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Report on the potential anticancerogenic activity of Deeside Mineral Water
Background - The Department of Biochemistry at the Medical Faculty of the University of Maribor, Slovenia carried out research on one sample of Deeside Mineral Water. We performed analyses in cell cultures and measured the anti-tumorigenic potential of the water in several cancerogenic cell lines and one normal human cell line. We investigated the cytotoxic and antiproliferative effect of Deeside Water in comparison to the control, laboratory-grade water. 

Methods -  A number of carcinoma cell lines were used in the experiments :

HeLa – a cell line of cervical carcinoma, Skin melanoma, CaCo-2 - colon adenocarcinoma, AGS - gastric adenocarinoma and C3A – liver carcinoma.  A healthy, cancer free control cell line was also used for comparison: H4 - human foetal small intestinal cell line.

All cell lines were grown at concentration in DMEM advanced medium containing FCS (10% vol/vol), penicillin (100 units/ml), streptomycin (0.1 mg/ml) and incubated at 37°C in an atmosphere of humidified air (95%) and CO2 (5%).
Growth Inhibition Test (Antiproliferation)

The antiproliferative effect (ability to stop cell reproduction or multiplication) of the water samples was measured. The experiment was set up in well plates, with quadruplicates of 5 wells, each containing 10 cells per well, in DMEM advanced medium prepared with the tested waters, containing FCS (10% vol/vol), penicillin (100 units/ml), and streptomycin (0.1 mg/ml) was added and incubated for 10 days at 37°C in an atmosphere of humidified air (95%) and CO2 (5%). The plates were then stained with Crystal Violet in ethanol, rinsed with water, and destained with 10% (v/v) acetic acid.  Colonies appeared in each of the wells and were counted.  The results were expressed, by the relative mean ratios ( ± SD).
Results

The results show Deeside Mineral Water inhibits the growth of the Caco-2 cancer cell line in comparison to the control water by 62,5% (Table 1), while a positive effect on the growth of normal cells (H4) was observed when they were incubated with Deeside Water (Table 2).

Table 1 



  
  Table 2
Rate of CaCo-2 cell survival after

      Rate of H4 cell survival after
treatment with Deeside Water as

   treatment with Deeside Water as
  
    compared to the control (%)

       compared to the control (%)
     Deeside Water 
 37.5%


Deeside Water
103%
     Control Water
100%



Control Water
100%
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Similar results were additionally obtained by the Colony Counting method where separate colonies in each well were counted before staining with Crystal Violet
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Cytotoxicity Test

Cytotoxic substances are directly toxic to cells by killing them.  A test to measure the cytotoxic effects of Deeside Water on different cancer cells was performed using the same method as for the growth inhibition test, except that the starting number of cells was  6 x 106 per P96 plate and only the A590 was measured. The number of living cells was measured after 48 hours incubation and was compared to the starting number of cells, to assess the level of cell survival.  The results are expressed as percentage (mean + standard deviation) of cell survival, as compared to the control cells (0%).

Results

The results below indicate that Deeside Mineral Water has cytotoxic ability as shown in reduced survival of carcinoma cell lines: C3A cells by 35%, Hela cells by 21%, Skin melanoma by 6,5% and Caco-2 by 3% in comparison to the same cells incubated in DMEM advance medium (0%; control) that does not have cytotoxic effect on the cells (Table 3).  It has no cytotoxic effect on AGS (results not shown).
However, cytotoxic effect was not observed for human normal intestinal cell line H4 as their growth was even increased by 3%. Deeside Water in this case did not harm the healthy cells furthermore it had a positive effect on the growth of these cells in comparison to the control.

Table 3
Cytotoxicity of Deeside Water on 

Cancer and normal cell lines

CaCo-2

  3.0%

Skin Melanoma
  6.5%

HeLa


21.0%

C3A


35.0%

H4


- 3.0%  (Growth)
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Cell vitality assay (MTT – test) 
The MTT test can be used to measure the metabolic activity of the carcinogenic and noncarcenogenic cells and served as an index of living cells. MTT test was carried out as previously described (Bergamini and co., 1992). Briefly, after 48 hours incubation of cell monolayers (6 x 106 cells/plate) with medium prepared with Deeside Water at 37°C in atmosphere of 5% CO2, cell monolayers were washed and wells replenished with 200μl of fresh complete medium. 20 μl of a solution of MTT in PBS were added to each well and the plates were further incubated at 37°C in a CO2 incubator for 75 min. Solubilization of the formazan crystals was achieved by aspiration of 220 μl of supernatant followed by addition of 100 μl 0,004% HCl in isopropanol. The absorbance (OD) at 650 nm was measured using microplate reader (Multiscan).  The results were expressed, by the mean ratios (%, ± SD) of absorbance in the test wells (Deeside) compared to those in the control wells.

Results

Deeside Mineral Water increased metabolic activity of normal intestinal cell line H4 by 80%, while metabolic activity of carcinoma cell lines was decreased by 5% for skin melanoma, by 29% for gastric adenocarcinoma, by 26% for liver carcinoma and up to 75% for HeLa cells (human cervical cancer) (Table 4).  Metabolic activity increased for Caco-2 cell line, (not shown) probably because these cells were under stress, as shown in earlier results.
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Conclusion
The results of the analyses indicate Deeside Mineral Water has the potential to inhibit growth in colon adenocarcinoma cell line and that it has cytotoxic effects on several other cancer cell lines.  Inhibition of growth was not observed in human foetal small intestinal cell line H4, showing in vitro that Deeside Mineral Water may act selectively on the carcinogenic cells of the gastrointestinal tract without harming healthy cells. Furthermore, growth and metabolic activity of those healthy cells were increased after incubation in Deeside Mineral Water showing a potential positive impact on the development and integrity of the human intestinal tract of children.   
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