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Endo-Protective Membrane 
(Glycocalyx) in disease
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NO availability            ⬇ leakage of             platelet adherence        ⬆ leukocyte adhesion ⬆
Oxidative stress      ⬆  macromolecules       ⬆ thrombin generation          ⬆ and diapedesis
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H2S as gasotransmitters

Altaany Z et all. Schematic representation of proposed pathways of H2S-induced NO production and angiogenesis. 
Cell Mol Med 2013; 17(7): 879-888 



Cellular production

Methionine Homocysteine Cystathionine L- Cysteine

Hydrogen sulfide

Thiosulfate

Sulfite

Sulfate

3-Mercapto
PiruvateD-Cysteine

M
ito

ch
on

dr
io

n

DAO

TSR

3MST

CBS

CSE

CBSCSE

CSE

Peroxisome

Cysteine AminoTransferase (CAT) 
D-amino Acid Oxidase (DAO) 

Cystathionine -Lyase (CSE)γ
Cystathionine -Synthase (CBS) β
Mercapto-pyruvate SulfurTransferase (3MST)

Cell
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Storage and release of H2S
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biology: Pathophysiological roles and detection. Nitric Oxide. 2013; 35: 5–20



The reports of different concentration levels of H2S in mammals
are dependent on the methods used to determine its
concentration. These methods include spectophotometric
measurement of methylene blue formed from the reaction of N-
dimethyl-p-phenylenediamine with sulfide, or alternatively,
sulfide anion measurement with an ion-selective electrode. Olson
et al. (14) discussed these methods in detail and their respective
drawbacks. In mammals, it has been proposed that H2S has a
circulating concentration of between 1 and 300 µM (15-17) in
blood, and concentrations in the 50–160 µM range (18) in the
brain, although the true concentrations are likely to be lower than
the values mentioned above. H2S is also present in the lumen of
human large intestine at millimolar concentrations, but the level
of unbound sulfide is in the micromolar range due to the binding
of sulfide to faecal components (19). Even after systemic
administration of H2S donors (Table 1) at doses that produce
pharmacological effects, plasma H2S concentrations rarely rise
above the normal range, or only for brief periods of time (20).

GENERAL FUNCTIONS OF HYDROGEN SULFIDE

Physiologically, H2S is an endogenous gaseous transmitter
and an important signaling molecule involved in inflammation
(21-24). H2S is able to stimulate and inhibit the mitochondrial
electron transport, depending on its concentrations. It has been
reported to act as both substrate, at low concentration (<5
µM)(25); and inhibitor, at high concentration (>20 µM) (6) for
the cytochrome oxidase system. H2S has also been demonstrated
to regulate L and T type calcium channels and open KATP

channels.(26-29). H2S also possesses anti-oxidative properties,
increasing superoxide dismutase (SOD) activity, glutathione
(GSH) turnover, decreasing reactive oxygen species (ROS)
production; and anti-apoptotic properties by inhibiting nuclear
factor kappa beta (NF-kB) pathways, mitogen-activated protein
kinase p38 (MAPK p38), C-Jun N-terminal kinase (JNK), Bcl-2
associated X protein (BAX) and caspase 3, as well as up
regulating Bcl (30, 31). Interestingly studies have also

demonstrated that H2S can mediate its cytoprotective excitation
of the sensory nerve supplying the tissue (29).

Previous studies exploring the roles of H2S have used its
donors and inhibitors of its producing enzymes to investigate the
effects of H2S as well as its inhibition. For instance, DL-
propargyl glycine (PAG) is an irreversible inhibitor of CSE and,
when administered to rodents, produces an almost complete
inhibition of the activity of this enzyme (32). The examples of
H2S donor, H2S enzymes and their inhibitors are listed in Table 1.

Increase in H2S level has been associated with reduced
inflammation in various organ systems, such as in inflammatory
bowel disease, particle induced airway irritation and
neuroinflammation (33-35). It has demonstrated the ability to
reduce oedema formation and leukocyte adherence to the vascular
endothelium, and to inhibit pro-inflammatory cytokine synthesis
(20). Some studies even demonstrate the organ protective effects
of H2S against lipopolysaccharides (LPS) exposure (36, 37).
However numerous studies have found that in sepsis, H2S
administration significantly worsens the inflammation (38, 39).
This is associated with significantly increased histological
deterioration in various organs and worse disease outcome (40,
41). Inhibition of H2S production significantly reduces pathology
severity and overall survival, which would implicate theraputic
benefit of H2S production inhibition in sepsis (42, 43). The effects
of H2S in endotoxaemia and sepsis related inflammation have
been discussed in great detail in other reviews (20, 22, 24, 38, 39,
42, 44). As such we will not attempt to discuss this topic in detail.

The molecular targets of H2S are summarised in Fig. 2.

CARDIOVASCULAR SYSTEM

Hydrogen sulfide is synthesised in the cardiovascular system
by CSE and 3-MST, but not by CBS which are found in various
blood vessels including the aorta and portal vein (45-47).

