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Abstract
Background. The favorable regenerative effects of some mineral waters on wound healing have long been 
empirically demonstrated.

Objectives. The aim of this experimental study is to investigate the effects of an Italian salso-bromo-iodic 
mineral water (Rivanazzano, Italy) on an in vitro human native fibroblast culture model to identify any 
potential regenerative actions.

Materials and methods. Human native fibroblasts were cultured under different experimental conditions:
−	Dulbecco’s modified Eagle’s medium (DMEM) reconstituted with distilled water (control);
−	DMEM reconstituted with filtered mineral water collected from the spring;
−	DMEM reconstituted with filtered mineral water collected at the balneotherapy facility;
−	DMEM reconstituted with filtered, heated mineral water collected at the balneotherapy facility;
−	DMEM partially replaced with filtered mineral water collected from the spring at different concentrations 

(10%, 20%, 30%, 40%, 50%);
−	DMEM partially replaced with filtered, heated mineral water collected at the balneotherapy facility at dif-

ferent concentrations (10%, 20%, 30%, 40%, 50%);
−	DMEM partially replaced with filtered mineral water collected at the balneotherapy facility at different 

concentrations (10%, 20%, 30%, 40%, 50%).
Cell proliferation and viability were evaluated using spectrophotometric analysis following staining with 

the XTT Microculture Tetrazolium Assay. Statistical analyses were performed for each experimental condi-
tion at 24, 48 and 72 h.

Results. The best outcomes were observed in fibroblasts cultured with DMEM partially replaced with filtered 
mineral water collected from the spring, within the range of 20–50%.

Conclusions. Our research results showed that Rivanazzano salso-bromo-iodic mineral water has a stimulat-
ing effect on in vitro human native fibroblast cultures. This activity was most pronounced with water collected 
from the spring, and it decreased with water collected at the balneotherapy facilities. These findings could 
form the basis for clinical applications in wound healing and balneotherapy.
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Background

Natural mineral water, according to  EU Directive 
2009/54/EC, is defined as “microbiologically wholesome 
water, originating in an underground water table or de-
posit and emerging from a spring at one or more natu-
ral or bore exits”.1,2 The demonstrated effects of natural 
mineral waters on the skin include anti-inflammatory, 
antipruritic and anti-oxidative properties.3–6 Furthermore, 
they improve skin hydration through the repair of the epi-
dermal–dermal barrier.3–6

The favorable regenerative effects of some mineral wa-
ters on wound healing have long been empirically dem-
onstrated.7–11 Our research group previously investigated 
the biological properties of a calcium magnesium bicar-
bonate-based mineral water (Comano, Italy) and demon-
strated the regenerative effect of its native mineral water 
non-pathogenic microflora on experimental in vitro cell 
and ex vivo tissue culture models.12–17

Among the many natural mineral water springs in our 
region, the Rivanazzano (Italy) salso-bromo-iodic natural 
mineral water (Table 1) is noted for its anti-inflammatory 
properties, mucosal antiseptic effects and stimulation 
of  tissue blood circulation, and is  traditionally recom-
mended for the treatment of skin and mucosal inflamma-
tory diseases, capillary fragility, water tissue retention, 
and edematous fibrosclerotic panniculopathy (cellulite). 
This water is also used for the preparation and topical 
skin application of therapeutic anti-inflammatory thermal 
muds.18

We aimed to investigate its biological properties using 
the same experimental methods as  in our previous re-
search on Comano calcium magnesium bicarbonate-based 
natural mineral water.14

Rivanazzano mineral water is delivered from the natural 
spring source to 2 different destinations within the ther-
mal baths via a dedicated pipeline. At the balneotherapy 
facilities, water is kept at the natural spring temperature, 
whereas at the 2nd location, it is heated to 70°C for the prep-
aration of thermal muds.

Objectives

The general aim of this experimental study is to exam-
ine the effects of Rivanazzano salso-bromo-iodic min-
eral water, collected at different sites of the Rivanazzano 
spa resort, on an in vitro human native fibroblast culture 
model.14,16

Two specific aims were investigated:
1)  The effect on native human skin fibroblasts cultured 

in Dulbecco’s modified Eagle’s medium (DMEM) recon-
stituted with salso-bromo-iodic water collected at differ-
ent sites and DMEM reconstituted with distilled water 
(control) after 24, 48 and 72 h was assessed (Experiment 1).

