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Without sufficient oxygen, our cells
have much less energy and perform
their functions less efficiently.*
This can be a problem because
energy is needed to keep the cells
healthy and optimally functioning.
When cells are not functioning well,
this is when the organs start to
malfunction and bring on the start
of disease. Cells that are starved
of oxygen can also start to break
down and die prematurely, bringing
on degeneration®. Degeneration
of cells drives the aging process in
your body and leads to degenerative
diseases such as dementia, retinal
degeneration*®, When a person
ages, degenerative processes cause
reduction in lung capacity, hardening
and blockage of the arteries, resulting
in a less effective delivery system to
bring oxygen to the body cells®. This
creates a vicious cycle of aging and
degeneration.

In conclusion, oxygen is an important
universal nutrient that determines
efficiency of energy supply to the living
cells for powering energy intensive
cell activites and maintaining overall
wellbeing of cells.

Definitions

a) Mitochondria — these are tiny components inside a
living cell responsible for generating energy using
oxyaen. Theyare like power generators for the living cell,
making sure that the cell has a constant energy supply in
order to stay alive and camy outits normal functions.

b) ATP — Adenosine friphosphate, an energy-camying
molecule found' in the cells of all living things. ATP
captures chemical energy ebtained from the breakdown
of food molecules and releases it to fuel all cellular
processes needed for life. It is the source of energy that
keeps everything going.

c) OXPHOS - Oxidative Phosphorylation is process
whereby a cell uses oxygen to generate large amounts
of energy in the form of ATP. This process, which takes
place in mitechendria, is the major source of ATP in
aerobic organisms.

d) Anaerobic glycolysis - Anaerobic glycalysis is a
method used by cells to produce ATP by transforming
glucose into lactate when limited amounts of oxygen
(O2) are available. Compared to OXPHOS, anaerobic

glycolysis creates 16 times less energy.




WHAT IS HYPOXIA?

Hypoxia is a medical term used to describe a condition where bodily
tissues are not receiving enough oxygen. In order words, hypoxia
literally means low oxygen levels in your body.

Hypoxia can be present in anyone
because of a variety of reasons, and it
is associated with many different
medical conditions. It can be caused
by decreased breathable oxygen in
the air (like when you are travelling in
an airplane or on a high mountain),
decreased ability for the blood to
carry oxygen to the organ tissues
(such as in anemia, thalassemia?,
severe blood loss or blocked arteries
or capillaries), decreased ability of
tissues to absorb oxygen (like lung
disease) or decreased ability of cells
to utilize oxygen (such as carbon
monoxide® poisoning or abnormal
mitochondria® function).

When a person becomes older,
reduction in lung capacity, hardening
and blockage of their arteries and
small vessels may compromise the
ability to fully oxygenate the body
tissues. Environmental pollution,
smoking and suboptimal breathing
patterns can all contribute to poorer
oxygen levels in the body.

Oftentimes, hypoxia can exist in
isolated organs or areas in the body
affected by poor blood supply or
abnormal behavior of the cells that
have difficulty using oxygen. Many
common diseases are associated
with isolated hypoxia in affected
organs. While generalized hypoxia
can be measured by special oxygen
measurement devices in the hospital,
isolated hypoxia inside organs or
within deep tissue can only be
measured invasively and is therefore
not commonly performed.

Definitions

a) Thalassemia — a hereditary, genetic blood disorder
commor in pecple of Mediterranean and' Southeast
Asian descent, Where the oxygen-carmying red pigment
inside red bloed cells (hemoglobin) is structured
abnoermally and therefore unable to effectively camy
OXygen.

b) Carbon monoxide is a gas presentin car exhaust

fumes and cigarette smoke. This gas binds to red bloed
cells and prevents the red cells from carrying oxygen.

¢) Mitochondria — these are tiny components inside a
living cell responsible for generating energy using
oxygen. They are like power generators for the living
cell, making sure that the cell has a constant energy
supply/in order to stay alive and carry out its normal
functions.

THE CONNECTION BETWEEN
HYPOXIA AND DIABETES .

The lack of oxygen, or hypoxia,
would appear very far removed
from any connections with
diabetes mellitus, a condition of
abnormal glucose metabolism.

