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and make it lucid and understandable to the lay reader. lt is very rare
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FORWARD

I have always been fascinated by the process of life. How does a blade
of grass grow, what determines its shape and function? lf it is chopped
off, how does it know to grow back? I was sometimes accused of being
a strange child, yet my inquiring mind turned me toward the study of
science. This love oftruth and science stayed with me into my adult life,
I soon realized that the mystery of life is one of the most fundamental
questions facing us. Shortly after obtaining my Ph.D. in Atomic and
Medical Physics, I was set on a path that would ult imately lead me to
iind the answer to some of these questions and to better understand
the overall framework of life processes, approached on the most basic
atomic level.

The purpose of this booklet is to help the reader explore and
understand this newly emerging science about healing, in a clear,
concise, straightforward manner, one that sets a framework around the
fundamental principles of the inner workings of the body: explaining
how the micro machinery ofthe body allows the body to thrive when it is
well and to heal itself when it is not well. This topic is approached from
a first-principles basis, the science is explained as best my language
will allow. This book also outl ines some emerging cutting-edge science
related to the role that redox signaling plays in the healing process.

It is my hope that the reader will be able to follow and comprehend
some of the basic, yet incredible, processes that allow us to live and
then be motivated to apply this new-found knowledge toward living a
healthief everv-dav life.



INTRODUCTION

lmagine what would happen if our body suddenly lost its ability to heal
itself. Within hours, our body would age several years, tissues would
degrade, infections would take hold and our body would quickly wither
and die. The root of the word "health' is 'heal." The body is constanfly
healing itself. The body's ability to heal is one of the most fundamental
and essential principles of life. Since conception, our body has been
abundantly endowed with this ability. In order to better understand how
it does this, we must start by looking at the smallest components of life,
the workings inside the living cells that make up our body.

Human cells are generally very small. In a cell's-eye view, the wrinkles
in the palm of your hand are huge cavernous canyons with cliffs and
ledges, stretching on for miles. A single hair on the back of your hand
is a huge towering column of proteins jutting far up, out-ot-sight. And
yet, even on this tiny scale, the cell is very large compared to the micro
machines that perform the processes of liie inside the cell. lf we were
to now dive down inside the cell, with a camera that is small enough
to see a single strand of DNA, we would see a bustling metropolis
of thousands of different types of molecular actors floating around in
the salt water, full of activity, extending for hundreds of yards in all
directions; proteins being manufactured and folded, delivery systems
on microtubules taxiing these proteins around to where they need to
go, receptors receivlng and transferring messages from inside and
outside the cell and factorylike organelles, hubs where the most
complex manufacturing takes place. In the centerwould be the nucleus,
containing the DNA, spitting out the instructions needed to manufacture
and transport all of these micro machines and messengers. Within this
thriving buzz of activity is found the mystery of human cellular life.

Our knowledge ofthese life processes is doubling in less than five years
time now In fact, the emerging science and framework contained in this
small booklet have been mostly developed in the last five to ten years



and isthe result of literally thousands ofinvestigators who have devoted
their lives to build such knowledge. The state of our understanding is
constantly changing and evolving. Our understanding of the role of
oxidants and antioxidants, for example, has done a tum-about in the
last five years. The oxidants (made naturally inside the cells) were
thought of as an unfortunate toxic by-product of our metabolism, and
the antioxidants (also made in the cells) were thought of as the heroes
that were made to clean uo these evil oxidants and save us from their
toxic grip. Our present understanding, however, is more enlightened.
We now have come to see that the oxidants, themselves, play a crucial
and essential messenger role to maintain basjc chemical balance inside
and outside ofour cells and, in truth. we cannot live without them.

The picture gradually becomes clearer and clearer as time goes along.
As scientists put together the edge pieces, the whole puzzle starts to
take shape. In this booklet, we will look at some of these pieces and
how they fit together, however the major emphasis of this booklet will
be to take an overview of the whole puzzle and set up a framework
that will help us understand how the bigger picture is taking form and
how we can use this knowledge to make a future of better health and a
better life for all.