Table 1. Physical-chemical composition of the Rivanazzano salso-bromo-
iodic mineral water

Parameter Value

Temperature at the spring 13.9°C

pH 7.7

Conductivity at 20°C 8,100 μS/cm7

Fixed residue at 180°C 12,400 mg/L

Oxidability 48.0 mg/L (O2)

Silica (SiO2) 50.5 mg/L

Bicarbonates (HCO3) 814 mg/L

Chlorides (Cl) 7,300 mg/L

Sulphates (SO4) 35.7 mg/L

Sodium (Na) 4,490 mg/L

Potassium (K) 24.5 mg/L

Calcium (Ca) 143 mg/L

Magnesium (Mg) 78.5 mg/L

Dissolved iron (Fe) 3.37 mg/L

Ammonium ion (NH4) 22.4 mg/L

Total phosphorus (P) 0.13 mg/L

Sulphide level (H2S) not detectable

Strontium (Sr) 15.8 mg/L

Lithium (Li) 0.417 mg/L

Aluminum (Al) <0.01 mg/L

Bromides (Br) 37.1 mg/L

Iodides (I) 13.9 mg/L

Antimony (Sb) <0.0005 mg/L

Arsenic (As) 0.001 mg/L

Barium (Ba) 3.6 mg/L

Boron (B) 54.1 mg/L

Cadmium (Cd) <0.0001 mg/L

Chromium (Cr) 0.001 mg/L

Copper (Cu) <0.1 mg/L

Cyanides (CN) <0.001 mg/L

Fluorides (F) 1.4 mg/L

Lead (Pb) <0.001 mg/L

Manganese (Mn) 0.06 mg/L

Mercury (Hg) <0.0001 mg/L

Nickel (Ni) <0.001 mg/L

Nitrates (NO3) <1.0 mg/L

Nitrites (NO2) <0.002 mg/L

Selenium (Se) 0.005 mg/L

Anionic surfactant agents <50 μg/L

Mineral oils – dissolved 
or emulsified hydrocarbons

41 μg/L

Benzene <0.1 μg/L

Polycyclic aromatic hydrocarbons not detectable

Organohalogen compounds not detectable

Total hardness 59.6°F
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2)  The effect on native human skin fibroblasts cultured 
in DMEM reconstituted with distilled water and partially 
replaced with different percentages of filtered salso-bromo-
iodic water collected at different sites compared to DMEM 
reconstituted with distilled water (control) after 24, 48 and 
72 h was described (Experiment 2).

Materials and methods

The experimental in vitro study was conducted in coop-
eration with the Plastic and Reconstructive Surgery Unit 
of the Department of Clinical-Surgical, Diagnostic, and 
Pediatric Sciences; the Advanced Technologies for Regen-
erative Medicine and Inductive Surgery Research Cen-
ter; the Immunology and General Pathology Laboratory 
of the Department of Molecular Medicine of the University 
of Pavia (Italy); the Unit of Biostatistics and Clinical Epide-
miology of the Department of Public Health, Experimen-
tal, and Forensic Medicine of the University of Pavia; and 
the Plastic and Reconstructive Surgery Unit, Department 
of Surgery of the Istituti Clinici Scientifici (ICS) Maugeri 
SB SpA IRCCS in Pavia. The experiments were carried out 
from September 2018 to February 2020. The study was 
approved by the Ethics Committee of  the ICS Maugeri 
SB SpA IRCCS in Pavia (project identification code 2064) 
on September 26, 2016. The study conformed to the 1975 
Declaration of Helsinki, and informed written and signed 
consent was obtained from all the patients.

Human skin specimen collection and 
processing

Human skin samples were collected in the operating 
rooms of the ICS Maugeri. The samples were obtained 
from anatomical specimens harvested during reduction 
mammoplasty or  abdominoplasty sessions performed 
on 4 healthy female patients aged 43–60 years. The spec-
imens were processed in the Immunology and General 
Pathology Laboratory of the Department of Molecular 
Medicine of the University of Pavia using the same meth-
ods as in previous studies conducted by our research group 
on other natural mineral waters.14–17,19,20

Mineral water collection

The natural source of Rivanazzano salso-bromo-iodic 
water is connected to the thermal baths by a dedicated pip-
ing system. The mineral water samples were collected from 
December 2019 to February 2020 by a single individual 
using an aseptic procedure. The sample gatherer, wear-
ing sterile surgical gloves, collected 250 mL of the water 
in sterile bottles from 3 sites: the natural spring source; 
the balneotherapy facility in the thermal baths at the end 
of  the  dedicated pipeline where the  water had been 
heated to 70°C (HRWB); and the balneotherapy facility 

in the thermal baths at the end of the dedicated pipeline, 
which preserved the natural spring temperature (RWB). 
The samples were then transported under isothermal con-
ditions (mean temperature 13.2°C) to the Immunology and 
General Pathology Laboratory of the Department of Mo-
lecular Medicine of the University of Pavia.

