
INTERNATIONAL JOURNAL OF IMMUNOPATHOLOGY AND PHARMACOLOGY Vol. 26, no. 3,633-646 (2013)

SULPHUROUS THERMAL WATER INCREASES THE RELEASE OF THE ANTI
INFLAMMATORY CYTOKINE IL-IO AND MODULATES ANTIOXIDANT ENZYME

ACTIVITY

C. PRANDELLP, C.PAROLN, L. BUIZZAl,A. DELBARBA2, M. MARZIANOl,
V. SALVI!, V.ZACCHP, M.MEMO!, S. SOZZANP,4, S.CALZA l , D. UBERTI1.2.5 and D.BOSISI01

IDepartment ofMolecular and Translational Medicine, University ofBrescia, Brescia, Italy;
2Diadem Ltd, Spin offofUniversity ofBrescia, Brescia, Italy; "Ierme di Sirmione S.p.A, Colombare

di Sirmione, Italy; 'Humanitas Clinical and Research Center, Rozzano, Italy; 'Department of
Molecular and Translational Medicine, University ofBrescia, Brescia, Italy

Received December 19, 2012 - Accepted July 9, 2013

The beneficial effects of hot springs have been known foreenturtes and treatments with sulphurous
thermal waters are recommended in a number of chronic pathologies as well as acute recurrent infections.
However, the positive effects of the therapy are often evaluated in terms of subjective sense of wellbeing
and symptomatic clinical improvements. Here, the effects of an S-based compound (NaSH) and of a
specificsulphurous thermal water characterized by additional ions such as sodium chloride, bromine and
iodine (STW) were investigated in terms of cytokine release and anti-oxidant enzyme activity in primary
human monocytes and in saliva from 50 airway disease patients subjected to thermal treatments. In
vitro, NaSH efficiently blocked the induction of pro-inflammatorycytokines and counterbalanced the
formation of ROS. Despite STW not recapitulating these results, possibly due to the low concentration
of S-based compounds reached at the minimum non-toxic dilution, we found that it enhanced the release
of IL-10, a potent anti-inflammatory cytokine. Notably, higher levels of IL-10 were also observed in
patients' saliva following STW treatment and this increase correlated positively with salivary catalase
activity (r2 =0.19, *p<0.01). To our knowledge, these results represent the first evidence suggesting that
S-based compounds and STW may prove useful in facing chronic inflammatory and age-related illness
due to combined anti-inflammatory and anti-oxidant properties.

The beneficial effects of hot springs have been
known for centuries. Treatment with sulphurous
thennal waters has been recommended in a number
of chronic pathologies as well as acute recurrent
infections. However, the positive effects ofthe therapy
are often evaluated in terms of subjective sense of
wellbeing and symptomatic clinical improvements,
while the effects of thermal waters on the immune,
nervous and endocrine systems are still to be well

elucidated. In addition, each different thermal water
is unique in terms of composition and properties, and
thus ad hoc studies may be required to elucidate its
specific effects on cells and systems. In the last decade,
numerous studies have been focused on understanding
the molecular and cellular mechanisms involved in
hot spring therapeutic effects (1). Besides the well
documented effects on upper and lower respiratory
airways, such as antibacterial and mucolytic activity
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and trophic effects on respiratory mucosa (2, 3), many
other functions have been attributed to sulphurous
water, such as hypocholesterolemic activity (4). In
the past few years it has also been documented that
some S-based therapies might play an important role
in antioxidant strategies against oxidative damage
commonly associated with aging and age-related
degenerative disease, such as osteoarthritis and chronic
inflammatory diseases (5-7). As expected, based
on the known effect of oxidative stress on immune
responses (8), in vitro studies have shown that H2S
and sulphurous thermal water can inhibit proliferation
of normal lymphocytes and of T cells obtained from
patients with chronic immunomediated diseases. H2S
can also inhibit interleukin 2 and interferon gamma
release from T helper I lymphocytes. In addition,
it has been shown that hydrotherapy can modulate
peripheral leukocyte ratios and the proliferative
response ofT lymphocytes (9). It should also be taken
into consideration that since many immune processes
are ion dependent, including peroxide scavenging,
oxygen-dependent cytotoxicity, and antigen
presentation (7, 11), the availability of certain ions
such as Zn2+, Fe2+ and boron in waters from different
thermal locations may well influence the immune
response, as has been shown for bacterial clearance
(II, 12). However, whether or not thermal waters
affect the immune response due to the increased
ion supply is still unknown. In addition, hydrogen
sulphide has also long been known as a toxic gas.
At high concentration, H2S complexes with the Fe3+

of mitochondrial cytochrome oxidase, consequently
inhibiting cellular oxidative metabolism. Recently, it
has emerged that H2S is endogenously generated from
cysteine in reactions catalyzed by cystathionine-B
synthetase (CSB) and cystathionine y-lyase (CSE)
(I, 13, 14). H2S, similarly to nitric oxide, a gaseous
compound with a pleiotropic biological activity, plays
a role as a neuromodulator in the central and peripheral
nervous system (15, 16). Furthermore, the best
characterized physiological effect ofH2S to date is the
relaxation of vascular smooth muscle cells, generated
by H2S-mediated K

ATP
channel opening (17). Based on

these findings, it has been suggested that H2S can be a
signalling molecule and its physiological/therapeutic
effects can overcome its already known properties.