The first 4 chapters in this booklet will introduce you to basic cellular
biology and function; this part is helpful in order to familiarize yourself
with the microscopic workings inside your cells and the basjc concepts.
Some of these concepts will be useful, including the chapter on the
immune system, in order to get the big picture. The last 2 chapters,
however, contain the real heart of the material and new insights on the
body's natural healing process. These last chapters should be read
carefully in order lo comprehend the huge potential benefits offered by
emerging technologies.



BASIC CONCEPTS

An Overview of How Healthy cells Work

All l i fe processes take place inside ofour cells. In the simplest definit ion,
a cell is a tiny bag filled with salt water and organic chemicals. The
bag itself is made out of a bi-l ipid membrane (a thin sheet that has
waterproof layers on both sides and a thin layer offat in between). All of
the materials that the cell needs to maintain l ife must be passed through
this membrane into the inside of the cell and also all of the unneeded
garbage that is generated inside the cell needs to be passed back out
through this membrane to the outside otthe cell. The cell manufactures
certain portals or gateways, called receptors and co-receptors, that are
embedded in the cell membrane to let the materials in and out and to
pass chemical messages from the outside to the inside of the cell and
vice versa. Everything that affects the cell must be able either to pass
thfough these portals or to diffuse through the membrane.

In the middle of each cell there is another smaller double bag (made
from two bi-l iDid membranes) that contains the nucleus and DNA. The
DNA has encoded instructions on how and when to build the proteins
that the cell uses. A DNA strand is made out of two molecular spines
twisted into a double helix. Between the splnes there can be found only
four distinct types of molecules called nuceotldes (labeled A,IC,G)
which are arranged in sequenced groups l ike rungs on a ladder. Groups



of three of these rungs are called "codons" (A-T-G, for example).
The exact sequence of these codons in the DNA strand determines
the specific order in which amino acids are chained together (called
polypeptide chains) in ordertoform proteins, thousands and thousands
of difierent varieties. Most of the cell's machinery and inner structure is
formed outofthe proteins manufactured from lhese genetic instructjons.
One exception to this rule is the formation of an organelle called the
Mitochondrion. The Mitochondria (plural) contain their own DNA (called
mtDNA)formed in circularstrands and theydivide and reproduce inside
the cell much like bacteria divide, but are controlled and regulated by
protein messengers from the nucleus. The Mitochondria's primary job is
to efticiently produce the fuel (ATP) lhat energizes the micro machines
inside the cell that carry out the life processes. There are anywhere
from 10 to 5000 Mitochondria in a typical cell, taking up lo 50% of the
cell's volume.

In theory the DNA sequences of instruclions (genes) inside any given
cell in your body are entirely identical to the DNA sequences (genes)
that are in €very other cell (with the exception ofthe reproductive cells).
Lately researchers have cloned whole animals by placing the DNAfrom
a single skin cell inside an empty egg cell. The egg cell starts to divide
and form a complete organism. The DNA package inside every cell in
the animal has all of the instructions necessary to form a whole new
animal. This begs the question: lf the DNA in every cell is identical,
then how does there come to be so many different varieties ofcells and
tissues, brain cells, bone cells, skin cells, liver cells, etc.? The answer
to this question is found in the understanding that the individual cells do
not act alone, they are grouped and bound together into tissues.

The genes activated in the individual cells depend largely on
messengers sent back and forth from lheir neighbors and are specific
to where the cells are located in lhe body. After a while, the chemical
(protein) messages sent from the surrounding cells activate the genes



that determine the behavior of all the cells that collectively form similar
tissue. So in a real sense, the cellular function is determined by the
environment in which it lives. Cells, in this sense, "become what they
eat."

The ability of a cell to change its form and function depending on the
protein messengers surrounding it is called "cellular differentiation." A
cell gains its identity (brain, muscle, liver, etc.) from the messengers it
finds around it and/or builds inside it. A recent triumph in science came
when "stem cells" were discovered. These cells can take the form of any
cell lhey come into contact with (they are undifferentiated cells). lf you
want to grow new brain cells, for example, then all that is required is to
placestem cells in the brain. Theywillsoon transform into new brain cells
that fit flawlessly into their new environment as they are programmed to
become new brain cells by their neighboring cells. This also happens if
they are placed in the liver, heart, etc., the stem cells ultimately become
similar to the cells that sunound them. lt is an interesting fact thal the
cells in your body can also genetically shift due to the intake of nutrients
that you eat. What you eat can literally change the form and genetic
function ofyour cells. There have been experiments with identical twins
in mice, both having exactlylhe same DNA, thatwere fed different diets.
one mouse grew shiny brov,/n fur and was skinny, the other grew light
gotd fur and was fat and sickly. The only difference between the two
mice was in what they ate.