Fibroblast cell cultures

The human native skin fibroblasts were extracted and 
processed using the same methods as in previous studies.14,16

To reduce potential sources of bias, a cell suspension 
of  human native skin fibroblasts was seeded in  tripli-
cate using a multichannel pipette into 198 wells within 
a 96-multiwell plate at a concentration of 2 × 103 cells per 
well. The cells were maintained in DMEM with 4,500 mg/L 
glucose, 0.584 g/L L-glutamine and 0.11 g/L sodium pyru-
vate (Sigma-Aldrich, St. Louis, USA; Merck KGaA, Darm-
stadt, Germany), reconstituted with distilled water (Milli-
Q, Merck-Millipore, Darmstadt, Germany) and enriched 
with 3.7 g/L sodium bicarbonate, 10% fetal bovine serum 
(FBS) and 1% (10,000 U/mL) penicillin and streptomycin 
(10 mg/mL) (all from Sigma-Aldrich; Merck KGaA). The cul-
tures were incubated in an atmosphere of 95% humidified 
air with 5% CO2 at 37°C for 24 h to allow cell adhesion 
within the wells. After this period, the culture media were 
removed from all wells, and a gentle rinse was performed 
with phosphate-buffered saline (PBS; Sigma-Aldrich; Merck 
KGaA). Each well was then refilled with 100 µL of different 
culture media according to the experimental conditions. 
The culture media were changed on the 2nd day. All samples 
were incubated in an atmosphere of 95% humidified air with 
5% CO2 at 37°C for 24, 48 and 72 h.

The endpoint

Quantification of cell proliferation and viability (end-
point) was evaluated using spectrophotometric analysis 
to measure absorbance at 475 nm after cell staining with 
the XTT Microculture Tetrazolium Assay, using the SPEC-
TROstar® Omega microplate reader (BMG Labtech-Euro-
clone; Pero, Milano, Italy).16,21

Experimental design

The experimental design was based on a previous study 
on human native skin fibroblast in vitro cultures.14 Two 
different experimental plans were implemented to achieve 
the specific aims.

In both experimental plans, 3 wells within a 96-multi-
well plate without cells were filled with 100 µL of DMEM 
to  provide a  baseline “white” absorbance assessment. 
The XTT solution was prepared by mixing 5 mL of XTT 
labeling reagent with 0.1 mL of electron coupling reagent. 
In each well with cells, the medium was removed, and 
a gentle rinse was performed with PBS. After removing 
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the PBS, each well was refilled with 100 µL of DMEM. 
A volume of 50 µL of XTT solution was then added to each 
well and incubated in a humidified atmosphere of 95% air 
with 5% CO2 at 37°C for 4 h.

Spectrophotometric analyses were conducted at 24 and 
48 h after the addition of different culture media, along 
with the  white absorbance assessment. Subsequently, 
at 48 h, the culture media were removed from the 3rd multi-
well. A gentle rinse was performed with PBS, and each well 
was refilled with 100 µL of the specific culture medium 
according to the experimental conditions. The XTT stain-
ing procedure was then repeated at 72 h.

Experiment 1: Human native skin fibroblasts cultured 
with DMEM reconstituted with distilled water (control) 
vs DMEM reconstituted with filtered salso-bromo-iodic 
water collected at different sites at 24, 48 and 72 h

Four different experimental conditions were compared:
A.  DMEM without NaHCO3 with 1.0 g/L D‑glucose re-

constituted with distilled water and enriched with 3.7 g/L 
sodium bicarbonate, 10% FBS and 1% (10,000 U/mL) peni-
cillin and streptomycin (10 mg/mL) (all from Sigma-Al-
drich; Merck KGaA) (control).