Much evidence underlines a reduced activity
of the immune system to face noxious stimuli and

the increased oxidative stress in elderly subjects;
two situations that have obvious implications in
chronic inflammatory diseases. ROS and NOS exert
a double role in respect to the immune system, and
play an important role in killing foreign organisms
and in acute inflammation. In addition, ROS and
NOS up-regulate pro-inflammatory cytokines,
chemokines and chemokine receptors (11, 18-21)
and may alter the immune balance towards a pro
inflammatory, tissue damaging phenotype (22, 23).
Therefore, correct control of the redox profile may
prevent the generation of a pro-inflammatory status.
Immune cells are endowed with efficient systems
that control ROS/RNS generation. Three enzymes,
working in concert, are delegated to maintain a fine
balance by reducing ROS levels. First, Superoxide
Dismutase (SOD) catalyzes the dismutation of
the superoxide anion into hydrogen peroxide and
molecular oxygen (24). Then, catalase and seleno
dependent glutathione peroxidase (GPx) catalyze the
degradation of H202 to water. It is very important
that SOD and GPxlcatalase work subsequently to
avoid HP2 accumulation, since it is potentially
the most toxic and powerful ROS. In addition,
myeloperoxidase released by degranulation from
neutrophils and monocytes reacts with HP2 in the
extracellular compartment.

Here, we investigated the effects of a specific
sulphurous thermal water (STW) on the inflammatory
and anti-oxidant enzyme responses in vitro and in
vivo in order to understand whether it may help age
related illness through the ability to modulate the
immune system and the redox profile.

MATERIALS AND METHODS

Leukocyte purification
Peripheral blood mononuclear cells (PBMC) were

isolated from buffy coats of healthy blood donors
(courtesy of the Centro Trasfusionale, Spedali Civili
di Brescia, Brescia, Italy) by Ficoll gradient (Ficoll
Paque" Plus, GE Healthcare, Israel). Highly enriched
blood monocytes were obtained from PBMCs by
immunomagnetic separation using anti-CD l4-conjugated
magnetic microbeads (Miltenyi Biotech, Germany) as
previouslydescribed (25).

Cell culture and treatments
In the experiments that were performed with NaSH
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(Sigma-Aldrich St.Louis, Mo, USA), unstimulated
monocytes (CTR), monocytes treated with 100 nglml LPS
(Escherichia coli 055:B5, Sigma-Aldrich St.Louis, Mo,
USA) or 2.5 mM NaSH alone and cells pre-incubated with
100 ng/ml LPS (I h) and then stimulated with 2.5 mM
NaSH were cultured at 1x106/ml in conditioned RPMl
16401% FBS for 24 h at 37°C.

Other experiments were carried out with Sirmione
Thermal Water (STW). Monocytes (CTR) and LPS
stimulated monocytes (l x106/ml) were cultured for 24
h in conditioned RPMI 1640 1% FBS alone or in RPMI
1640 1% FBS and Sirmione Thermal Water (STW) at the
following dilutions 1:10, 1:5, I:2.5 and then incubated at
37°C overnight. To prepare conditioned medium, RPMI
lOX (Sigma-Aldrich St.Louis, Mo, USA) was dissolved
in STW and then brought to volume with sterile, apirogen
water. Conditioned medium (286 mOSM) was buffered
with NaHCO) 2g/1 and Hepes 2.3 gil and added with Folic
Acid l mg/l (all Sigma-Aldrich products). Supernatants
were collected and analyzed by ELISA while apoptosis
was measured by propidium iodide (PI) staining according
to the manufacturer's instructions (Invitrogen, Eugene,
Oregon, USA) and analyzed by flow cytometry.

Pellets were harvested in 80 ul oflysis buffer containing
50 mM Tris-HCI (pH 7.6),150 mM NaCI, 5 mM EDTA, 1
mM phenyl methyl sulphonyl fluoride, 0.511g1l1lleupeptin,
5 11g1111 aprotinin and I ug/ml pepstatin. Samples were
sonicated and centrifuged at 15,000 g for 30 min at 4°C.
The resuspended pellets were used for Western blot
experiments and for measurement of the antioxidant
enzyme activities.

