 
crenotherapy with sulfurous waters must be individualized and medically supervised. 











Some clinical balneological literature distinguishes low-concentration sulfurous 
waters used internally from higher-concentration waters used externally, while 
also noting that crenotherapy protocols are not globally standardized. 



This brings us to safety. H₂S is biologically active because it is chemically reactive. The 
same property that gives it signaling capacity also explains its toxicity at high 
concentrations. Therefore, the clinical use of sulfurous waters requires precise 
knowledge of concentration, route of administration, ventilation, exposure duration, 
contraindications, and patient vulnerability. Balneary H₂S resources should be treated 
with the same seriousness as any active therapeutic factor. Their natural origin does not 
eliminate the need for rigorous medical control. On the contrary, it increases the need 
for standardization because natural resources are variable.



Hydrogen sulfide is a small molecule with a large biomedical meaning. In the 
organism, it acts as a gasotransmitter involved in vascular tone, redox homeostasis, 
mitochondrial regulation, inflammation, metabolism, and neurobiology. In 
balneology, it appears as an exogenous natural therapeutic factor in sulfurous waters 
and therapeutic muds. Romania has diverse sulfurous resources that deserve 
renewed scientific attention, not only as elements of tradition, but as resources for 
modern, mechanism-based, evidence-oriented rehabilitation medicine.

We must preserve the natural therapeutic factors, characterize them precisely, study 
them rigorously, and integrate them responsibly into contemporary medicine. In this 
way, Romanian balneology can contribute not only to health tourism, but also to 
preventive medicine, chronic disease management, rehabilitation, and translational 
biomedical research.



“If we have no passion, we have nothing to start with in life” (Lin Yutang) 

Va mulțumesc mult pentru atenție!

• Conf. univ. dr. biol. Constantin Munteanu

THANK YOU! 
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