B.  DMEM without NaHCO3 with 1.0 g/L D‑glucose re-
constituted with filtered RWS enriched with 3.7 g/L so-
dium bicarbonate, 10% FBS and 1% (10,000 U/mL) penicil-
lin and streptomycin (10 mg/mL) (all from Sigma-Aldrich; 
Merck KGaA).

C.  DMEM without NaHCO3 with 1.0 g/L D‑glucose 
reconstituted with filtered HRWB enriched with 3.7 g/L 
sodium bicarbonate, 10% FBS and 1% (10,000 U/mL) 
penicillin and streptomycin (10 mg/mL) (all from Sigma-
Aldrich; Merck KGaA).

D.  DMEM without NaHCO3 with 1.0 g/L D‑glucose 
reconstituted with filtered RWB enriched with 3.7 g/L so-
dium bicarbonate, 10% FBS and 1% (10,000 U/mL) penicil-
lin and streptomycin (10 mg/mL) (all from Sigma-Aldrich; 
Merck KGaA).

Experiment 2: Human native skin fibroblasts cultured 
with DMEM reconstituted with distilled water (control) 
vs DMEM reconstituted with distilled water and 
partially replaced with different amounts of filtered 
salso-bromo-iodic water collected at different sites 
at 24, 48 and 72 h

A total of 16 different experimental conditions were 
compared:

A.  DMEM without NaHCO3 with 1.0 g/L D‑glucose re-
constituted with distilled water and enriched with 3.7 g/L 
sodium bicarbonate, 10% FBS and 1% (10,000 U/mL) peni-
cillin and streptomycin (10 mg/mL) (all from Sigma-Al-
drich; Merck KGaA) (control).

B.  DMEM without NaHCO3 with 1.0 g/L D‑glucose re-
constituted with distilled water and enriched with 3.7 g/L 
sodium bicarbonate, 10% FBS and 1% (10,000 U/mL) penicil-
lin and streptomycin (10 mg/mL) (all from Sigma-Aldrich; 

Merck KGaA), partially replaced with filtered RWS at 5 dif-
ferent percentages (10%, 20%, 30%, 40%, and 50%).

C.  DMEM without NaHCO3 with 1.0 g/L D‑glucose re-
constituted with distilled water and enriched with 3.7 g/L 
sodium bicarbonate, 10% FBS and 1% (10,000 U/mL) peni-
cillin and streptomycin (10 mg/mL) (all from Sigma-Al-
drich; Merck KGaA), partially replaced with filtered HRWB 
at 5 different percentages (10%, 20%, 30%, 40%, and 50%).

D.  DMEM without NaHCO3 with 1.0 g/L D‑glucose re-
constituted with distilled water and enriched with 3.7 g/L 
sodium bicarbonate, 10% FBS, and 1% (10,000 U/mL) peni-
cillin and streptomycin (10 mg/mL) (all from Sigma-Al-
drich; Merck KGaA), partially replaced with filtered RWB 
at 5 different percentages (10%, 20%, 30%, 40%, and 50%).

Statistical analyses

The quantitative variables were expressed as the mean 
with standard deviation (±SD) in the different experimen-
tal conditions at different times. To examine the effect 
of time and sites of water collection, a 2-way analysis of 
variance (ANOVA) for repeated measures (RM-ANOVA) 
was used after checking the  assumptions. According 
to Verma, if the epsilon of Greenhouse and Geisser (ε-
GG) was more than 0.750, the p-value with the correction 
of Huynh–Feldt (ε-HF) was reported.22

Finally, if the ANOVA proved significant, all compari-
sons among the sites of water collection per time were 
tested using a post hoc test with the Bonferroni approach. 
To describe the effect of different water partial replace-
ment of the cell culture media at different times per site 
of water collection, the average level of absorbance with 
SD was used. The level of statistical significance was set 
at 0.05. All the analyses were made with STATA® v14 
(https://doi.org/10.5281/zenodo.12762630).