ELISA
Human TNFa, IL-lp, IL-6, IL-12 p70, IL-8/CXCL8,

CCL5/Rantes, IL-I0 protein levels in supernatants were
measured by Duoxet" sandwich ELISA as described
elsewhere (DuoSet® ELISA Development System, R&D
System, Minneapolis, USA) (26). Quantikine human IL
10 High Sensitive assay kit was used in salivary samples.

Subject enrolment and saliva preparation
Fifty patients (32 males and 18 females), average age

54.1±8.3 SD, were enrolled at San Vigilio Spa, Sirmione,
Italy. The majority of enrolled subjects, who benefited
from the thermal treatment, suffered from chronic sinusitis,
rhino-pharyngitis, bronchitis or otitis in the absence ofany
concomitant acute infection. Thermal treatment consisted
of 12 days of one or more of the following: aerosol,
inhalations, micronized shower and humage. Saliva
samples were collected before (TO) and after (TI) the
thermal treatments. Thirty-six healthy subjects (20 males
and 16 females) with and average age of 38.8±9.6 SD,
were also enrolled (indicated as CTR). The protocol of

the study was approved by the Bioethical Committee for
studies on Human Subjects at the ASL Brescia. Approval
n. 49/20 I I and a written consent was obtained from all
subjects. The demographic, clinical and thermal treatment
information are reported in Table 1.

Unstimulated saliva samples were collected between
meals. Subjects were first asked to rinse their mouth
for three time using water. Then they were told to sit
comfortably and to spit into plastic tubes (50 ml) until the
volume ofsaliva was reached approximately 2 ml. Finally
samples were stored in small aliquots at -20°C (27).
Two cohorts of subjects were chosen: controls (CTR).
and patients who had decided to undergo different types
of thermal treatments because they were suffering from
diseases that affect, in most cases, the upper airways. In
these cases the saliva was collected before (TO) and after
(TI) the thermal treatments, which lasted for 12 days.

Before the determination of protein amount, the
proteins were precipitated by adding cold acetone pre
chilled at -20°C to the saliva sample (sample: acetone=
I :9) and leaving the mixture at -20°C overnight. After
spinning at 14,000 g for 20 min and washing the pellets
with cold acetone, supernatants were removed to obtain
the pellets. Eighty 111 of lysis buffer containing 50 mM
Tris-HCI (pH 7.6), 150 mM NaCI, 5 mM EDTA, I mM
phenyl methyl sulphonyl fluoride, 0.511g1111 leupeptin, 5
11g1111 aprotinin and 1 ug/rnl pepstatin was added to pellets.
Protein contents were determined by a conventional
method (BCA protein assay Kit, Pierce, Rockford, lL,
USA). The protein concentration of the patients and of
the healthy subjects (indicated as CTR) was comprised in
the 1.7-2.6I1g/111 interval. The protein concentration in the
patients did not change before (TO) and after the thermal
treatment (T1).

Western blot analysis
Cells were harvested in 80 111 oflysis buffer containing

50 mM Tris-HCI (pH 7.6), 150 11M NaCl, 5 mM
EDTA, 1 mM phenyl methyl sulphonyl fluoride, 0.5I1g/
111 leupeptin, 5 11g1111 aprotinin and 1 ug/ml pepstatin.
Samples were sonicated and centrifuged at 15,000 g for
30 min at 4°C. Protein contents were determined by a
a conventional method (BCA protein assay Kit, Pierce,
Rockford, IL, USA). Twenty mg of protein extracts were
electrophoresed on 12% SDS-PAGE, and transferred
to nitrocellulose paper (Amersham-GE Life Sciences
Healthcare, Milan, Italy). Filters were incubated at room
temperature overnight with primary antibodies in 5%
non-fat dried milk (Euroclone CELBIO, Milan, Italy).
The antibodies used for this study were: antibodies that
recognize the two isoforms of superoxide dismutase, Cu
Zn superoxide dismutase (anti-SOD 1 antibody, 1:200,
Santa Cruz Biotechnology Inc., Heidelberg, Germany) and
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Mn-superoxide dismutase (anti-SOD2 antibody, 1:200,
Sigma Aldrich, St Louis, MO, USA) and anti n-tubulin
antibody (I :2000, Sigma Aldrich, St Louis, MO, USA).
The secondary antibodies (Dako, Glostrup, Denmark) and
a chemiluminescence blotting substrate kit (Amersham
GE Life Sciences Healthcare, Milan, Italy) were used for
immunodetection.

Superoxide dismutase (SOD) activity
Superoxide dismutase catalyzes the dismutation of

superoxide (02-) into oxygen and hydrogen peroxide.
The 02- substrate for SOD is generated indirectly in the
oxidation of epinephrine at alkaline pH by the action of
oxygen on epinephrine. As 02-builds in the solution, the
formation of adrenochrome accelerates because 02-also
reacts with epinephrine to form adrenochrome (measured
at 480 nm). SOD reacts with the 02- formed during the
epinephrine oxidation and therefore slows down the rate
of formation of the adrenochrome as well as the amount
that is formed.

