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Rayo Aqua device:  Exposure of tap water and its

beneficial effects after addition to cell cultures

1  Background

Based on previous results with the direct effect of the Mini Rayonex on cultured cells, the

present investigation was conducted to examine whether the Rayo Aqua device, based on

the construction of the Mini Rayonex, is able to activate local tap water which might then

provoke positive (= beneficial) cellular effects.

2  Cell culture

Connective tissue fibroblasts (cell line L-929) were used for the experiments. Basic culture

medium was RPMI 1640 supplemented with 10 % growth mixture and standard amounts

of antibiotics. Cells were cultured in an incubator at 37°C in a moist atmosphere of 5% CO2

and 95% air. For the experiments cells were taken from 80-90% confluent mass cultures.

3  Activation of local tap water

100 ml of local tap water was given into a drinking glass which was placed for 100 minutes

on the Rayo Aqua device at room temperature (Fig. 1). Another 100 ml of local tap water

was also given in a similar drinking glass and stored for 100 minutes in the neighbouring

room about 7 meters distance (= untreated tap water). Thereafter, the two water samples

were added separately to the cell cultures in volume fractions ranging up to 40 vol%.

Fig. 1: Exposure of tap water to the Rayo Aqua device for
100  minutes prior to the addition to the cell cultures.
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4  Experimental design

4.1  Cell vitality

Cells were seeded at three different densities (100,000 - 50,000 - 25,000 cells/well) in 96-

well plates and were allowed to attach, spread and stabilize their metabolism for 24 hours.

Then, cells were incubated for another 24 hours with cultured medium containing a volume

fraction of 25 vol% of the water samples. Finally, culture medium was asprirated and re-

placed by a reaction mixture of fresh culture medium containing the water-soluble tetra-

zolium dye XTT (2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide;

Xenometrix, Allschwil; Switzerland). The cleavage of the dye and its color change from

yellow to orange is related to the activity of the cells and was examined with an Elisa-

reader (BioTek ELx 808 with software Gen 5 version 3.00) as a differential measurement

at ∆OD = 450 – 690 nm at definite time points up to 120 min.

4.2  Basal cell metabolism

Cells were seeded at three different densities (100,000 - 50,000 - 25,000 cells/well) in 96-

well plates and were allowed to attach, spread and stabilize their metabolism for 24 hours.

Then, cells were incubated with a reaction mixture containing a mixture (1:1) of culture

medium and phosphate-buffered saline with 10 mM glucose, a  volume fraction of 25 vol%

of the water samples and the water-soluble tetrazolium dye WST-1 (Sigma-Aldrich,

Deisenhofen, Germany). The cleavage of the dye and its color change from red to yellow

is related to the mitochondrial activity and the energy metabolism of the cells (production of

adenosine triphosphate) and was examined with with an Elisareader (BioTek ELx 808 with

software Gen 5 version 3.00) as a differential measurement at ∆OD = 450 – 690 nm at

definite time points up to 120 min.

4.3  Cell regeneration

The granulation phase of a regeneration/wound healing process, which was simulated in

the present in vitro-model, is characterized by the occurrence of migration and proliferation

of cells for closing a tissue defect after injury.

Connective tissue fibroblasts were seeded at a density of 250,000 cells/ml into the

individual compartments of a silicone 4 well-culture insert (ibidi, Gräfelfing, Germany). The

single compartments of the inserts are separated by a 500 μm thick silicone bar with an

outer silicone frame of 700 μm. Due to the special adhesion area, the silicone inserts

adhere firmly to the bottom of a culture dish and form a cell-free area (artificial wound).

After removal of the inserts, the fibroblasts can colonize the cell-free area by migration and

proliferation.

Upon reaching confluency within 48 hours after cell seeding, the silicone frames were

carefully removed with tweezers to achieve a sharp edge of the cell-free area between the

compartments. 25 vol% of tap water with and without exposure to the Rayo Aqua device

was added to the cells in the dishes. Cells were allowed to migrate and proliferate for 24

hours. Finally, cell cultures were examined by micrographs and the residual cell-free area

was calculated by a specialized software with artificial intelligence from KML Vision, Graz,

Austria (IKOSA AI software).
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5  Results

The results showed that the activated water stimulated basal cell metabolism of connective

tissue fibroblasts by 21.3 ± 8.2% and cell vitality by 15.3 ± 4.6% (mean values ± standard

deviation) in direct comparison with untreated tap water as corresponding control.

Moreover, regeneration was strongly stimulated by tap water after treatment with the Rayo

Aqua device compared with untreated tap water as corresponding control (Fig. 2). The re-

sidual cell-free area was 9.9 ± 1.8% of total area for tap water treated with the Rayo Aqua

and 25.7 ± 1.0% for untreated tap water (mean values ± standard deviation). This means

that the cell-free area was more than 2.6x lower for the Rayo Aqua treated tap water.

Fig. 2: Micrographic presentation of the residual cell-free areas in the cell regeneration as-
say with connective tissue fibroblasts. (A) Stimulation of the cell culture with Rayo Aqua
activated tap water vs. corresponding cell cultures with untreated tap water (B). Olympus
IX-50 inverted microscope equipped with an Olympus planachromatic lens 10x. Micro-
graphs were taken with an Olympus E20 digital camera at 5 megapixel resolution at phase
contrast illumination.
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Annotation: The tests presented here were performed as single tests with replicate culture dishes.
For a scientifically and statistically correct statement, the data have to be verified by at least three
independent test repetitions.