Results

Experiment 1: Human native skin fibroblast cultures 
with DMEM reconstituted with distilled water (control) 
vs DMEM reconstituted with filtered salso-bromo-iodic 
water collected at different sites

The evaluation indicated that the normality assumption 
was not met (p < 0.05); however, with ε-HF = 1 it was pos-
sible to consider RM-ANOVA robust to non-normality, 
as reported by Blanca et al.23 The cultures with DMEM 
reconstituted with filtered RWS displayed a slightly higher 
mean absorbance value compared to the controls at all ob-
servation times (Fig. 1, Table 2). The cultures with DMEM 
reconstituted with filtered RWB, in contrast, displayed 
lower absorbance values than the controls at all times. 
The  cultures with DMEM reconstituted with filtered 
HRWB displayed even lower values, with the lowest values 
observed at 24, 48 and 72 h.

https://doi.org/10.5281/zenodo.12762630
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The interaction between time and site of water collec-
tion was not statistically significant (F = 0.56, degrees 
of freedom (df) = 6, p = 0.758). However, both the main 
effects of time and site of water collection were statistically 
significant (F = 3.34, df = 2, p with Huynh–Feldt correc-
tion = 0.038 and F = 16.72, df = 3, p < 0.001, respectively).

More precisely, there was a growing trend in vitality over 
time for DMEM, RWS and RWB. The trend for HRWB 
reached a  plateau at  48  h  and then decreased (Fig. 1). 
The multiple comparisons revealed that, for the main 
effect of time, there was a statistical difference only be-
tween 24 and 72 h (t = 2.57, df = 118, p = 0.033), but not 

for comparisons at 48 h (24 h vs 48 h t = 1.06, df = 118, 
p = 0.874; and 48 h vs 72 h t = 1.51, df = 118, p = 0.397) 
(Table 2). For the main effect of having 2 separate col-
lection sites, there was a  difference only with HRWB 
compared to the other sites of water collection (control 
vs HRWB t = –5.57, df = 88, p < 0.001; RWS vs HRWB 
t = –6.57, df = 88, p < 0.001; RWB vs HRWB t = 4.02, 
df = 88, p = 0.001) (Table 2).

Experiment 2: Human native skin fibroblast cultures 
with DMEM reconstituted with distilled water (control) 
compared to DMEM reconstituted with distilled water 
partially replaced with different amounts of filtered 
salso-bromo-iodic water collected at different sites

The  results of  the  cultures with DMEM compared 
to DMEM partially replaced with filtered salso-bromo-
iodic water collected at different sites are summarized 
in Table 3.

A.  Human native skin fibroblast cultures with DMEM 
reconstituted with distilled water (control) compared 
to DMEM reconstituted with distilled water partially 
replaced with different amounts of filtered salso-bromo-
iodic water collected at the spring

At 24 h, all experimental conditions with Rivanazzano 
mineral water showed a mean absorbance value higher 
than the controls. The absolute highest value was observed 
in the cultures with DMEM partially replaced with 20% 
filtered mineral water collected from the spring.

At 48 h, all experimental conditions with Rivanazzano 
mineral water showed a mean absorbance value higher 
than the controls. The cultures with DMEM partially re-
placed with 20%, 30% and 40% filtered mineral water col-
lected from the spring showed the highest absorbance val-
ues. At 72 h, the cultures with DMEM partially replaced 

Fig. 1. Trend of mean absorbance values in cultures with Dulbecco’s 
modified Eagle’s medium (DMEM) compared to DMEM reconstituted with 
filtered salso-bromo-iodic water collected at different sites

Control – DMEM reconstituted with distilled water; RWS – DMEM 
reconstituted with filtered salso-bromo-iodic water collected from the spring; 
HRWB – DMEM reconstituted with filtered heated salso-bromo-iodic water 
collected at the balneotherapy facility; RWB – DMEM reconstituted with 
filtered salso-bromo-iodic water collected at the balneotherapy facility.

Table 2. Mean absorbance values with standard deviation in the cultures with DMEM reconstituted with distilled water (Control) vs DMEM reconstituted 
with filtered salso-bromo-iodic water collected at different sites and at different times.

Culture 
conditions

Two-way ANOVA p-value

24 h
n = 15

(mean ±SD)

48 h 
n = 15

(mean ±SD)

72 h 
n = 15

(mean ±SD)

Total 
n=45

(mean ±SD)

vs RWS
(B)

vs HRWB
(C)

vs RWB
(D)

Control 0.464 ±0.165 0.523 ±0.155 0.646 ±0.171 0.544 ±0.178 (A) F =16.72, df = 3, p ≤ 0.001

RWS 0.514 ±0.299 0.593 ±0.354 0.694 ±0.411 0.600 ±0.357 (B)