In order for a cell to be healthy, it needs proper nutrients and oxygen. lt
takes these things from the fluids that surround it. Nutrients and orygen
are normally supplied by the blood, lt may be surprising to some that
cells can even survive outside of the body.iust tine if they are given
enough nutrients and oxygen. There are human tissue cultures in
laboratories that are still alive that have been taken from people who
have died 50 years ago. lf a cell is given the necessary raw materials, it
can manufacture its own fuel and the micro machines that use this fuel
to keep it alive. Just with a handful of ditferent varieties of amino acids,
it can create complex proteins, duplicate itselfand maintain its form and
function indefinitely or until it eventually becomes broken or damaged
for some reason. Oxygen is essential for healthy cell function. This can
easily be experienced if you hold your breath for more than a minute;
your system screams for more oxygen (less carbon dioxide).
lf our cells are healthy, then we are healthy. lt is as simple as that- In
order to maintain our health, we must learn to provide our body with
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the nutrients that our cells need to survive and thrive. When lhe cells
become damaged, for whatever reason, we must be able to give the
body the raw materials it needs to heal itself, replacing the damaged
cells with healthy new ones. lf we do this, then the body can do the rest
- this is simple in principle but much harder in practice.

Major Actors Inside the Cell-An Organization Chart

So tar we have mentioned thal there are tiny micro machines inside
the cell that do all the work to keep the cell alive. These tiny molecular
machines are either floating around inside the sea-water solution
(called the cytosol) that fills the cell or they are attached to one of the
structures inside the cells, such as the bi-lipid membranes orthe orotein
''scaffolding" that hotds the celllogether (called the cytosketeton). There
are also relatively large structures that are constructed inside the cell
where most ofthe work is done (called the organelles). Let us introduce
ourselves to some ofthe majoractors insidelhe celland briefly discover
what each one ofthem does to keep us alive. We willstartwith the most
familiar ones right down to some of the unsung heroes. Note that the
"photos" of the players in the organization chart that are too large and
cluttered, wjll be depicted by their "ribbon" diagrams.

THE BOARD OF DIRECTORS:

D,VA- The instruction set needed to manufacture and requlate all of
the machinery of the cell.

The DNA is comprised of tens of thousands
of genes. Each gene, when activated (read,
lranscribed or expressed) relays the information
necessary to build a specific protein. Most genes
also contain 'addresses" where the proteins are
to be sent in the cell. Some genes also include
'folding instructions" that designate how the protein
is to be folded during the manufacturing phases.

Transcription Factors- Special proteins that tag the genes in the
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DNAto be activated (transcribed).

Transcription factors work hand in hand with
the DNA. They attach to the genes on the
DNA that will be transcribed (activated) and
thus determine the structure and functionality
of the cells. Soecial DNA readers (called RNA
Polymerase) are much more likely to transcribe
Gead and copy) the instructions encoded in the
gene when a transcription factor is attached to it.

must be uncoiled by
Polymerase before it

Chromalin Remodelers- Determine the shape
ofthe chromatin balls that coil up the DNA
Chromatin remodelers determine which
genes in the DNA strand will be released and
uncoiled in preparation lor their transcription
(activation). They perform a function similar to
the transcription factors, they help identiry the
genes to be activated. A gene in the DNAstrand

a chromatin remodeler and exposed to the RNA
can be read (transcribed).

THE EXECUTIVE STAFF:

A special mention and honor should be given
to those molecules that help the executives do
their job. These complex machines perform the
non-specilic tasks that aid in DNA transcription.
The Rl'rA Polymerase (RNAP) reads and
copies (transcribes) the DNAS instructions onto
the messenger RNA (mRNA) ribbons that carry

the instructions to the
manufacturing areas of the cell.

The Hericase molecule cuts the DNA and
releases the torsion (twisting force) on the
DNA helix so that the RNA Polymerase can
successfully run its course and read the genes.
The DNA is re-twisted and glued back together
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afrer it has been read by the RNA Polymerase.