Indeed, in recent years, medical
scientists are beginning to find out
that hypoxia is closely associated
with disease processes in diabetes,
and is not only the result of abnormall
blood circulation present in diabetes,
but is also responsible for driving
progression of some diabetic
complications’,

Fat cell hypoxia is clearly a factor
that contributes to the development
of insulin resistance and eventually
diabetes. The role that hypoxia plays
in the causation of a diabetic state
was made clearer through the work
of researchers at the University of
California, San Diego School of
Medicine. They discovered that eating
fatty foods causes activation of a
protein inside the fat cell membrane,
called adenine nucleotide translocase
2 (ANT2), which consumes huge
amounts of oxygen, leaving very little
for the rest of the cell.

When a cell is oxygen starved
(hypoxic) it becomes ‘stressed’ and
will release nasty substances called
‘chemokines™ that tum on the immune
system's inflammatory response?.
When this happens, the resulting
low-grade tissue inflammation will
impair the way cells interact with
insulin, leading to insulin resistance, a
state where insulin gets less and less
effective in lowering blood sugar. This
precedes the development of type 2
diabetes?.

Diabetes patients suffer poor blood
flow through the narrowed small
blood vessels (microangiopathy®) all
over their body and this means that
the oxygen carried in red blood cells
have difficulty getting through these
narrowed vessels to reach the body
tissue.




In a clinical study conducted in the

Netherlands, researchers found
that people with diabetes, when
compared to healthy subjects without
diabetes, have consistently lower
tissue oxygen values measured
at various sites of the body®. They
deduce that is could be due to the
narrowed blood vessels supplying
inadequate oxygen to the body cells,
causing hypoxia.> The doctors at
the Hyperbaric Unit, Royal Adelaide
Hospital, The University of Adelaide,
South Australia also discovered that
increasing the patient’s body oxygen
levels using hyperbaric oxygen
therapy* led to better response of the
body to insulin with more effective
blood sugar lowering, further drawing
the link between diabetes and body
oxygen levels*.

Obstructive sleep apnea (OSA)
occurs when your throat muscles
intermittently relax and block your
airway during sleep, commonly
observed as snoring. This causes
breathing to repeatedly stop and
start during sleep, leading to
intermittent lack of oxygen to the
brain. Severe obstructive sleep
apnea (OSA) increases a person's
risk of developing diabetes by 30%
or more, according to a study of
11,000 patients, published in the
American Journal of Respiratory and
Critical Care Medicine®. Intermittent
hypoxia in people with obstructive
sleep apnea is found to propagate
insulin resistance and increase the
risks of developing diabetes®. Now
that that link has been confirmed
in such a large ftrial with a long
follow-up period®, clinicians may
be able to intervene and take
diabetes prevention measures for
patients with OSA who have not yet
developed the disease.
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Definitions

a) Inflammatory response of immune system
—\When the immune system is triggered, it will
release armies of immune cells inte the bloodstream
to fight fereign invaders such as bacteria. This is

a normal respense to foreign invasion. However,
long term(chrenic) inflammatory response ofithe
immune system can be triggered in the absence of
invasion, by substances that the body cells produce
during prolonged states of stress, substances called
chemokines, This continual influx of immune cells
will create a state of ‘martial law! in the body, causing
prolonged stress to normal cells, leading te chronic
diseases such as heart disease, diabetes and arthritis.

b) Microangiopathy — this is a complication of diabetes
where the small vessels (capillaries) are damaged

by high blood sugar, and they become narrowed and
blocked, preventing smooth flow of bloed through them.

¢) Hyperbaric oxygen chamber— Hyperbaric Oxygen
Therapy(HBOT) is a freatment that involves placing

the patient inside a pressurized chamber with 100
percent oxygen. While the patient is inside the pressure
chamber, itincreases plasma oxygen concentration

by 10'to 15 times and enables increased tissue
oxygenation of the bady. The oxygen concentration in
plasma and the tissue oxygen levels retums rapidly to
original levels within 10 minutes of the patient leaving
the pressurized chamber. This is an established method
of enhancing tissue oxygen for the duration that the
patient is inside the pressurized chamber.