SOD total activity was measured using a buffer (G
buffer) that contained 0.05 M glycine, 0.1 M NaCl and
0.1 M NaOH, ph 10.34. Five ~I of sample and 5 ~I of
epinephrine (Sigma Aldrich, St Louis, MO, USA) were
added to 190 ~I of buffer. The reaction was monitored
in a 96-well plate reader by measuring the decrease of
absorbance at 480 nm.

Catalase activity
Optimal conditions for the assay were as follows:

5 ~I of sample were incubated in 95 ~I of substrate (65
~M hydrogen peroxide in 6.0 mM sodium potassium
phosphate buffer ph 7.4 (Sigma Aldrich, St Louis, MO,
USA) at 37°C for 60 s. One unit ofcatalase decomposes I
umol of hydrogen peroxide/l min under these conditions.
The enzymatic reaction was stopped by addition of 100
~I of 32.4 mM ammonium molybdate [(NH4)6 MO,o24
• 4Hp (Sigma Aldrich, St Louis, MO, USA)] and the
yellow complex of molybdate and hydrogen peroxide was
measured at 405 nm.

Glutathione peroxidase (Gpx) activity
GPx activity was determined using hydrogen peroxide

as substrate. Ten ~I of sample were mixed with 190 ~I

of a reaction mix containing 50 mM sodium phosphate
buffer with 0.4 mM EDTA, ph 7.0, 1.0 mM sodium
azide solution, ~- NADPH (1.0 mg vial of ~- NADPH,
reduced form, tetrasodium salt, Sigma stock No. 201
201), glutathione reductase (GR) (lOOU/ml Sigma Prod
No. G-3664) and 200 mM glutathione reduced (GSH).
The absorbance at 340 nm was monitored until constant
and then 5 ~I of 0.042% hydrogen peroxide were added.
The decrease in A340 was recorded for approximately 5

min. The data were expressed as nmol NADPH oxidized
to NADP+/mg protein/min by using the molar extinction
coefficient of 6.2 at 340 nm.

Reactive oxygen species detection
Detection of intracellular ROS was performed as

follow: monocytes from healthy donator, grown on
10-cm2 dishes, were centrifuged and resuspended in
pre-warmed buffer (HBSS) containing the probe (2',7'
dichlorofluorescein (DCF) (Molecular Probes, Invitrogen,
USA) to provide a final working concentration of 5 ~M
dye for 30 min at 37°C. The cells were then washed 3
times with HBSS and were finally resuspended in 300
~I of PBS. Chemically reduced and acetylated forms of
2',7'- dichlorofluorescein (DCF) are nonflourescent until
the acetate groups are removed by intracellular esterases
and oxidation occurs within the cell. Oxidation of this
probe can be detected by monitoring the increase in
fluorescence with a flow cytometer Partee PASII (Partee,
GmbH, Munster, Germany). For each sample, data from
20,000 events were recorded in list mode, displayed on
logarithmic scales and analyzed using FlowJo software.

NADPH oxidase activity
It is known that NADPH oxidase converts molecular

oxygen to superoxide through the oxidation of NADPH
to NADP plus W. NADPH has an absorbance spectrum
at 340 nm, and the reduction in absorbance at 340 nm
is proportional to the decrease in NADPH through its
consumption by the NADPH oxidase. It was shown that
NADPH has an absorption coefficient of 6.22 mM-1cm1

at 340 nm, which was used to calculate the amount of
NADPH consumed during the assay

Thirty-five ~I of buffer [(Dulbecco's phosphate
buffered saline pH 7.4 (Sigma Aldrich, St Louis, MO,
USA)] and 10 ~I of sample were transferred into a 96
well plate. Each sample was carried out in duplicate.
Immediately before the plate was read in the plate reader,
0.1 mM NADPH was added to each well (50 ~I final
volume), and the decrease in absorbance of NADPH,
because it was converted to NADP, was measured at 340
nm every 15 s for 2 min.

Data were expressed in ~M NADP/~g protein/min,
and was calculated using the equation C=A/(ExL), where
C is the concentration of NADP reduced by the NADPH
oxidase, A is the absorbance (the gradient of the initial
rate ofreaction), E is the extinction coefficient ofNADPH
(6.22 mM-lcm-l) and L is the pathway length (I ern).

Statistical evaluation
Results were given as mean ± standard error mean

values.Statisticalsignificanceof differenceswas determined
by mean values of ANOVA, followed by Bonferroni test.
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Significance was accepted for a *p value < 0.05.