THE EXECUTIVE MESSENGERS:

mRlVA - Messenger RNA contains a copy of
the DNA instructions that are read and coDied
(transcribed) wh€n a DNA gene is read by the
RNA Polymerase. This mRNA ribbon then
travels as a messenger out of the nucleus into
the prolein manufacturing areas of the cell
where the Ribosomes (the protein manufacturing
machines, shown in the next section) are located.
There the mRNA instructions are translated (decoded and interpreted)
by these manufacturing machines. Basically, they dictate how their
specific protein is to be pieced together and manufactured.

THE MANUFACTURING PLANT

The real work in building the proteins that the genes in the DNA have
asked for, the building ofthe machinery and supplies ofthe cell is done
by the Ribosomes.

Ribosomes are the primary workers in the
manufacturing plant lhat build all of the structures
of the cell. The two major parts or halves of the
Ribosomes are clamped together with the IRNA
coming from the DNAin the nucleus, When these
two halves are snapped together they are r€ady
to build protein molecules, They receive the
mRNA messengers tfanscrib€d from the genes

in ths DNA, and then use the instructions encoded on the mRNA as a
template to build the proteins that are to be used in the cell. The mRNA
goes into ono end of the ribosome and the newly-built proteins come
out ofthe other end.

In the Ribosomes, the proteinsare piecedtogether, aminoacid byamino
acid, accordlng to the instructions in the mRNA and their associated
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IRNA helpers coming from the DNA in the nucleus.
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ManyoftheseRibosom€workersareattachedtothemain manufacturing
plant of the cell, the Endoplasmic Reticulum (ER), a large folded
membranelhatis attached directly to the double membrane surrounding
lhe nucleus. The mRNA sent from the nucleus snakes out through
holes in the nuclear membrane and finds its way to the Ribosomes.
The Ribosome workers that are attached to this ER manufacturing
plant read (translate) the mRNAand expel their manufactured proteins
directly into the interior of the ER, where they are further folded and
formed into the finished mature orotein.

Many of these proteins are then packaged into bubbles (vacuoles
formed out of parts of the ER membrane itself) and are sent to the
places they are needed, either inside or outside of the cell. This
process acls very much like a mailroom in a largg company. certain
address strips attached lo lhe proteins are read and snipped off. The
protein is placed in its appropriate container which is pinched ofi to
form a "bubble' and is set on the 'track" (a little microtubule, leading to
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its destination). A little "walker molecule" called kinesin actually walks
along these microtubules dragging the bubble package behind it until
it reaches the corr€ct destination. The package is then opened and the
proteins released at their destination. Sometimes a package is routed
to a Golgi apparatus, a large folded membrane that acts as a hub,
receiving packages, processing and then re-sorting them and then
sending them out to their new destinations.

The proteins formed and delivered by this manufacturing and mailing
process make up the struclure and function of the cell. The names
of some of these proteins are familiar to us, for example, adrenaline,
testosterone, estrogen, insulin, cholesterol, dopamine, kiglycerides,
ATe etc. Other names might not be as familiar, like the collagen that
holds ourtissues together and hundreds ofother proteins that make up
the bones, muscles, hair and the connective tissue that our body needs
to function. Many of these proteins do not even have a name yet and
are labeled by numbers. There are even proteins manufactured inside
plant cells or other sources lhat form drugs that cause certain thlngs
to happen in our system, proteins such as caffeine, for example. A few
of these will be listed below with a short description of what they do.
Before we get canied away, let us take a moment to look at the way
that the cell powers itself and regulates all the bustling activity taking
olace inside.

THE FUEL REFINERS;

Almost all of the machinery inside the cell is
adapted to use only one type of fuel, namelyATP,
providing 95% of the energy necessary to keep
this machinery and thus the whole body working.

The cell's fuel, ATP
(Adenosine Triphosphate),
has three high-energy

phosphate molecules on one end. They are put
together by the burning of simple sugars with
oxygen from the blood in a process that is called
the "metabolism" of sugar ATP iiself is built up
whil€ passing through a complex protein called
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AfPsynthase (the ribbon diagram depicts certain functional cyclic
groups of amino acid clusters).