HYPOXIA IS CANCER’S BEST FRIEND

A common feature of most cancers is
a low level of oxygen, called hypoxia,
the severity of which varies between
tumor types.! Cancers are hypoxic
(having low level of oxygen inside the
cancer tissue), the cancer cells have
adapted to thrive a low oxygen
environment? This  relationship
between cancer and hypoxia has
been known since the 1930s when
Dr Otto Warburg, a German Nobel
Prize winner in. Medicine, discovered
that cancer proliferation occurs in the
absence of oxygen.?

Cancers that have lower levels of
oxygen are more aggressive in
behavior, with greater tendencies to
invade and spread®, resulting in
poorer outcomes for patients. Several
mechanisms have been proposed by
cancer researchers on how hypoxia
affects cancer aggression.

In environments with low oxygen,
cancer cells undergoes frequent
genetic distortions (genetic
mutation®)’; to become aggressive
cells with a ferocious ability fo
spread®. Under hypoxic conditions,
cancer cells take on very primitive
shapes, literally sprouting limbs that
allow them to move and invade into
surrounding normal tissue®. At the
same time, they also ‘give birth’ to
numerous immature cancer stem
cells that evade detection by the
immune system, hide in various parts
of the body to start new colonies of
tumours’. Non-cancer stem cells are
immature cells with the ability to
multiply indefinitely, to replenish
tissues throughout the life of the
person®. Cancer stem cells,
unfortunately, also behave the same
way fo ensure the survival and
recurrence of cancer in the patient’s
body’.

Professor Gregg Semenza, from

Johns Hopkins Kimmel Cancer
Centre puts it this way ‘There are
still many questions left to answer
but we now know that oxygen poor
environments (hypoxia), like those
often found in advanced human
breast cancers serve as nurseries
for the birth of cancer stem cells.” ®

According to Professor Semenza,
“Chemotherapy may kill more than 99
percent of the cancer cells in a tumor
but fail to kil a small population of
cancer stem cells that are responsible
for subsetquent cancer relapse and
metastasis®.” ®

Cancers use hypoxia as a protective
shield against radiation therapy and
chemotherapy'®. The more hypoxic
a cancer is, the more it is resistant to
treatment'®. Oxygen has a substantial
impact on treatment response, and
hypoxia presents a serious barrier to
successful radiation therapy.

Radiation therapy is ineffective against
hypoxic cancer because radiation
interacts with oxygen inside the
cancer cell to disrupt the cell’'s ability to
multiply™. If the cancer cell is hypoxic,
radiation is unable fo effectively
destroy it". On the other hand,
having sufficient oxygen can make
a big difference to how successful
radiotherapy is for treating the cancer;
for conventional radiation therapy,
regions of a tumour with high oxygen
concentration are up to threefold more
responsive to treatment than regions
without oxygen'?.

Failure to respond to chemotherapy is
also contributed by cancer hypoxia'®.
The effective delivery of cancer drugs
into hypoxic areas of the cancer is
hampered by low oxygen levels and
acidic conditions in the cancer tissue
due to anaerobic glycolysis®'* Some
chemotherapeutic  drugs  require
oxygen to generate free radicals® that
kil cancer cells and are ineffective
when the cancer is very hypoxic™.

Overall, hypoxia in the environment
of a cancer is a critically important
factor which promotes recurrence
of malignancy and has a negative
effect on response to most cancer
treatments.




Definitions

a) Genetic mutation— Mutation is a change in the cell
DNA that creates slightly different versions of the same
genes.

b) Metastasis — Metastasis is the medical term for
cancer that spreads to a different part of the body from
where it started.

c) Free radicals - Free radicals are atoms or groups of
atoms with an odd (unpaired) number of electrons. Once
formed these highly reactive radicals can start a chain
reaction, that can damage cell membranes and cell
DNA.

d) Anaerobic glycolysis — the metabolic method used
by cells to produce energy in the absence of oxygen. It
produces lactic acid as a by-product.
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FATTY LIVERS ARE HYPOXIC!

Non-alcoholic fatty liver diseases (NAFLD) is the most common long
term liver disease in developed countries’.