>0.90
A vs B

<0.001
A vs C

0.736
A vs D

HRWB 0.221 ±0.195 0.268 ±0.237 0.215 ±0.231 0.235 ±0.218 
<0.001
B vs C

0.068
B vs D

RWB 0.405 ±0.237 0.424 ±0.260 0.545 ±0.314 0.458 ±0.273 (D)
0.001
C vs D

Total 
n = 60

0.401 ±0.250 (I) 0.452 ±0.282 (II) 0.525 ±0.344 (III)
F 3.34, 
df = 2,

p-value = 0.038

0.874
I vs II

0.033
I vs III

0.397
II vs III

mean ±SD – mean value ± standard deviation; ANOVA – analysis of variance; df – degrees of freedom; control – DMEM reconstituted with distilled water; 
RWS – DMEM reconstituted with filtered salso-bromo-iodic water collected at the spring; HRWB – DMEM reconstituted with filtered heated salso-bromo-
iodic water collected at the balneotherapy facility; RWB – DMEM reconstituted with filtered salso-bromo-iodic water collected at the balneotherapy facility. 
The sphericity was tested according to the Mauchly’s test of sphericity; if there was a violation, the p-value was reported using the Greenhouse–Geisser 
or Huynh-Feldt correction.
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with 20%, 30%, 40%, and 50% filtered salso-bromo-iodic 
water collected from the spring showed higher values 
than the controls. However, the mean absorbance value 
in  the  cultures with DMEM partially replaced with 
10% filtered salso-bromo-iodic water was lower than in 
the controls.

B.  Human native skin fibroblast cultures with DMEM 
reconstituted with distilled water (control) vs DMEM 
reconstituted with distilled water partially replaced 
with different amounts of filtered HRWB

At 24 h, all experimental conditions with filtered HRWB 
showed a mean absorbance value higher than the controls. 
Specifically, the highest absorbance values were found 
in the cultures with DMEM partially replaced with 20% 
and 10% filtered HRWB.

At 48 h, only the cultures with DMEM partially replaced 
with 10% filtered HRWB showed a mean absorbance value 
higher than the controls. All other replacement percent-
ages had absorbance values lower than in the controls.

At 72 h, all experimental conditions with filtered HRWB 
showed a mean absorbance value lower than the controls.

C.  Human native skin fibroblast cultures with DMEM 
reconstituted with distilled water (control) vs DMEM 
reconstituted with distilled water partially replaced 
with different amounts of filtered RWB

At 24 h, all experimental conditions with filtered RWB 
showed a mean absorbance value higher than the controls. 
The highest absorbance values were observed in the cul-
tures with DMEM partially replaced with 20% and 10% 
filtered RWB.

At 48 h, all experimental conditions with filtered RWB 
also showed a mean absorbance value higher than the con-
trols. Within this group, the highest values were observed 
in the cultures with DMEM partially replaced with 10% 
filtered RWB.

At  72  h, the  absorbance values in  the  cultures with 
DMEM partially replaced with 10%, 20%, 30%, and 40% 
filtered RWB were higher than in the controls. Under these 
experimental conditions, the highest values were observed 
in the cultures with DMEM partially replaced with 40% fil-
tered RWB. In the cultures with DMEM partially replaced 
with 50% filtered RWB, the values at 72 h were almost 
equal to those in the controls.

Discussion

Spring water’s connection to life has been relevant in hu-
man history, health, work, culture, and religion since an-
cient times. In Roman culture, the use of mineral water 
was part of everyday life, both for hygienic and cosmetic 
purposes. The therapeutic properties of some mineral wa-
ters on wound healing have long been empirically dem-
onstrated.7–11 These favorable effects are traditionally Ta
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attributed to their chemical-physical composition, unique 
to every spring. Recently, increased evidence has suggested 
that the therapeutic properties of natural mineral waters 
might also be related to  their biological components, 
complementing the chemical-physical ones.24,25 The role 
of some natural mineral waters’ native non-pathogenic 
bacterial microflora and bacterial extracts in actively en-
hancing both cell function and a complex skin regeneration 
process has already been reported.16,26–31 Within this con-
text, the mineral waters’ native microbial population and 
chemical-physical constitution are likely to mutually inter-
act in promoting the water-specific therapeutic effects.32–35

The medically relevant properties of natural mineral 
waters are anti-inflammatory, immune-modulating and re-
generative. Within the wound healing process, an inversely 
proportional relationship between the magnitude of the in-
flammatory reaction and the effectiveness of the prolifera-
tive phase has been presented.36 Topical treatments with 
natural mineral waters have demonstrated favorable effects 
both on skin irritations37 and cutaneous re-structuring 
after aggressive cosmetic skin procedures.38,39