RESULTS

Effects ofhydrogen sulphide on cytokine release and
antioxidant enzyme capacity in human monocytes

To evaluate the effect of NaSH on the immune
response and antioxidant profile, monocytes from
8 different healthy donors were challenged with a
pro-inflammatory stimulus represented by Gram
negative lipopolysaccharide (LPS) in the presence
or absence of NaSH. Preliminary concentration
curve experiments evaluating cell viability and
cytokine release were run in order to identify the
appropriate concentration of NaSH. The exposure

to NaSH at concentrations ranging 0.1 mM-2.5 mM
did not induce significant cell death in monocytes,
as evaluated in terms of PI positive cells, while
inducing a dose-dependent increase of the pro
inflammatory chemokine CXCL8 (data not shown)
(14). Therefore, subsequent experiments were run
with the concentration of 2.5 mM (28). Fig. I shows
that NaSH increased two-fold the release of the
chemotactic cytokine CXCL8 (NaSH 3.07±0.98 vs

CTR 0.74±0.34 *p< 0.0I) but was ineffective on the
other cytokines tested. When added I h following
LPS, NaSH strongly reduced the release of TNF-a
(Fig. lB), IL-6 (Fig. ID) and IL-IO (Fig. IE). We
also observed decreased levels of CXCL8 (Fig.
lA) and IL-l~ ( Fig. lC), although these were not
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Fig. 1. Effects ofNaSH on cytokine production in human monocytes. Monocytes from 8 different healthy donors were
exposed to 2.5 mM NaSH alone or in combination with 100 ng/ml LPS and 24 h later processedfor measuring cytokine
release. A) CXCL8 (statistical significance: CTR vs NaSH *p<0.05 and CTR vs LPS *p<0.0001). B) TNF-a (statistical
significance: CTR vs LPS * p< 0.0001, NaSH vs LPS * p< 0.0001 and LPS vs LPS+NaSH *p<0.001), (C) IL-1b (
statistical significance: CTR vs LPS *p<0.001 and NaSH vs LPS *p<0.001), (D) IL-6 (statistical significance: CTR vs
LPS *p<0.001, NaSH vs LPS *p<0.001 and LPS vs LPS+NaSH *p<0.001) and IL-10 (statistical significance: CTR vs
LPS *p<0.001, NaSH vs LPS *p<0.001 and LPS vs LPS+NaSH *p<0.05).
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Fig. 2. Effects of NaSH on ROS production in human monocytes. Freshly isolated human monocytes were exposed to
2.5 mM NaSH alone or in combination with 100 ng/ml LPS and 2, 6 and 24 h later processed for measuring ROS/
RNS generation and AOE activity. Representative scatter image ofoxidized 2 "7 '-DCFfluorescence (A) and quantitative
analysis expressed as Mean Fluorescence Intensity (MFI) (B). Results are representative ofthree independent donors.

statistically significant. We also addressed the release
of the anti-inflammatory cytokine TGF-p, which was
found undetectable in all experimental conditions
(data not shown).

Next , we investigated the effect ofNaSH on LPS
induced ROS/RNS generation (Fig. 2). As expected,
LPS exposure induced the production of ROS/RNS
over time as assessed by accumulation of oxidized
2',7'- dichlorofluorescein (DCF) (Fig. 2A upper
panels and 28 open squares). However, the presence
of NaSH completely reverted this effect (Fig. 2A
lower panels and 28 open triangles).