In this condition, the fatty changes in
the liver are not due to alcohol and
interestingly, a high fat diet actually
reduces oxygen supply to the liver
cells?. Oxygen, or rather the lack of it,
is a central component of the disease
process leading to formation of fatty
liver®. Accumulating medical evidence
from the past few decades provides
strong support that interruptions in
oxygen supply to the liver contributes
to the start and progression of fatty
change®.

The liver is a highly metabolic organ,
requiring a high energy supply to
fuel its metabolic activities?. As such,
adequate oxygen supply to the liver
is extremely critical for this tissue's
function because without oxygen,
cells produce 16 times less energy
(ATP)*. Oxygen regulates metabolic
activiies in certain parts of the
liver and when disease processes
affect the liver, oxygen can make
adjustments to how liver diseases
progress®.




Low supply of oxygen to these parts
of the liver lead to hypoxic damage of
the liver cells. How well oxygenated
the liver cells are prior to suffering any
stress or injury can dramatically affect
the outcome with better oxygenated
liver cells suffering less harm®.

People with obstructive sleep apnea,
the serious snorers, have been
shown to develop fatty liver.”® The
intermittent ‘strangulation’ occurring
throughout the night in severe snorers
keeps disrupting oxygen supply to
the body and creates sufficient overall
hypoxia to reduce supply of oxygen
—rich blood to the liver and cause liver
hypoxia®. Hypoxia then stimulates
fatty change within the liver cells.

Chronic hypoxia not only propagates
fatty liver, it can induce formation of
fibrous tissue within the liver, leading
to development of liver cirrhosis. ™

References:
1. NAFLD and hepatocellular Carcinema: how big a

| problem s this really? Curr. Hepatol. Rep. 13 (2) (2014)

113-118..

2. High fat diet induces dysregulation of hepatic oxygen
gradients and mitochondrial function in vivo, Biochem J.
417 (1) (2009) 183193

3. Non-alcohalic fatty liver disease, to struggle with the
strangle: Oxygen availability in fatty livers. Redox
Biology 13 (2017) 386-392

4. Oxidative Phosphorylation. D.A. Bender.
Encyclopedia of Food Sciences and Nutrition (Second
Edition), 2003

5. Oxygen: modulator of metabolic zonation and
disease of the liver, Hepatology 31 (2) (2000) 255-260

6. Effects of hepatic zonal oxygen levels on hepatocyte
siress responses, J. Surg. Res. 145 (1) (2008)
150-160

7. Symptoms of obstructive sleep apnea in patients
with nanalcoholic fatty liver disease, Dig. Dis. Sci. 50
(12) (2005) 2338-2343

8. Obstructive sleep apnea is associated with fatty liver
and abnomal liver enzymes: a meta-analysis, Obes.
Surg. 23 (11) (2013) 1815-1825

9. Obstructive sleep apnea and non-alcoholic Fatty liver
disease: Is the liver another target? Frant. Neurol. 3
(2012)149.

10. Hypoxia, hypoxia-inducible facters and fibrogenesis

in chranic liver diseases. Histol Histopathol.
2014;29:33-44.

HOW IS HYPOXIA
INVOLVED IN
HEART ATTACK
AND STROKE?

Hypoxia is the cellular weapon that
kills the heart and brain during
heart attacks' and strokes?.

Heart muscle cells are very sensitive
to lack of oxygen (hypoxia) because
they require a constant large supply
of energy to pump non-stop 24 hours
a day, every day of your life. The brain
is a very metabolically active organ
yet it contains virtually no oxygen
reserve?. Brain cells are critically
sensitive to hypoxia? because they
are constantly transmitting electrical
signals that coordinate organ
function, enable movement and
orchestrate other bodily functions
within a living person. These activities
are highly energy intensive. As we
have discovered in the preceding
chapter explaining why oxygen is
important, cells generate 16 times
more energy when well oxygenated,
compared to when they try to create
energy in the absence of oxygen
(anaerobic glycolysis?)®.

High functioning cells such as heart
muscle cells and brain cells have high
energy requirements all the time.
That is why hypoxia is an undesirable
state for heart and brain function.