Most of the ATPsynthase is embedded in the
walls of the main energy powerhouse in the cell,
the mitochondria. lt is in the mitochondria where
most of the ATP fuel is manufactured.

The ATPsynthase in the mitochondria produces
the vast majority of the cell's fuel, in the form ol
ATP

The mitochondria are interesting objects by themselves, they have their
own circular DNA, called "mtDNA," and behave much like bacterja,
they divide and reproduce themselves and manufacture some of their
own proteins, but they are always under the control of the nucleus;
somelhing like domesticated, energy-producing "cattle" of the cell.
There are anywhere from 10 to 5000 mitochondria in each cell, often
comprising up to 50% of the total cell's inner volume. Consequently,
the mitochondria also consume the lion's share of the cellular oxygen
in exchange for the ATP fuelthey produce.

The importance of ATP cannot be overemphasized; every time your
muscles move or a thought runs through your brain, every time you
sweat or salivate or look at something, billions upon billions of ATP
molecules are being consumed in order to power the process. The
chemical reactions powering your cells are bluningly fast on the
molecular scale. l\rost ofthe complex reactions take place in less than
one mill ionth of a second.

THE FUEL STATION ATTENDANTS:

Just l ike the gas pedalon yourcar, most ofthe molecular micro machines
inside your cells have "throtlles," called kinases, that control how fast
the ATP fuel is consumed by these machines and consequently how
fastthese little machines operate.ATP is expensive to produce and thus
is carefully conserved and used to fuel the most important processes
of the cell first. This ATP fuel is also carefully regulated so that no part
ol the cell receives more than its tair share and ensures that the fuel
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goes to the place where it is most needed. Afew examples ofthe actual
protein regulators thatdetermine how muchATPfuelis used and where
it is used are listed next, The keys to these kinase fuel gateways are
determined by a variety of different molecules that are floating around
in the neighborhood as wellas the presence ofoxidants and reduclants
that will be explained in following chapters.

Pyruvate-Kinase- surprisingly, some oi these tiny molecular kinase
molecules, like Pyruvate, actually look like throttle valves that, when
activated, physically open up a passage to let the ATP through.

Actlvat€d

oAMP and qGMP- are a few of the hundreds of messenger "keys"
that unlock the'fuel gates" (Kinases) on the molecular machines so
that they can accept the fuel (ATP) that they need to work, These
messengers are often released by signals coming from the outside of
the cell and regularly unlock the gates thal regulate sugar intake and
smooth muscle control ofthe blood vesseldilation. oGMP, for example,
helps open up blood flow and is one of the active ingredients in the
popular drug, Viagra".

CGMP
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Ck2a Kinase with lP3 in middre- some kinase
gates, especially gates that let through certain
metal ions used in muscle control and rapid
signaling, are controlled by small molecules like
lP3 that hold the fuel gate closed or open.

THE SIGNALING MESSENGERS:

Looking at the simple molecular keys that control lhe kinase fuel gates
that energize the machinery in the living cellgives us a firstglimpse at a
very important class of molecules and proteins that acl as messengers
that are senl off to make sure specilic things happen or do not happen.
As can be imagined, these signaling messengers serye a very
important role in the working of the cells, They send signals between
the machinery in the cell ihat determines how the cell's machinery
operates and responds to the normal changes in its environment as
well as drastic alarms like threats, damage, lack of oxygen, changes in
temperature, th€ arrivalofa nerve signal, etc. They can also be sent as
long distance messengers to send signals between cells and tissues,
as well as general messengers released into the blood and lymph that
affect the working of whole systems throughout the entire body, like
adrenaline for example. A few of these are listed below. The rest of this
booklet, howeve( is focused on the em€rging science that explains, in
part, how signaling messengers do what they do and the pocesses
that keeps them controlled and balanced when the body is healthy.

Redox messe,gers- Reactive Oxygen Species (ROS)and Reduced
Species (RS) -The smallest and most fundamenlal universal signaling
molecules in the body are the simple but extremely important reactive
molecules that are formed from combinations of the atoms (Na, Cl,
H, O, N) readily found in the salt water bath that fills the inside of the
cells (cytosol). All of life's players mentioned so far ffoat around in this
bath and can be sunounded by a balanced mixture of these reactive
molecules. Just a few of these reactive molecules are shown here,
there are more than 20 of them in all.
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Charged metal ions- The movement of these charged metal ions
makes the electric current that canies signals along our neryes and
muscles. They also play signaling roles in hundreds of different life
processes. Three examples of these are the Calcium ion (Ca2+), the
Potassium ion (K+) and Sodium ion (Na+).