Hydrogen sulfide is involved in a number of physiological
and pathological processes in the cardiovascular system (28, 48).
At low concentrations, exogenous H2S acts as a vasodilator and
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Fig. 2. General ‘pharmacological’ functions of hydrogen sulfide.
BAX, Bcl-2 associated X protein; CO, carbon monoxide; ERK, extracellular-signal-regulated kinase; GSH, glutathione; GSK3b,
glycogen synthase kinase 3 beta; H2S, hydrogen sulfide; MAPK, mitogen-activated protein kinase; PI3K, phosphoinositide 3-kinase;
PKC, protein kinase C; NF-kB, nuclear factor kappa beta; Nrf2, NF-E2 p45-related factor 2; ROS, reactive oxygen species; SOD,
superoxide dismutase; TRPV-1, transient receptor potential cation channel subfamily V member 1.

Jin Z, Chan H, Ning J, Lu K, Ma D. The role of hydrogen sulfide in pathologies of the vital organs 
and its clinical application. J Physiol Pharmacol 2015; 66(2): 169-79



H2S proprieties

⦿ Regulation of blood flow
⦿ Organs protection (ischemia)
⦿ Cellular defences
⦿ Against inflammation
⦿ Anti-apoptosis
⦿ Cellular metabolism
⦿ Anti-oxidation
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Carbajo JM, Maraver F. Sulphurous Mineral Waters: New Applications for Health. Evid Based 
Complement Alternat Med. 2017; 2017:8034084. doi: 10.1155/2017/8034084. 



Gas very soluble in water: ≈ 80 mM (37ºC)

      H2S                   HS-                          S2-    pKa 
7.04
pKa 
7.04

pKa 
11.96
pKa 

11.96

Physiological pH (7.4): H2S / HS-  is ≈ 1:3

pH

Temperature
  At 37ºC  20% H2S    25ºC  40% H2S

Oxygen: H2S  H2SO4  

H2S Chemicals Properties
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What’s about hydrophilic solutes? 
(Chen L, 2013)

Chen L, Han L, Lian G. Recent advances in predicting skin permeability of hydrophilic solutes, Adv. 
Drug Deliv. Rev. 65 (2013) 295–305.

11
11

Hydrophilic solutes enter into the SC corneocytes
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Epidermis

Dermis

• Adsorption 
– (Colloidal sulphur)

• Adsorption/Penetration
– Hydrosulphide anion

• Penetration /Absorption
– Hydrogen Sulphide

• Cellular absorption
– Most salts



Desorption of substances
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⦿ Chlorine (Cl-)
⦿ TEA+
⦿ Mannitol
⦿ Sodium (Na+)
⦿ Glycerine
⦿ Niacinamide 

Miller MA, Yu F, Kim KI, Kasting GB. Uptake and desorption of hydrophilic compounds from human 
stratum corneum. J Control Release. 2017 Sep 10;261:307-317. doi: 10.1016/j.jconrel.2017.06.015.

⦿  Sucrose 
⦿ Water
⦿ 1-propanol
⦿ Testosterone 



Cellular absorption
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Kimura H. Hydrogen sulfide and polysulfides as signaling molecules. Proc Jpn Acad Ser B Phys Biol 
Sci. 2015; 91(4): 131-59.
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Lin AN, Reimer RJ, Carter DM, Sulfur revisited. J Am Acad 
Dermatol 1988; 18(3): 553-8

Wani R, Nagata A and Murray BW, Protein redox chemistry: post-
translational cysteine modifications that regulate signal 
transduction and drug pharmacology. Front Pharmacol 2014; 5: 
224,doi: 10.3389/fphar.2014.00224 
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H2S keratinocyte inside 
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Merighi S, Gessi S, Varani K, Fazzi D, Borea PA. Hydrogen sulfide modulates the release of nitric 
oxide and VEGF in human keratinocytes. Pharmacol Res. 2012; 66(5): 428-36



Skin behaviour to H2S
⦿ Low concentration:

⦿ Keratinocytes proliferation               (anti-
apoptotic)

⦿ Vasodilation
⦿ Pro-angiogenesis

⦿ High concentration:
⦿ Keratinocytes differentiation - Cytostatic 

(pro-apoptotic)
⦿ Less vasodilation
⦿ “Anti”-angiogenesis

Carbajo JM, Maraver F. Sulphurous Mineral Waters: New Applications for Health. Evid Based 
Complement Alternat Med. 2017; 2017:8034084. doi: 10.1155/2017/8034084. 



Hydrogen sulphide absorption (I)

sulphurous mineral water
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Hydrogen sulphide absorption (II)



Gastrointestinal absorption
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Hydrogen sulphide absorption (III)



Bathtub
Techirghiol-Romania



Bath 
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Haapsalu-Estonia



Grazie mille per la tua attenzione!
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