The cardiovascular system, also
known as the circulatory system,
includes the heart, arteries, veins,
capillaries and blood. The heart is
literally the pump that moves blood
through the network of blood vessels;
tubes of various sizes (arteries, veins
and capillaries) to reach different
regions of the body.

Supplying oxygen to the body is the
most essential function of the
cardiovascular system. All cells in the
body require oxygen to generate
energy (ATP®) in order to stay alive
and perform their functions. The heart
and its network of blood vessels is the
fransport system to ensure that
oxygen is continually delivered to
every cell. Although all cells require
oxygen, brain cells are the most
sensitive and begin to die in as litlle as
few minutes if deprived of oxygen?.




The heart pump itself uses 5 to
20 percent of the body's supply of
oxygen* and has its own network of
blood vessels called the coronary
arteries that supply blood to the
heart muscles. Heart muscle cells
die within 20 minutes* if they do
not receive enough oxygen. So
hypoxia created by blocked arteries
is especially lethal to heart and brain
cells.According to the WHO (World
Health Organization), cardiovascular
disease (CVD) is the number one
cause of death in the world®, with
more people dying annually from
CVDs than from any other cause.
Cardiovascular disease generally
refers to conditions that involve
narrowed or blocked blood vessels,
leading to chest pain (angina), heart
attack or stroke.
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What happens during a heart
attack or stroke?

A heart attack is precipitated when a
narrowed coronary artery suddenly
becomes blocked with a blood clot
and oxygen supply to the heart
muscle is cut off. The heart muscle
cells suffer immediate hypoxia.’
Without oxygen, the heart muscle
cells switch to anaerobic glycolysis
to generate energy, making 16 times
less energy (ATP) than before?.
Heart muscle cells are very sensitive
to low oxygen because they cannot
afford to rest, they need to keep
pumping blood for the rest of the
body. Muscular pumping needs lots
of energy (ATP). With this sudden
energy crisis, the heart muscle cells
become stressed and start dying. If
a supply of oxygen-rich blood is not
re-established within an hour, the
heart muscle cells become dead and
cannot be revived®.

If large portions of the heart muscle
are dead and non-functioning, the
heart pump becomes disabled.
Being the main pump that pushes
blood around the body, a failing heart
leads to poor oxygen supply to the
entire body. This is a state called
heart failure. If the heart pump stops
because of extensive damage, the
person will die.

A stroke is simply the same event
described above, happening to an
artery supplying blood to the brain.
Hypoxia in brain cells is a very
serious problem because brain cells
die even faster than heart muscle
cells when hypoxia sets in - dying
within a few minutes from the time
oxygen supply is cut off2. This leads
fo rapid cell death and permanent
damage to the affected parts of the
brain within minutes?. Depending
on which region of the brain the
affected artery supplies to, a stroke
can result in a range of different
neurological problems such as loss
of ability to move a limb, loss of ability
to speak, loss of sight or even loss of
consciousness (coma). Damage in
critical parts of the brain from a stroke
can lead to death.

Definitions

a) Anaerobic glycolysis - Anaerobic glycolysis is a
method used by cells to produce ATP by transforming
glucose into lactate when limited amounts of oxygen
(02) are available. Compared to OXPHOS, anaerobic
glycolysis creates 16 times less energy.

b) ATP — Adenosine triphasphate, an energy-camying
molecule found in the cells of all living things. ATP
captures chemical energy ebtained from the breakdown
of food molecules and releases it to fuel all cellular
pracesses needed for life. It s the source of energy that
keeps everything going.
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WOUND HEALING SUFFERS
WHEN THERE IS HYPOXIA

Oxygen has a massive effect on the wound healing process, and one
of the biggest factors that can inhibit the body’s ability to heal a wound
is low oxygen levels (hypoxia) in the affected area’.

While the exact way oxygen works in
the wound healing process is more
complex than understood, it is widely
recognized that oxygen is needed
in nearly every stage of the wound
healing pathway?.

When the body acquires a wound,
from surgery or trauma, the break in
the body’s integrity makes the wound
vulnerable and it triggers a response
to greater bacterial defense, cell
proliferation, collagen synthesis and
regeneration of blood vessels and
nerves, among other reparative
activities®.

