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The central question of this work is whether a natural mineral water, considered not only as a 
hydration product but as a complex ionic matrix, can influence cellular processes relevant to tissue 
homeostasis, oxidative balance, inflammation, and extracellular matrix remodeling.

The study focuses on human fibroblasts, because these cells represent one of the most relevant 
stromal models for connective tissue biology. Fibroblasts are not passive structural cells; they are 
active regulators of extracellular matrix synthesis, wound healing, tissue repair, local inflammatory 
signaling, and adaptive responses to oxidative stress.

The mineral water evaluated in this work is CARPATINA Light, originating from the ISLGC Tosorog 
source, located in the volcanic region of the Eastern Carpathians. Its hydrochemical profile is 
characterized by a bicarbonate, calcium, and magnesium composition, making it biologically 
interesting from the perspective of cellular homeostasis and preventive medicine.

The overall objective of this presentation is to show how a traditional natural therapeutic factor can 
be translated into a modern experimental framework, using controlled cell culture conditions and 
measurable biological endpoints.

 Introduction



Mineral waters have traditionally been discussed in the context of balneology, spa 
medicine, hydration, digestive physiology, and mineral supplementation. 
However, modern biomedical research increasingly requires that such natural 
therapeutic resources be investigated through reproducible experimental models.

A mineral water is not simply water with dissolved salts. It is a natural 
physicochemical system, defined by its geological origin, ionic composition, pH, 
conductivity, dissolved gases, trace elements, and microbiological purity. These 
parameters may influence biological systems through several mechanisms: ionic 
signaling, acid-base buffering, modulation of oxidative stress, membrane-
associated processes, and cell-matrix interactions.

Scientific Background: Why Study 
Mineral Waters at the Cellular Level?



From a cellular biology perspective, this is particularly relevant because the 
extracellular environment is one of the most important regulators of cell behavior. 
Cells continuously sense changes in ion concentration, osmolarity, pH, matrix 
stiffness, oxidative state, and inflammatory mediators. Therefore, if a mineral 
water has a distinctive and stable composition, it is reasonable to ask whether that 
composition can generate measurable biological effects in vitro.

This study approaches mineral water as a bioactive extracellular modifier, not in 
the pharmacological sense of a single active molecule, but as a complex matrix 
that may modulate cell function through combined mineral and physicochemical 
effects.

Scientific Background: Why Study 
Mineral Waters at the Cellular Level?





Why Human Fibroblasts?

Fibroblasts are essential cells of connective tissues. They synthesize and remodel the extracellular 
matrix, including collagen, elastin, fibronectin, proteoglycans, and other structural and regulatory 
molecules. They are also involved in wound healing, scar formation, tissue regeneration, and 
chronic inflammatory processes.

Importantly, fibroblasts are highly sensitive to changes in the extracellular environment. Their 
phenotype can change in response to oxidative stress, cytokines, altered pH, mechanical signals, 
calcium-dependent signaling, magnesium availability, and metabolic stress.

This makes fibroblasts particularly suitable for studying the biological effects of mineral waters. If 
the mineral water affects viability, proliferation, redox balance, or collagen production, fibroblasts 
are likely to provide a sensitive and biologically meaningful readout.

The model is also translationally relevant. Fibroblast dysfunction contributes to aging, chronic 
inflammation, impaired wound healing, fibrosis, degenerative connective tissue disease, and 
altered tissue repair. Therefore, identifying natural factors that may support fibroblast homeostasis 
is relevant for preventive, regenerative, and rehabilitation medicine.



Water Characterization: CARPATINA Light

Before discussing the cell culture experiment, it is essential to define the mineral 
water itself.

The analyzed water, CARPATINA Light, has a hydrochemical profile typical of a 
bicarbonate calcium-magnesium mineral water with moderate to relatively high 
mineralization.

The main analytical parameters reported were:

Calcium: approximately 199.9 mg/L
Magnesium: approximately 90.2 mg/L
Bicarbonate: approximately 1098 mg/L
Free carbon dioxide: approximately 1.01 g/L in the analyzed period
Conductivity: approximately 1561 µS/cm at 20°C

This composition is biologically relevant for several reasons.



Water Characterization: CARPATINA Light

Calcium is a major extracellular signaling ion and a structural mineral involved in bone and 
connective tissue physiology. Magnesium is a cofactor for numerous enzymatic reactions, 
including ATP-dependent processes, redox regulation, and membrane stability. 
Bicarbonate is a physiological buffer and may influence acid-base balance, extracellular 
pH, and indirectly oxidative and inflammatory processes.