The regenerative properties of calcium magnesium bi-
carbonate-based mineral water have been investigated and 
showed over the last decade by our research group using 
both animal in vivo experimental models and in vitro and 
ex vivo human models.12–17

Our study focused on salso-bromo-iodic natural mineral 
water, whose therapeutic effects have long been empirically 
related to anti-inflammatory, antiseptic and angio-trophic 
properties.18

The mineral water replacement of the cell culture me-
dium, at any percentage, with filtered mineral water al-
lowed for a significant enhancement of fibroblast prolifera-
tion in the cultures with water collected from the spring. 
The strongest stimulation of human native skin fibroblast 
proliferation was found in the cultures with DMEM par-
tially replaced with 40% Rivanazzano salso-bromo-iodic 
natural mineral water collected from the spring. The same 
result was observed with the unheated mineral water col-
lected at the balneotherapy facility, although to a lesser 
degree. The heated mineral water, however, demonstrated 
poor results compared to  both the  replacements with 
the mineral water collected at other sites and the controls, 
except at 24 h with the lower replacement percentages. 
These outcomes might suggest that the favorable effects 
of Rivanazzano mineral water could be related to active 
substances influenced by  environmental factors, such 
as the delivery in the pipeline system and thermal exposure.

The DMEM reconstitution with filtered mineral water 
collected from the spring did not demonstrate a substantial 
advantage in fibroblast proliferation compared to the con-
trols, thus showing only a non-toxic effect.

All these data suggest that the  partial replacement 
of the culture medium with filtered mineral water col-
lected from the spring represents a potentially favorable 
combination for fibroblast in vitro proliferation, although 

the mechanism remains unexplained. Conversely, the re-
constitution of DMEM with the same mineral water col-
lected at the end of the dedicated pipeline in the balneo-
therapy facility showed substantial inhibition of in vitro cell 
proliferation. This effect was even worse with the DMEM 
reconstitution with heated mineral water. These effects 
might be related to cell-inhibiting substances produced 
during water delivery through the  pipeline and, more 
significantly, after thermal conditioning at 70°C. It is un-
known whether the fibroblast proliferation inhibiting ef-
fect was due to catabolites from the biological compo-
nent of the mineral water or to irreversible damage within 
the water’s inorganic composition. However, the general 
picture from our study suggests that in the Rivanazzano 
mineral water collected from the spring, an active role 
in fibroblast proliferation and viability might be played 
by thermolabile, non-pathogenic microbial flora in har-
monious combination with the water’s inorganic substrate.

Limitations

In this study, we deliberately used native skin-derived 
human fibroblasts. This option has both limitations and 
advantages. Only a limited number of replication cycles 
are allowed with these cells. They are far more delicate 
than immortalized cells because they have higher trophic 
requirements and display greater sensitivity to the contact 
inhibition process. Furthermore, they exhibit some incon-
sistency in their functional features according to different 
donors.40 However, native skin-derived human fibroblasts 
can be considered the closest approximation to in vivo ones 
because they share the same morphology, physiology and 
genetic features. Therefore, results from studies on native 
skin-derived human fibroblasts might best approximate 
the condition of fibroblasts in the in vivo context.

The results from this study should be considered just 
a preliminary step in investigating any stimulating effects 
of Rivanazzano salso-bromo-iodic water on human skin 
because fibroblasts represent only a single cell component 
within the complex integrated human skin environment. 
Therefore, we aim to further investigate the cell prolif-
erative stimulating effect of Rivanazzano natural mineral 
water by repeating the same experimental sequence previ-
ously performed on Comano mineral water:

1)  Identification of Rivanazzano mineral water’s native 
non-pathogenic bacterial microflora;

2)  Assessment of the water’s effects on a human ex vivo 
skin experimental wound healing model.

Conclusions

The results from our research demonstrate some favor-
able effects of  Rivanazzano salso-bromo-iodic mineral 
water on in vitro human native skin fibroblast cultures. 
This study could be the first step in exploring the potential 
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regenerative properties of Rivanazzano salso-bromo-iodic 
natural mineral water on human skin, potentially expand-
ing its therapeutic applications to the field of wound healing.
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