Cytokines- -lhe messengers that activate and regulate the immune
system, controlling inflammation, white blood cell movement and
natural celldeath.

lnterlouklns
(regulale immune cells) (identry invaders, viruses)

Endocrine messengeF- The m6ss€ngers that regulate and control
digestion, metabolism and organ function.

Ad.enallne Inaulin Gasirin
(regulales energy use) (regulales sugar melabolism) (regulates gasltc syst€m)

lnterferons

Homones- The messengers that determine tissue groMh and
reproductiv€ function.
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Testosterone Estrogen

Transcrlptlon Factorc- The messengers that cause lhe DNA inside
the nucleus to call for incfeased Droduction or reduction of cenain
soecific oroteins,

NF.kappaB
(c€lls for lnJlammation)

NRF2 TNF
(calls lor antiox dants) (c6lls torlumordealh)

ENZYMES-THE BREAKNT.DOWN,
CLEANIT-UP AND RECYCLEJT CREW:

There are enzymes in the celllhat are assigned to the cell's clean-upand
recycling crew They speed up the elimination of the cell's "garbage,"
breaking down the unneeded or excess molecules into smaller useful
components. Without these enzymes we would quickly die from the
accumulation of excessive and possibly harmful unneeded molecules
inside the cells. They also protect the cells by breaking down the toxins
that come in from the outside environment.

In a very real sense, these enzymes are more than just the garbage
disposal crew, they form an indispensable part of the system that
maintains lhe chemical balance needed to sustain all of the life-critical
processes that take place inside the cells. ln the cell, molecules (lafge
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and small) are conslantly in the process of being built up from smaller
pieces and then torn back down into smaller pieces again.

Antioxidants-The clean-up crew that is placed strategically in the
cell, like guardians, to break down and eliminate the oxidants that
would otherwise accumulale and cause damage-

Glulathlone Peoxldase (GPxl Superoxide Dismutase (SOD) Catalase
(b€aks down vadous oxidants) (bcars d(M supercxidE) (b@ks doM hydrcsen percnde)

Proteases-The large protein break-it{own crew, used as digestive
enzymesto breakdown food and used bycellslo breakdown unneeded
or defective Doteins.

Trypsln Chymotrypsln PepsinogEn

Other Staff Members- Some of these might be familiar to you (their
function is omitted).

Collagen

#
Chole6biol Glocora Tdglyc.rlde!

.tt"ss
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How the Actors Work Together-The Signaling Messengers

So far in our abbreviated organization chart, a smallsample ofthe cast
of actors has been put together in orderto provide a tiny taste of what
they look like and what they do. There are thousands more (not listed,
thankfully) that fill major roles inside and oulside the cell and the list is
growing every day as new actors and roles are being discovered. The
real story, however, lies not so much in what they look like or what theif
job description is, but in how they interactwith each other and how th€y
determine when and where lo do theirjob.

For the most part, the cellular micro machinery is controlled by the
various signaling messengers, as has already been mentioned, that
go about carrying messages inside the individual cells (intracellular
communication) as well as carrying messages between the cells
(intercellular communication). As has also been mentioned, the very
identity and behavior of the cell depends on the quantities and types of
messengers being passed around in its surrounding environment.

The inner-cell (intracellular) messengers float around inside the sea-
water solution (c!4osol) inside the cells. There are generally two types
of intracellular messengers ('l) protein messengers that are coded by
the DNA and built, delivered, passed around and modified by enzymes
and cellular machinery and (2) a recently discovered network of
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messengers called'redox signaling and regulation" messengers made
out of small, highly-reactive molecules (ROS and RS) that are formed
by the "REDuction" and "Oxidation" (redox) of the very sea-water bath
that surrounds all ofthis cellular machinery These messengers modify
the behavior ofthe machinery by changing the chemical potential in the
salFwater environment where all of this machinery exists. Since these
"redox" messengers are integrally involved in the healing process, they
will be the topic of furlher investigation in this booklet-

The between-cell (intercellular) messengers are passed back and
forth between cells. In order for them to work they musl to be able to
leave one cell and "latch onto'or pass into surounding cells. There
are specific places built into the outer membranes of the cells, called
"receptors" and 'co-receptors," where these messengers are allowed
to "latch onto" the outside of the cell. Each different type of messenger
molecule (called agonists) has its own custom-built latch (receptor)that
allows it to pass a signal into the cell.