Given the well known role of free radical species
in developing and sustaining the pro-inflammatory
status, the effects of NaSH were investigated on
the cellular ROS/RNS generation as well as on
their detoxification cascade. In particular, the
activity of NADPH oxidase, superoxide dismutase
(SOD) , catalase and glutathione peroxidase (GPx)
enzymes was measured in protein extracts of LPS
stimulated monocytes. As expected, LPS induced
a statistically significant increase (LPS vs CTR *
p<O.OOO I) of NADPH oxidase activity already at 2
h (Fig. 3A). Such enhancement was sustained up to
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Fig. 3. Effects ofNaSH on pro and antioxidant enzyme activities in human monocytes. Monocytes from 8 different healthy
donors were exposed to 2.5 mM NaSH alone or in combination with 100 ng/ml LPS and 2, 6 and 24 h later were processed
for NADPH oxidase (statistical significance 2 h: CTR vs LPS * p < 0.0001 and LPS vs LPS+NaSH * p< 0.0001. 6 h:
CTR vs LPS *p< 0.0001 and LPS vs LPS+NaSH *p< 0.0001, 24 h: CTR vs LPS *p< 0.0001 and LPS vs LPS+NaSH *
p< 0.0001) (A), total SOD (statistical significance 2 h: CTR vs LPS *p<O.OOOl and CTR vs LPS+NaSH *p< 0.001; 6
h: CTR vs LPS+NaSH *p< 0.05) (B), catalase (statistical significance 2 h: CTR vs NaSH *p value< 0.05 and CTR vs
LPS+NaSH *p value« 0.001; 6 h: CTR vs NaSH *p value< 0.05 and CTR vs LPS+NaSH *p value< 0.001) (D) and GPx
activity (E). Protein extracts were processedfor western blot analysis with anti-Mn-SOD and anti-Cu-Zn SOD antibodies
and band intensity was quantified by densitometry (C). Results are expressed as Mean ± SE ofat least 3 independent
donors (statistical significance: Mn-SOD: CTR vs LPS and LPS vs LPS+NaSH * p value< 0.0001 CTR vs NaSH * p
value< 0.05; Cu-Zn-SOD: CTR vs NaSH *p value< 0.0001 and LPS vs LPS+NaSH *p < 0.05)
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Fig. 4. Effects ofSTW on cytokine production in human monocytes. Cells cultured in standard medium or in conditioned
medium containing the indicated STW amounts were exposed to LPS 100 ng/ml for 24 h and then supernatants analyzed
for cytokine release CXCL8 (statistical significance: RPM] vs STW dilution 1:10, 1:5, 1:2.5 *p< O.OOOI)(A); lL-6
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RPMI+LPS vs STW dilution + LPS) 1:10,1:5, 1:2.5 *p< 0.05) (D). Results were expressed as Mean ± SE of6 different
culture preparations obtainedfrom 6 different healthy donors

24 h, confirming the DCF result. NaSH significantly
prevented LPS-induced NADPH oxidase activity
at all times examined (LPS vs LPS+NaSH *
p<O.OOOl). In addition, SOD activity was increased
by all conditions, especially at earlier time-points
(Fig. 3B). Consistent with this finding, all treatments
could increase the expression of mitochondrial Mn
SOD, although to a different extent, while NaSH
alone or in combination with LPS also induced
the expression of cytosolic Cu-Zn-SOD (Fig. 3C).
Interestingly, at 2 and 6 hours of treatment, NaSH
significantly increased the activity of the superoxide
anion detoxifying enzyme (catalase) as compared to

LPS. This induction was even more significant when
NaSH was administered to cells in combination with
LPS (Fig. 3D). As shown in Fig. 3E, none of the
treatments affected the activation of GPx.

Effects of STW on cytokine production and
antioxidant enzyme activity in human monocytes

Thermal waters are characterized by a specific
composition in terms of trace elements which makes
their effects unique. STW is characterized, beside
H2S, by additional ions such as sodium chloride,
bromine and iodine. To compare the effects of
complete STW with those described for NaSH
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Table I. Demographic, clinical and thermal treatment information.
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PATIENTS AGE SEX PATHOLOGY THERMAL TREATMENTS
I 41 M Chronic sinusitis Micronized shower inhalation aerosol
2 53 M Chronic sinusitis Micronized shower, inhalation, aerosol
3 43 M Rhino-pharyngitis Micronized shower, inhalation, aerosol
4 57 M Chronic sinusitis Micronized shower, inhalation aerosol
5 68 M Bronchitis Inhalation, aerosol
6 62 M Chronic sinusitis Micronized shower, inhalation aerosol
7 55 F Chronic sinusitis Micronized shower, inhalation, aerosol
8 46 F Chronic sinusitis Micronized shower, inhalation aerosol humage
9 46 M Rhino-pharyngitis Micronized shower inhalation aerosol

