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Preliminary investigation of the effects of Deeside Mineral Water 

on the balance of oxidative stress in cultured human lung cells  

TopoSphere Ltd.  Project Report TS0702-101R

Abbreviated Report

Objective:
To measure the effects of glucose-induced levels of cellular stress in a human alveolar epithelial cell line cultured in media prepared from Deeside Mineral Water in comparison with standard culture medium.  
Summary Findings:
Protection against glucose-induced oxidative stress was observed in cells cultured in

Deeside Water-based media. The results indicate excess glucose-induced oxidative stress levels in cells are substantially neutralised in Deeside Mineral Water. 
20 August 2007
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Background

The present study was commissioned by Deeside Water Company to determine the potential effects of Deeside Mineral Water to modulate the level of oxidative stress in human cells. The study was motivated by a history of observations of health benefits invested in this water, drawn from the Pannanich Wells in Scotland and the results of prior scientific studies which underpin those health benefits and which include preliminary evidence for the presence of factors capable of reducing the production of harmful free radicals. 

Study Design
Oxidative stress is implicated in the degenerative aspects of the progression of ageing, inflammatory disease, cancer, diabetes and cardiovascular disorders, among others.
The study was focussed on measuring oxidative stress in human cells using a fluorescence-based assay of the ratio of a major natural antioxidant, reduced glutathione (GSH) to oxidised glutathione (GSSG), which affords a measure of intracellular stress.
The most important natural antioxidant in most mammalian cells is glutathione (GSH) Reduced glutathione protects the body by reducing free radicals. Oxidised glutathione (GSSG) is then recycled under the action of glutathione reductase and NADPH to GSH.
Excessive oxidative stress induced by hyperglycaemic conditions of excess glucose disturbs the balance, affording a decreased GSH/GSSG ratio. 
Human A549 alveolar epithelial Type II-like lung cells were stressed using 3 different concentrations of glucose, (giving a number of repetitions of the experiment), between 20 and 30 millimolar (mM), approximately 3.5 to 5.5-fold greater than normal physiological levels (5.5 mM), or cells were maintained at physiological glucose levels (controls).  Test samples were cells from Deeside Water-based de novo media cultures (sourced on two different dates). Experiments were performed in duplicate for each test sample and compared with cell samples from standard medium (maintained at 5.5 mM Glucose), 
Standard Operating Procedures, Methods and Materials used in these experiments (available in detailed form) are omitted from this abbreviated report for reasons of brevity. 
Results

Evaluation of the effects of Deeside Water (DW) samples on glucose-induced oxidative stress levels in cultures of the A549 human alveolar epithelial Type II-like lung cell line.

GSH/GSSG Ratios (by OPA fluorescence assay).
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Ratio of GSH/GSSG in cell populations cultured in the presence of differing amounts of glucose in either (standard) tissue culture medium (Med) or media prepared using DW samples. [Measurements were recorded at day 8]. Sample codes: DW1 (23.04.07); DW2 (25.05.07)
Notes

Glu(cose) concentration:

Experiment 1 – Glu concentration 30 mM (lane 1)

Experiment 2 – Glu concentration 25 mM (lane 1)

Experiment 3 – Glu concentration 20 mM (lane 1)

Experiments 1, 2 and 3 - Glu 5.5 mM (~ physiological value) lane 2 in each set.
Experiments 1, 2 and 3 – Sample DW1A + DW1B (duplicates); Lanes 3 and 4 
Experiments 1, 2 and 3 – Sample DW2A + DW2B (duplicates); Lanes 5 and 6

In standard culture medium, increasing oxidative stress was observed with increasing glucose concentration, as indicated by the low GSH to GSSG ratios. In medium prepared from DW water, for both the DW1 and DW2 samples, notably less oxidative stress occurred as shown by the higher GSH/GSSG ratios (lanes 3, 4, 5 and 6 in each of the triplicate experiments). In the DW test samples, GSH/GSSG ratios were restored to values approaching those determined at physiological glucose, (expected normal levels, lane 2).   This was statistically significant and represented a large reduction in oxidative stress levels.
Discussion
Oxidative stress occurs in a cellular system when free radical production exceeds the antioxidant capacity of that system. Failure to remove free radicals results in damage to lipids, proteins and DNA. Damage to these vital cell molecules causes impaired biological function, loss of energy metabolism, impaired cell signalling and may instigate cell death mechanisms. The most important endogenous antioxidant in most mammalian cells is glutathione, which was measured in this study. 
The results indicate excess glucose-induced oxidative stress levels in cells are substantially neutralised in the Deeside Mineral Water samples. The preliminary data suggests Deeside Mineral Water may be able to protect cells or delay cells in part from developing oxidative stress and are consistent with earlier research, including the 2005 study at Robert Gordon University, which found DW slowed the production of free radicals by 60%.
The results indicate that Deeside Mineral Water may help reduce the harmful effects of free radicals, which form part of the ageing and disease process and further experimentation would be useful to investigate this further.  
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