In many cases, the receptor itself, when latched, will cause intracellular
messengers to be released to continue carrying the message into
the cell. Most cells are stuck together with a scaffolding of adhesive
molecules that allow messages to more easily be passed around
among neighboring cells.

Redox messengers are able to alter the chemistry of the receptor
latches that can either enhance or inhibit their ability to latch onto their
messengers and pass messages into the cell. Sometimes the presence
of these redox messengers themselves will spontaneously trigger a
receptor to send messages into the cell.
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CHEMICAL BALANCE AND HEALING

The Chemical Balance-How the Body Keeps it all Balanced

Once a protein messenger has delivered its message, it does not
"live" very much longer to continue sending more messages. The cells
manufacture enzymes (protease "break-down crews") that quickly
disassemble the messenger proteins and recycle their parts (Amino
Acids). Thus an adrenaline "burst' lasts only as long as it takes for the
protease crews to break down the excess adrenaline in the blood; after
which the normal adrenaline balance in the blood is restored. ln the
body, the phrase, "killlhe messenger," takes on a whole new meaning.

This process of continuous production and subsequent elimination of
molecules is not restricted only to the messenger proteins. A careful
chemical balance is maintained for hundreds of thousands of types
of molecules in every cell that depends on a stable condition where
the rate at which the molecules are being produced is the same as
the rate that they are taken apart elsewhere. This kind of a balance is
called a homeostatic balance. The secret behind almost all biological
processes lies in how the body works to maintain this balance.

Slck Cell
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When the homeostatic balance inside any cell is disturbed, there is
a either a build-up or a depletion of certain types of molecules. This
growing unbalanced condition triggers the cell to respond. lf there is
a deficiency of a certain type of molecule, the cell can respond by
increasing production of this molecule. lf there is an excess amount
of a certain molecule, it can increase the production of the enzymes
that break down this molecule, thus helping to eliminate the excess.
The cell can also take a more com9lex course of action and send out
messengers that will help conect a possible problem, or it can even
signal for a sedes of more @mplex processes that will help the cell
adjust to adverse conditions. lfthe action is successful, then the normal
balance will be restored and all is well.

One example of this balancing act is "blood sugaf levels. lf the
blood sugar level goes up, then the pancreatic beta cells respond by
producing more insulin- These insulin messengers speed up the sugar
metabolism machinery in the body, causing it to bum some sugar and
store the rest as fat. As the blood sugar level decreases, the rate of
insulin Droduction also decreases. The elevated amount of insulin in
the blood triggers the production ofthe insulin clean-up crew enzymes.
The blood insulin levelwill eventually go back to normal levels as the
excess insulin is broken down and removed by these enzymes.

It is interesting to note that iftoo much sugar is placed in the blood all at
once (dueto eating easily digestible carbohydrates and sugars, such as
white breads and candy bars), the pancreatic beta cells are stressed to
work extra hard and they end up producing too much insulin. Since the
gross excess of insulin takes a while to clean up, it often happens that
too much of the blood sugar is processed and blood sugar levels drop
wellbelow normal. Thisdeficiency in blood sugartriggers the production
of "hunge/' messengers. lf this cycle is continued, it may cause obesity
and may also lead to over stressing and killing the pancreatic beta cells
that produce insulin, causing diabetes (type ll). The body is not built to
handle too much blood sugar allat once.

The key to health is to make sure the cells have the raw materials
they need to maintain a healthy chemical balance in the machinery
that keeps them alive. lf the cells are healthy, consequently the whole
body is in good health. Good health then lies in being able to sustain a
healthy chemical balance.