Another important point is the chemical safety profile. The report indicates low nitrate 
values, nitrites below quantification limits, and very low iron values. Low iron is relevant 
because excess free iron can participate in pro-oxidant chemistry through redox cycling. 
Microbiological analyses also indicated absence of major contamination indicators, 
including E. coli, coliform bacteria, enterococci, and Pseudomonas aeruginosa.

Thus, the tested water is not only mineral-rich, but also chemically and microbiologically 
appropriate for controlled biological evaluation.





Study Hypothesis and Objectives
The first hypothesis was that, at moderate dilutions, the mineral water would 
maintain or slightly improve fibroblast viability and metabolic activity, without 
inducing cytotoxicity.

The second hypothesis was that the water could modulate redox and 
inflammatory pathways, potentially decreasing reactive oxygen species and 
improving antioxidant balance.

The third hypothesis was that the effects would be dose-dependent and 
possibly hormetic. In other words, low or intermediate concentrations could be 
beneficial, whereas very high concentrations might lose this benefit or produce 
mild inhibitory effects because of excessive perturbation of the culture medium.

The specific objectives were:

First, to evaluate fibroblast viability after exposure to mineral water dilutions.

Second, to assess oxidative stress using reactive oxygen species as a functional 
readout.

Third, to establish an experimental framework for future molecular analyses, 
including inflammatory markers such as IL-6 and TNF-alpha, redox regulators 
such as NRF2 and SIRT1, and extracellular matrix-associated genes such as 
COL1A1 and TGF-beta.



Advanced studies at the cellular and molecular level

Cellular and molecular studies allow the 
evaluation of changes in cellular 
morphology, protein synthesis, secretion of 
certain substances, modification of cellular 
metabolism, interaction of cellular receptors 
with various chemical signals from the 
environment, cell division and other 
physiological processes under the direct 
influence of natural therapeutic factors 
introduced into the cell culture medium.



The experimental model consisted of human fibroblasts 
cultured under standard laboratory conditions. Cells were 
maintained at 37°C, in a humidified atmosphere containing 
5% CO₂, using a standard complete culture medium, such as 
DMEM supplemented with fetal bovine serum and antibiotics.
A key methodological point concerns dilution. Mineral water 
cannot simply replace cell culture medium without 
consequences, because high replacement volumes may 
modify nutrient availability, pH, osmolarity, buffering 
capacity, and serum concentration. Therefore, the 
biologically meaningful approach is to test controlled 
dilutions and interpret the results as the combined effect of 
mineral exposure and medium modification.
The report includes both a mechanistic working range, such 
as 5%, 10%, and 15% v/v, and broader exploratory dose-
response curves extending up to higher concentrations. This 
broader screening is useful for identifying the shape of the 
response curve, whereas lower and intermediate dilutions 
are more appropriate for mechanistic interpretation.
The main exposure times were 24, 48, and 72 hours, 
depending on the endpoint. Viability and proliferation can 
be monitored over time, whereas redox assays are often 
more informative at earlier time points.



Wistar rat pups (aged 5-9 days) and the related research infrastructure used experimentally (study setup)











Several biological endpoints were selected.
The first endpoint was cell viability, assessed by the MTT assay. MTT is based on 
the capacity of metabolically active cells to reduce tetrazolium salts to formazan, 
which can be quantified spectrophotometrically. Although MTT is commonly 
interpreted as viability, it is important to remember that it also reflects 
mitochondrial metabolic activity.
The second endpoint was oxidative stress, assessed through reactive oxygen 
species measurement, using a DCFDA-type approach. Reactive oxygen species 
are not always harmful; at physiological levels, they are signaling molecules. 
However, excessive ROS generation can damage lipids, proteins, and DNA.
Additional proposed analyses include ELISA measurements for inflammatory 
mediators, such as IL-6 and TNF-alpha, and Western blot or gene expression 
analyses for signaling proteins involved in stress response, survival, and matrix 
biology.



Viability Results
The first major result concerns fibroblast viability.

The MTT data indicate that fibroblast viability remained comparable to, or 
slightly above, the control in the moderate concentration range. In the 
exploratory dose-response curve, the maximal effect was observed around 25% 
mineral water, where MTT signal reached approximately 108% of control.

This suggests that moderate exposure did not produce cytotoxicity and may have 
slightly increased mitochondrial metabolic activity or viable cell number.

At higher concentrations, particularly between 75% and 100%, the MTT signal 
progressively decreased. At 100%, viability was approximately 92% of control. 
This does not indicate severe cytotoxicity, but it does suggest that high 
replacement of culture medium by mineral water may become mildly inhibitory.