10 46 M Rhino-pharyngitis Inhalation, aerosol
11 70 F Rhino-pharyngitis Inhalation, aerosol
12 47 F Rhino-pharyngitis Inhalation, humage
13 56 M Rhino-pharyngitis Micronized shower, inhalation, aerosol
14 50 F Rhino-pharyngitis Inhalation, aerosol
15 65 M Rhino-pharyngitis Inhalation, aerosol
16 42 F Chronic sinusitis Micronized shower, inhalation, aerosol
17 59 F Otitis Micronized shower, inhalation, aerosol
18 40 F Rhino-pharyngitis Micronized shower, inhalation, aerosol
19 54 M Bronchitis Inhalation, humage
20 49 F Chronic sinusitis Micronized shower, inhalation, aerosol
21 59 M Otitis Micronized shower, inhalation, aerosol
22 50 F Chronic sinusitis Inhalation, aerosol
23 48 F Chronic sinusitis Micronized shower, inhalation, aerosol
24 49 F Chronic sinusitis Micronized shower, inhalation, aerosol
25 42 M Chronic sinusitis Micronized shower, inhalation, aerosol
26 61 F Chronic sinusitis and arthritis Micronized shower, inhalation, aerosol, mud
27 65 M Chronic sinusitis Micronized shower, inhalation, aerosol
28 51 M Rhino-pharyngitis Micronized shower, inhalation, humaze
29 59 M Rhino-pharyngitis Micronized shower, inhalation, aerosol
30 59 M Rhino-pharyngitis Micronized shower, inhalation, aerosol
31 59 M Chronic sinusitis Inhalation, aerosol
32 62 M Otitis Micronized shower, inhalation, aerosol
33 51 F Otitis Inhalation, aerosol
34 41 M Chronic sinusitis Micronized shower inhalation aerosol humaze
35 50 M Otitis Micronized shower, inhalation, aerosol
36 54 M Chronic sinusitis Micronized shower, inhalation, aerosol
37 57 M Chronic sinusitis Inhalation, humage
38 49 M Rhino-pharyngitis Micronized shower, inhalation,
39 41 M Chronic sinusitis Micronized shower, inhalation, aerosol
40 71 F Rhino-pharyngitis Inhalation, aerosol
41 63 M Rhino-pharyngitis Inhalation, humage
42 46 F Chronic sinusitis Micronized shower, inhalation, aerosol, humage
43 59 M Rhino-pharyngitis Inhalation, aerosol, humaze
44 64 M Chronic sinusitis Micronized shower, aerosol
45 55 F Chronic sinusitis Micronized shower, inhalation, aerosol
46 63 M Chronic sinusitis Inhalation, humage
47 54 F Chronic sinusitis Inhalation, humage
48 57 M Chronic sinusitis Micronized shower, inhalation, aerosol
49 66 M Rhino-pharyngitis Micronized shower, inhalation, aerosol
50 51 M Rhino-pharyngitis Inhalation, aerosol, hurnaze

M' male; F: female
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for dilution preparation). We found that monocytes
were healthy and viable after 24-h culturing in all
STW dilutions except for the lowest one (I :1.25),
which was thus eliminated from subsequent
analysis (not shown). First , we evaluated whether
STW itself could stimulate the release of pro- and
anti-inflammatory cytokines. STW at all dilutions
induced the release of CXCL 8, IL-6 and TNF-a in a
dose dependent manner (Fig . 4 A, B, C). However,
its presence could not significantly influence the
release of these pro-inflammatory cytokines induced
by LPS (Fig. 4 A, B, C). However, STW induced the
release of the anti-inflammatory cytokine IL-IO both
in basal conditions and in the presence of LPS (Fig.
40). When investigating the effects of STW on the
activity of antioxidant enzymes, we found that STW
exposure did not alter either the basal level of AOE
activity, or that induced by LPS stimulus (data not
shown) .

Effects ofSTW on cytokine release and antioxidant
enzyme capacity in patients' saliva

The effects ofSTW were evaluated on 50 patients
affected by chronic upper airway diseases (Table I).
The majority of the enrolled subjects, who benefited
from the thermal treatment, suffered from chron ic
sinusitis, rhino-pharyngitis, bronchitis or otitis.
Thermal treatment foresaw 12 days of two or more
of the following applications: aerosol, inhalations,
micronized shower and humage. Saliva samples
were collected before (TO) and after (T I) thermal
treatments. Thirty-six healthy subjects were enrolled
as controls (CTR). Saliva samples were processed for
the measurement ofcytokine amount and antioxidant
enzyme activities. The levels ofCXCL8 were similar
in controls and patients, and were not modified by
the treatment (Fig. 5A). Twelve-day STW treatment
increased the salivary release of IL-I 0 in 23 patients
out of 41 (8 unchanged, 10 decreased) (Fig. 5B and
C).

Interestingly, we found that patients affected by
upper airway diseases showed higher SOD activity
and lower GPx activity in comparison with healthy
subjects, corresponding to a clear pro-oxidant
profile and suggesting an impairment in the ROS
detoxification cascade (Fig . 6 A, C). At variance,
catalase activity did not significantly differ between
control and patients at TO because the values of the
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in previous experiments, we repeated monocyte
stimulation in presence ofdifferent dilutions of STW
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Fig. 5. Effects ofa 12-day STW therapy on salivary release
oflL-8 andIL-I o.Salivary samples derivedfrom 36 healthy
controls and 50 patients bef ore (TO) and after (Tf) the 12
days STW therapy were processed f or the measurement
of IL-8 (A) and 1L-IO (statistical significance Tf vs TO *
p <O.Ol) (B). Fold increase/decrease of1L-10 after STW
treatment (C).
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Fig. 6. Effects ofa 12-day STW therapy on AOE activity in patients' saliva. Salivary samples derived from 36 healthy
control and 50 patients before (TO) and after (TJ) the 12-day STW therapy were processed for the measurement of
SOD activity (statistical significance CTR vs TO * p< 0.0001) (A), catalase activity (B) and GPx activity (statistical
significance CTR vs TO *p< 0.001) (C). Correlation between 1L-10 fold increase and catalase fold increase after STW
treatment (y= 0.4747x+ 0.836, r = 0.19 *p<0.01)

enzyme were found very diffused in both groups
(Fig. 6B). Despite 12 days of STW treatment not
significantly altering this trend (Fig. 6 A-C), we
found a positive correlation between salivary lL-10
and catalase activity (r2= 0.19, * p<O.OI, y= 0.4747x
+0.836) (Fig. 60).

