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Objective(s)
To assess the effects of Deeside Water, in the TCS Human Angiogenesis Kit (AngioKit) 

Summary
Growth stimulation was shown in all wells in media made using Deeside Mineral Water compared to media made with conventional water. There is the potential for Deeside Mineral Water to be used as a repair and rejuvenating product for human skin.

Introduction

There is evidence that water sourced from Pannanich Wells in Scotland has direct beneficial health effects.  In order to investigate these effects Deeside Water Co. has requested an investigation into the effects of Deeside Mineral Water on the process of angiogenesis in normal human primary cells. 

Angiogenesis is the process whereby new capillaries grow from pre-existing vessels characterized by expansion of the endothelium (first layer of internal cells) by cell multiplication, followed by migration and remodelling. Angiogenesis is a dynamic multi-step process, that is currently the focus of intense interest, because of the role it plays in numerous physiological and pathological processes including wound healing, the development of collateral circulation, formation of tubule-like skin structures and initiation of blood flow. 

The TCS CellWorks AngioKit is the first human cell model system that permits quantitative evaluation of inhibitors and stimulators of angiogenesis. The AngioKit provides a model in which human endothelial cell-derived tubules develop slowly over a time course permitting the evaluation of both potential angiogenesis inhibitors and activators. The model generates a branching network of endothelial cell-derived tubules, which resembles a capillary bed, similar to that found in skin.  The endothelial cells initially form small islands within the culture matrix. They subsequently begin to proliferate, and then enter a migratory phase during which they move to form threadlike tubule structures. These gradually join up (by 9-11days) to form a network of tubules, which closely resembles the skin capillary bed and also secrete a matrix containing type IV collagen.

The AngioKit assay is responsive to known inhibitors and stimulators of angiogenesis and so, unlike some other models, measures both positive and negative effects on angiogenesis permitting comparison of different treatment regimes and product concentrations. 

Methods

The medium used in the TCS AngioKit is manufactured from a premixed powder containing amino acids, vitamins, minerals and other additives. It is reconstituted in cell culture grade water (Hyclone, Water for Injection).  In this experiment AngioKit growth medium was manufactured using either Hyclone water (SW) or Deeside Water (DW)

Treatments

1. DW VEGF; AngioKit growth medium manufactured using Deeside Water and 2ng/mL recombinant human VEGF.   (VEGF will stimulate growth to give much higher results – used as a control)
2. DW Control; AngioKit growth medium manufactured using Deeside Water with no additives
3. DW Suramin; AngioKit growth medium manufactured using Deeside Water and 20uM Suramin (Suramin will slow growth to give much lower results – used as a control)
4. SW VEGF; AngioKit growth medium manufactured using Hyclone water and 2ng/mL recombinant human VEGF.   (VEGF will stimulate growth to give much higher results – used as a control)
5. SW Control; AngioKit growth medium manufactured using Hyclone water

6. SW Suramin; AngioKit growth medium manufactured using Hyclone water and 20uM Suramin.

 (Suramin will slow growth to give much lower results – used as a control)
All test samples were made up to their final concentration at the beginning of the test period and stored at 4C until used.  Before addition to the AngioKit, test and control media were equilibrated to 37C, 5% CO2. The AngioKit was prepared according to TCS Cellworks SOP 110.  Briefly, 24 well plates were seeded with cells on day 0 and medium was changed on days 3, 4, 7, 10 and 12 in accordance with the standard procedure. 

Test and control compounds at the appropriate dilutions were included in the medium changes on days 4, 7, 10 and 12 in quadruplicate.   The AngioKit was fixed and stained on day 14, using the CD31 ELISA Staining Kit according to the standard procedure.

The AngioKit (ZHA-1000) is supplied as growing cultures at the earliest stages of tubule formation in a 24 well plate format. It is designed so that test compounds, conditioned media or tissue explants can be added to the cultures within individual wells. The resulting effect on tubule formation can then be measured.

In the experiment, control wells that received no treatment other than medium changes formed extensive networks of branching tubules over a period of 10-12 days. This allowed both angiogenic inhibitors (suramin) and angiogenic stimulators (VEGF) to be assessed.  Results are shown and these results were confirmed by visual inspection following staining with the permanent BCIP stain and replication of the entire experiment.
Results
Use of Deeside Water to formulate the AngioKit Optimised medium led to a stimulation of tubule formation under all measured conditions.  Deeside Water increased tubule formation by an average of 20%  +/- 6 % compared to the use of cell culture water for injection (SW). This effect was statistically significant. 

	
	Deeside Water (DW)
	Standard Cell Culture Grade Water  (SW)

	
	VEGF
	CON
	Suramin
	VEGF
	CON
	Suramin

	Mean
	1.34
	0.97
	0.77
	1.12
	0.85
	0.61

	SD
	0.09
	0.1
	0.03
	0.04
	0.06
	0.03

	% increase over SW
	120
	114
	126
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Discussion

Cellular malfunction becomes generally collective as we age and this gradual effect can lead to progressive malfunction in skin and other organs.  The microvasculature gradually begins to break down due to intermittent blockages, breakages etc., and this reduction in small vessels has a large impact in speeding up the aging process, because supply of essential nutrients such as, amino acids, essential fatty acids, proteins, protective antioxidants, oxygen and so on is reduced.  In turn, this reduces the cells’ ability to function and the ability of the skin to perform its various maintenance, protective, immune and reparative processes.  In order to achieve rejuvenation benefits, attention must therefore be given to maintenance and repair of the dermal microvascular system.   Deeside Water seems to improve this process by increasing growth of the tubules, which feed nutrients to the skin surface by 20%. 
As described previously, angiogenesis is the process by which the body can rebuild its vascular system.  Within the skin, one of the ways that this process is stimulated is whenever the skin is bruised, cut or incurs damage to its vascular system.  The major components that stimulate rebuilding of the dermal vascular system are tissue factor and vascular endothelial growth factor (VEGF). These compounds are produced in the skin as a natural result of injury.   It has been shown both in vitro and in vivo that induction of VEGF expression in human keratinocytes (skin cells) is subject to REDOX control in wound healing.  

It is possible that Deeside Water also stimulates the expression of endogenous cytokine(s) in the AngioKit through a REDOX related control mechanism in a similar manner to the dermal keratinocytes.  This would indicate the potential for an important role for Deeside Water in tissue repair and the possibility of beneficial effects of using DW in wound healing products.

Retinoic acid (vitamin A) is another compound that is currently very topical and has been shown to be involved in repair and “rejuvenating “effects on human skin. Retinoic acid can bind to receptors on skin macrophages and cause them to release various cytokines including VEGF.  In this way the microvascular system can be enhanced and assist in overall increase in tissue health.  If Deeside Water elicits a similar release of VEGF or other stimulatory cytokine from dermal tissue it is possible that, when used regularly over a period of time, it could also be used to assist both in dermal (skin) repair and also in the beneficial effects on normal healthy skin that are seen with retinoic acid administration.