Biologically, this pattern is important. It suggests a non-linear response, 
consistent with the concept of hormesis. Moderate exposure may support 
cellular metabolism, whereas excessive exposure may disturb the optimized 
culture environment.

Therefore, the viability data support the first hypothesis: CARPATINA Light, at 
moderate dilutions, is compatible with fibroblast survival and does not induce 
major cytotoxic effects under the experimental conditions used.



Oxidative Stress Results
The next endpoint was oxidative stress, evaluated through ROS levels.

The results suggest a reduction in ROS under several mineral water exposure conditions. 
In the exploratory curve, ROS decreased from the control level of approximately 100% 
to lower values at intermediate concentrations, reaching the lowest observed value of 
approximately 90% around 50% mineral water.

At higher concentrations, the ROS values increased again, approaching control levels. 
This is again compatible with a non-linear, dose-dependent response.

The interpretation is that the mineral water may contribute to a moderate reduction in 
oxidative pressure, especially at intermediate concentrations. Several mechanisms could 
be involved.

Magnesium may influence mitochondrial function, ATP-dependent processes, and 
redox-sensitive signaling. Bicarbonate may contribute to extracellular buffering and 
indirectly influence cellular oxidative balance. Calcium may participate in intracellular 
signaling, although excessive calcium shifts could also become stressful if not controlled.

It is important not to overinterpret this result. ROS reduction alone does not prove 
antioxidant therapy, and the DCFDA assay has known limitations. However, as part of an 
integrated dataset, the reduction in ROS is consistent with a possible cytoprotective 
effect.



Proliferation
From a tissue biology perspective, moderate stimulation 
of fibroblast proliferation may be relevant to tissue 
repair and regeneration. However, this must be 
interpreted carefully. Increased fibroblast proliferation 
can be beneficial in wound healing and matrix repair, 
but excessive or uncontrolled fibroblast activation may 
contribute to fibrosis. Therefore, the ideal biological 
effect would not be maximal proliferation, but 
controlled support of fibroblast function under 
homeostatic or mildly stressed conditions.



Mechanistic Interpretation
The integrated interpretation is that the effects of mineral water on fibroblasts are probably not 
mediated by a single component. Instead, they likely reflect the combined action of calcium, magnesium, 
bicarbonate, dissolved carbon dioxide, conductivity, osmotic conditions, and pH-related effects.

Calcium can influence intracellular signaling, adhesion, cytoskeletal organization, and extracellular 
matrix-related processes.

Magnesium is particularly important for ATP-dependent enzymatic reactions, mitochondrial stability, 
kinase signaling, membrane excitability, and inflammatory regulation. Magnesium deficiency is often 
associated with increased inflammatory tone and oxidative stress, so its presence in biologically relevant 
concentrations may contribute to cytoprotective effects.

Bicarbonate can influence acid-base balance and extracellular buffering. In cell culture, pH regulation is 
especially important, because fibroblast function is sensitive to both intracellular and extracellular pH 
shifts.

The proposed molecular framework includes modulation of redox-sensitive pathways such as NRF2, 
stress adaptation pathways such as SIRT1, inflammatory mediators such as IL-6 and TNF-alpha, and 
matrix remodeling pathways involving COL1A1 and TGF-beta.

The working model is therefore the following: moderate mineral water exposure modifies the 
extracellular ionic environment in a way that supports fibroblast metabolic activity, reduces oxidative 
pressure, improves glutathione redox balance, and modestly supports proliferative behavior. Excessive 
replacement of culture medium, however, may reduce these benefits because it disturbs optimal culture 
conditions.



Translational Significance
What is the translational significance of these findings?

First, the study provides a modern experimental rationale for evaluating 
mineral waters beyond traditional descriptive balneology. Instead of 
relying only on historical therapeutic indications, we can test cellular 
mechanisms under controlled laboratory conditions.

Second, the results are compatible with the idea that certain mineral 
waters may support biological processes relevant to recovery medicine, 
tissue maintenance, and preventive health.

Third, the study links the hydrochemical profile of the water to 
measurable cellular outcomes. This is important because mineral waters 
are heterogeneous. Two waters may both be called “mineral water,” but 
their biological effects may differ substantially depending on calcium, 
magnesium, bicarbonate, sodium, iron, trace elements, pH, dissolved 
gases, and total mineralization.

Fourth, the findings suggest that CARPATINA Light may be positioned as 
a bicarbonate calcium-magnesium water with potential relevance for 
mineral intake, redox homeostasis, and low-grade inflammation models.

However, this must be stated cautiously. In vitro data do not establish 
clinical efficacy. They provide mechanistic plausibility and generate 
hypotheses for subsequent translational studies.