DISCUSSION

The present study investigates the effects of
S-based compounds (NaSH and STW) on the
inflammatory and anti-oxidant enzyme activities
in primary human monocytes and in saliva from
airway disease patients. Our results indicate that
these compounds may prove useful in facing chronic
inflammatory and age-related illness due to combined

anti-inflammatory and anti-oxidant properties.
The relationship between inflammation and

ROS production is multi-faceted. On one hand,
ROS production in response to pattern recognition
receptor stimulation and pro-inflammatory cytokines
is an indispensable weapon ofthe immune system for
pathogen killing. On the other hand, it is becoming
increasingly clear that ROS production plays a pro
inflammatory role by activating redox-regulated
transcription factors (NF-kB and AP-I) and inducing
the release of cytokines such as IL-l, IL-6, CXCL8,
RANTES/CCL5 (8, 29). More recently, ROS has
been proposed to playa role also in inflammasome
activation (20). Therefore, a correct control of the
redox profile may prevent the generation of chronic
inflammation.
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When investigating the effects of S-based
compounds on cytokine release by monocytes,
we found two different and apparently opposing
scenarios depending on the concomitant presence/
absence of LPS, a prototypical pro-inflammatory
stimulus. Alone, both NaSH and STW induced the
release of moderate amounts of pro-inflammatory
mediators. In particular, both induced the neutrophil
attracting chemokine CXCL8, and STW also
induced low levels ofTNF-a and IL-6. Despite this
difference, which may well depend on the peculiar
ion and oligoelement composition of STW, it is
tempting to speculate that in some contexts S-based
compounds may exert a mild pro-inflammatory effect
which, according to the "Hormesis theory" (30),
would alert the immune system to react promptly
against intervening infections. In this scenario, our
results could support the effectiveness of thermal
water treatments also in prevention of inflammatory
diseases.

By contrast, when administered to monocytes in
combination with LPS, NaSH efficiently blocked
the release of pro-inflammatory cytokines and
counterbalanced the formation of ROS, suggesting
a more anti-inflammatory action. ROS reduction
correlated with an increase in both catalase and SOD
activity, likely linked to the induction of cytoplasmic
Cu-Zn SOD protein, and with a decrease in NADPH
oxidase activity. In the presence of LPS alone, SOD
activity was similarly increased, but catalase activity
remained close to basal levels until later time points,
suggesting an accumulation of HPz which is very
stable and plays key roles in both pathogen killing
and tissue damage (31). STW did not repeat the
above-mentioned results, possibly due to the lower
concentration of S-based compounds reached at the
minimum non-toxic dilution (HzS 0.2 nM, SO4 0.72
nM) in comparison with NaSH 2.5 mM. Despite
this, the finding that STW enhanced the release of
the anti-inflammatory cytokine IL-I0 may similarly
suggest the capacity to induce a shift towards milder
pro-inflammatory conditions.

Notably, an increase of IL-IO was also observed
in saliva of more than half of the patients subjected
to STW treatment, substantiating, at least in part, the
well-known anti-inflammatory properties of thermal
waters. However, the treatment could not revert
the pro-oxidant profile observed in these patients

compared to healthy controls. It may be that this
latter effect, as well as the lack of IL-l 0 increase in
some patients, depends on our experimental protocol,
given that standard therapy foresees at least one cycle
of three 12-day treatments. Furthermore, differences
in the release of anti-inflammatory cytokines may
also be due to the individual responsiveness of each
patient. Taken together, these results suggest that
inflammation can be modulated more promptly in
comparison to a pre-existing pro-oxidant status.
Despite this, we found a positive correlation between
salivary IL-I0 and catalase activity, suggesting the
existence of an antioxidant and anti-inflammatory
trend. Such a correlation has been previously described
in the literature (32). IL-I0 is a well-known anti
inflammatory antioxidant cytokine which has been
described to inhibit the release of ROS in monocytes.
On the contrary, antioxidants were reported to quench
the release of pro-inflammatory mediators by up
regulating IL-l 0 (32).

All in all, our results point to an anti-inflammatory
effect of STW due to the fine tuning of the immune
balance, especially mediated by an increase of the
anti-inflammatory cytokine IL-IO and consequent
regulation of antioxidant enzyme activities.
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