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T

he normal wound healing process is
divided into four overlapping phases of
coagulation, inflammation, migrationproliferation, and remodeling. During normal wound
healing, microvascular endothelial cells migrate
to form new blood vessels. Oxidative stress can
play an important role in endothelial cell dysfunction and wound healing impairment (1).
Olive phenols found in the McCord Compound
including oleuropein and hydroxytyrosol have
been shown to impart protective effects on vascular endothelial cells by attenuating oxidative
injury (2,3,4) and inflammatory damage mediated by TNF-alpha (4).

It was previously shown by the renowned diabetes investigator, Thomas Karagiannis, PhD at
Baker IDI Institute in Melbourne, Australia (with
funding from McCord Research) using an in vitro
model of wound healing (including high glucose
impaired wound healing simulating the diabetic
wound environment) that the McCord Compound improved human umbilical vein endothelial cell (HUVEC) migration and decreased
wound healing times by at least 50%. The
McCord Compound was also shown to improve
the antioxidant capacity of normal peripheral
blood mononuclear cells (PBMCs) depleted by
induced stress with high glucose.
Hyperglycemia that occurs during diabetes may
cause a shift toward a more oxidizing environment in the process of wound healing. It has also
been proposed that increased glucose metabolism
during cellular proliferation may accompany a
shift in the cellular redox environment towards a
more oxidizing environment (5). Mitochondria
consume approximately 90% of the cells oxygen

and are the greatest source of reactive oxygen
species (ROS), contributing significantly to
oxidative environments (6,7). The regulatory
mitochondrial enzyme, manganese superoxide
dismutase (MnSOD), is activated by hydroxytyrosol (8), and defends cells against oxidative
stress (9). Perturbations in mitochondria function
and bioenergetics including respiration (a metabolic process resulting in energy (ATP) production) are therefore likely to have a significant
impact on the redox environment within cells.
In addition to oxidative stress, impaired wound
healing has been associated with decreased
vascular endothelial growth factor (VEGF)
expression due to DNA damage and lipid peroxidation induced by the wound environment (10).
However, in vivo wound healing studies have
shown that oleuropein increases VEGF expression, which correlates with an acceleration of
re-epithelialization (11).
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Therefore, since evidence suggested that the
McCord Compound and its phenolic components
may possess pro-angiogenic activity, the effect of
the McCord Compound on the angiogenic capacity of human microvascular endothelial cells
(HMEC-1) and HUVEC was determined in the
laboratory of Dr. Karagiannis. In addition the
bioenergetic effects of the McCord Compound
were investigated with HMEC-1 and PBMCs.
In these studies, vascular tube formation assays
were performed to assess the vasculogenic activity of the McCord Compound in HMEC-1 and
HUVEC vascular endothelial cells. Increased
tube formation was found. The bioenergetics
effects of the McCord Compound on vascular
HMEC-1 cells and circulating PBMCs were
investigated using a Seahorse Extracellular Flux
Analyser®, which measured the oxygen consumption rate (OCR), indicative of mitochondrial

respiration, and the extracellular acidification
rate (ECAR), indicative of glycolysis, in intact
cells. To determine whether the McCord Compound has an effect on the viability of vascular
endothelial cells, a crystal violet cell viability
assay was performed. It was also determined that
the McCord Compound as well as hydroxytyrosol and oleuropein had no significant effect on
HMEC-1 cell viability as shown in Figure 2 indicating that they had no cytotoxic effects.
Bioenergetic effects were determined by measurin glycolysis (glucose metabolism pathway) and
respiration. Basal glycolysis was measured using
determined oxygen consumption rates (OCR).
The glycolytic rate of stimulated PBMCs
increased following treatment with the McCord
Compound but remained unchanged in HMEC-1
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Figure 1: The McCord Compound increases tube formation in vascular HMEC-1 and
HUVEC cells. Cells were
treated with the McCord
Compound for 24 hours prior
to the angiogenesis assay.
Vascular tube formation after 6
hours is shown. Data are
presented as percentage area
tube formation. The mean ±
SEM of two independent
experiments performed in
triplicate are shown.
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cells and unstimulated PBMCs suggesting that
the McCord Compound has little effect of glycolysis. Basal respiration (indicative of oxygen consumption used to meet cellular ATP demand)
increased following treatment with the McCord
Compound in all cell lines.
Maximal respiration is indicative of the cell’s
bioenergetic capacity and spare respiratory
capacity is indicative of the capability of the cell
to respond to an energetic demand. The McCord
Compound was found to augment maximal respiration and spare respiratory capacity in HMEC-1
cells and PBMC cells.
ATP turnover, determined as the proportion of
oxygen consumption used to drive mitochondrial
ATP production, increased following pre-treatment with the McCord Compound in all cell
lines. Uncoupled respiration (indicative of basal
respiration that is not coupled to ATP production)
was increased in all cell lines following pre-treatment with the McCord Compound suggesting
that a non-mitochondrial respiration process was
active that allowed cells to respire under conditions of mitochondrial stress.

Figure 2: Olive phenols have
no significant effects on cell
viability in HMEC-1 cells.
Cells were incubated with the
indicated treatment for 24
hours and cell viability was
measured by crystal violet
absorption. Data is presented
as the percentage of growth
inhibition relative to the
untreated cells. The mean ±
SEM of three independent
experiments are shown. HT
represents hydroxytryrosol; OL
represents oleuropein; MCC
represents
the
McCord
Compound.
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In summary, the McCord Compound increased
human endothelial vascular tube formation but
had no effect on endothelial cell viability indicating that the McCord Compound has pro-angiogenic effects that stimulate wound healing. The
McCord Compound also increased cellular respiration, including uncoupled respiration, but had
no effect on endothelial glycolysis, indicating
that the McCord Compound can enhance cellular
respiration even under conditions of mitochondrial stress.
McCord Research’s investigation of the role of
the McCord Compound, hydroxytyrosol, and
oleuropein in angiogenesis and bioenergetics is
far more extensive than has been revealed in this
paper. The purpose of this document is to present
some of our basic research while protecting the
most protected findings.
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Figure 3: Responses to mitochondrial stress in vascular
HMEC-1 and peripheral circulating monocytes (PBMCs).
Cells were treated with and without the McCord Compound
(UNT without compound; MCC with compound) for 24 hours
prior to performing a mitochondrial stress test using the
Seahorse Extracellular Flux Analyser. Oxygen consumption
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rates (OCR) were measured before and after sequential
injections of 1μM oligomycin (ATP‐synthase inhibitor), FCCP
(proton gradient uncoupler), and antimycin A/rotenone
(complex I inhibitor). The mean ± SEM of two independent
experiments performed with up to six replicates are shown.
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