Limitations
Several limitations must be acknowledged.

The first limitation is intrinsic to the in vitro model. Fibroblasts cultured in a plate do 
not reproduce systemic digestion, intestinal absorption, renal regulation, endocrine 
control, immune interactions, or tissue-level pharmacokinetics. Therefore, these 
findings cannot be directly extrapolated to whole-body effects.

The second limitation is the influence of medium dilution. When mineral water is 
added to culture medium, it changes not only mineral exposure but also nutrient 
concentration, serum concentration, osmolarity, pH, and buffering conditions. This is 
why water-control dilutions and rigorous pH/osmolality measurements are essential.

The third limitation concerns statistical confirmation. The observed patterns are 
biologically coherent, but future studies should include sufficient biological replicates, 
technical replicates, predefined statistical analysis, and independent repetition.

The fourth limitation is mechanistic specificity. At this stage, the results suggest redox 
and proliferative modulation, but they do not yet prove which signaling pathways are 
responsible. Future work should include gene expression, Western blot, ELISA, 
immunofluorescence, and possibly transcriptomic profiling.

Finally, collagen and extracellular matrix responses require careful interpretation. 
Collagen production should be normalized to cell number and evaluated together with 
matrix degradation markers, because tissue remodeling depends on the balance 
between synthesis and degradation.



Conclusions
In conclusion, this study supports the scientific relevance of evaluating natural mineral waters using modern in vitro cellular 
models.

The tested mineral water, CARPATINA Light, presents a bicarbonate calcium-magnesium profile, with substantial levels of calcium, 
magnesium, and bicarbonate, low levels of undesirable chemical indicators, and microbiological purity.

In human fibroblasts, moderate exposure to this mineral water was compatible with cell viability and was associated with a slight 
increase in metabolic activity. The strongest viability response was observed at intermediate concentration, with approximately 
108% of control in the exploratory dose-response curve.

The redox data suggest a possible cytoprotective profile, with reduced ROS levels and an increased GSH/GSSG ratio under selected 
exposure conditions.

The proliferation data also indicate a moderate increase in BrdU incorporation at intermediate concentrations, suggesting that the 
water may influence fibroblast behavior relevant to tissue repair.

Overall, the results point toward a dose-dependent and potentially hormetic biological effect: moderate concentrations appear 
favorable, whereas very high concentrations are less beneficial, probably because of excessive alteration of the culture 
environment.

The study therefore provides a mechanistic bridge between traditional balneological knowledge and contemporary experimental 
biology. It does not claim clinical efficacy by itself, but it offers a rational experimental platform for future research.

The next steps should include standardized dilution controls, pH and osmolality documentation, inflammatory stimulation models, 
molecular markers of redox regulation, collagen and extracellular matrix quantification, and eventually translational validation in 
more complex biological systems.



• The experimental study demonstrates that exposure of human fibroblasts to natural mineral water 
CARPATINA – Light assortment with calcium-magnesium bicarbonate composition can influence relevant 
cellular biological processes, including redox homeostasis, cell proliferation and extracellular matrix 
remodeling. These results support the potential of using natural mineral waters as functional nutritional 
vectors in modern prevention and health strategies.

• Mineral ions can influence biological processes by: regulating ion channels, modifying membrane potential, 
activating transcription factors, modulating energy metabolism. These mechanisms can contribute to 
maintaining physiological homeostasis and preventing pathological processes associated with oxidative 
stress and chronic inflammation.

• Integrated analysis of physicochemical, microbiological and biological data indicates that natural mineral 
water CARPATINA – Light assortment presents a stable hydro-chemical profile, characterized by high 
concentrations of bicarbonate, calcium and magnesium and by the absence of microbiological 
contamination or toxic elements.

• The analyzed data support the fact that the gastrointestinal mechanisms associated with CARPATINA 
bicarbonate waters – Light assortment have an important physiological and functional relevance, especially 
through the buffering effect of gastric acidity and by stimulating alkaline digestive secretions. 

• At the gastric level, the bicarbonate ion contributes to the neutralization of excess protons, with the 
formation of carbonic acid and subsequent decomposition into carbon dioxide and water, which 
determines the reduction of postprandial acidity and the temporary increase of intragastric pH. This effect 
can reduce acid aggression on the gastric mucosa, reduce the stimulation of nociceptors and favor the 
improvement of symptoms of functional dyspepsia.In parallel, at the duodeno-pancreato-biliary level, 
bicarbonate waters can support alkaline pancreatic secretion, facilitate lipid digestion and favorably 
influence intestinal motility. 



“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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