All these are high energy activities.
As reported in the British Journal of
Dermatology?, oxygen’s main function
in wound healing lies in its capacity to
effectively produce energy. In order
for cells to fight infections, properly
multiply and get organized into
different skin cells to fill up the wound,
they must have a sufficient amount of

energy’.

Like all functions involved in human
biology, oxygen is essential for cells
to generate energy (ATP?) effectively,
using a process called oxidative
phosphorylation®.

When an area of the body does not
receive ‘an adequate amount of
oxygen, a conditon known as
hypoxia, it can slow and even halt the
healing process — resulting in chronic
wounds®.

The limitation of oxygen delivery to
the wound is often due to many
factors; however, the end result is
always non-healing, chronic wounds
or ulcers. Chronic leg and foot ulcers
occur in many adults with vascular
disease or diabetes and are
attributed to poor delivery of oxygen
rich blood through blocked blood
vessels, prolonged pressure, or
abnormal nerve function.

These ulcers last on average 1210 13
months, can relapse in up to 60% to
70% of patients, can lead to loss of
function, amputation and decreased
quality of life* These wounds
become infected because there is
insufficient oxygen to mount an
effective antibacterial effect and
ultimately, the poor oxygenation of
the skin over a prolonged period
leads to gangrene (death of the
tissue) of the affected area and
amputation of the leg®.

Doctors currently use hyperbaric
oxygen therapy (HBOT)Y , an
oxygenation method to correct
hypoxia in poorly healing wounds®.
HBOT is usually effective to heal
these chronic wounds but many
patients are unable to tolerate the
side effects such as pressure induced
ear damage (middle ear
barotrauma®)’, dental pains, difficulty
with visual focus?, risks of cataracts®,
and increased blood pressure'®
Middle ear barotrauma is one of the
most common side effects of HBOT.
Patients experience problems with
ear equalizaton, a feeling of
pressure, ear pain, and discomfort
during the time they ramp up the
pressure in the chamber. As such,
this current method of overcoming
wound hypoxia is not suitable for
every patient.




Definitions

a ) ATP—Adenosine triphosphate; an energy-camying
molecule found in the cells of all living things. ATRP
captures chemical energy obtained from the breakdown
of food molecules and releases it to fuelallcellular
processes needed forlife. Itis the solirce ofienergy that
keeps everything going.

b) OXPHOS - Oxidative Phosphorylation is process
whereby a cell uses oxygento generate large amounts
of energy in the form of ATP. This process, which takes
place in mitochondria; is the major source of ATP in
aercbic organisms.

¢) Chronic wounds - Chronic ulcers are those thatdo
not progress through the healing process in a timely
manner and typically/last 12 to 13 months.

d) HBOT - Hyperbaric oxygen therapy (HBOT)an
adjunet therapy to increase tissue oxygen with the use of
100%)oxygen at air pressures greater than atmospheric
pressure.

e) Middle Ear Barotrauma —a common side effect of
the high pressure—high oxygen envirenment during
HBOT; leading to sensation of ear pain, ear canal
swelling and rupture of eardrum with resulting deafness.
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INTRODUCING

ELO

DRINKING WATER

ELO Drinking Water is an
oxygen-rich water with a
refreshing, smooth taste that
nourishes the body from within
and enhances overall well-being.
The revolutionary technology
behind ELO Drinking Water..
allows a high level of oxygen
to exist in a unique, stable and
bound form that promotes
quick absorption by the body,
restoring its natural balance and
enhancing overall well-being.

Properties of ELO Drinking Water:
- High oxygen content

« A pH of between 7.1 and 7.5

« Natural minerals
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» Preservative-free
 Pure and additive-free

PURCHASE INFORMATION
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OXYGEN-RICH ) P

ELO Oxygen-Rich Drinking Water is sold at ELO Lab, City Square
Mall'and ELO Water Therapy Centre, Belvedere and available for

purchase online at the following websites. Delivery can be
arranged upon request. Charges may apply.

www.elowatershop.com

L ] N \ [ ]
:\_\
\
\
. b