Of course, it is not possible to maintain perfect health all of the time,
Eventually, some ofthe cells that make up the bodywill be damaged by
injuries, infections, age, the sun, radiation, cold, heat, external toxins
and even physical exertion. ln fact, the cells in the body are undergoing
damage all of the time; thus the body has developed methods to heal
itself and lhereby restore and maintain healthy balance throughout the
whole oroanism.

Redox Regulation of the Healing Processes-New Science

Emerging science from the past five years has solidly established that
the chemical balance of small reactive redox messengers is essential
to the healing process and the regulation ofthe immune system. These
small reactive "redox" molecules participate in the same homeostatic
balancing act that is used to balance the proper amount of the various
proteins inside the cell (as we already have discussed). These "redox"
messengers are constantly being produced, mostly bythe mitochondria
in the cells, and then constantly being eliminated at the same rate by a
variety of protective enzymes (generally called "antioxidants") that are
strategically stationed inside and outside of the cells.

Let us more closely examine these reactive "redox" messengers for a
minute.Theyare madefrom simple rearrangements ofthe atoms in H20,
NaCl and N2 and are put together by special molecular complexes in
the cell. Some examples of redox signaling molecules are H2O2, HO2,
HOCI and NO. About half ofthe redox messengers can be categorized
as 'oxidants" and the olher half, in fairness, can be categorized as
"reductants." "Reductants'is a contrived nickname, the official name
being energetic "electron acceptors." Oxidants, incidentally, can also
be refened to as eneroetic "electron donors" in the same sense.
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R€ductants Oxidants

Not much is said about "Reductants" in the literature. in fact this
nickname was just fashioned to be able to talk about this group of
electron acceptors in this booklet. The basic concept, however, is
very familiar to chemists and physicists. The laws of conservation of
charge, mass and energy dictate that every time an oxidant is made
from a neutral solution, a reductant or combination of reductants must
concurrently be made to counterbalance it. The electron acceptors must
balance out the electron donors. The ability of the resulting molecules
to oxidize or reduce the molecules in their environment is referred to as
the "redox" potential, a key player and motlvator for all of the chemical
reactions that take place in nature.

The name "redox" ltself comes from the ability of these messengers to
"REDuce" and/or "Oxidize" molecules in their environment. Reduction
and oxidation are chemical terms that relate to the Dotential that the
molecules have to "give away" (oxidize) or "accept" (reduce) electrons
to and from other molecules in their environment. As mentioned.
all chemical reactions taking place in the cell depend on this redox
potential in order to happen. Redox messengers have the ability to
change the redox potential of their environment, thereby altering the
chemical reactions that take place. Strong reductants and oxidants can
both be harmful and destructive to the cell if thev are allowed to wander
around at wil l.

The oxidants, in particular, have made a really bad name forthemselves;
several of them are free radicals that have high-energy, unpaired
electrons that will blow apart whatever they come into contactwith (like
tiny molecular cannons). Oxidants will damage DNA, blow holes in
cellular membranes, destroy important proteins, etc. The reductants are
aiso hazardous, they will grab electrons away from molecules (with the
lerocity of small molecular sharks), thereby causing destruction. To be
perfectly clear, reductants are not antioxidants- Reductants are simply
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the chemical counterparts of oxidants (much like acids and bases).
Antioxidants, on the other hand are a class of much larger organic
molecules produced by genetic coding that act as catalysts capable of
facilitating the reverse chemical processes needed to ultimately "untie"
and neutralize both the oxidants and the reductants. Antioxidant cycles
require both oxidants and reductants in order to work correctly.

Let us focus on the antioxidants fof a minute. The antioxidants were
historically considered as the heroes of the cell because they broke
down the harmful oxidants by pulling them in and neutralizing them
together with reductants, leaving just common harmless sea-water
molecules in their wake. Over an antioxidant cycle (some of which
are complex multi-step processes) the oxidants and reductants are
neutralized, however the antioxidant itself remains unchanged, ready
to do it al! over again to the next set of oxidants and reductants- The
antioxidant in this sense is a catalyst that speeds up the neutralization
of oxidants with reductants and yet of itself remains unchanged. You
can think of an antioxidant as a black box: reactive and potentially
dangerous oxidants and reductants go into the box and harmless
neutral sea-water molecules come out.

lronically, the oxidants (that historjcally have been thought to be the
villains) are now seen as central players to the healthy function of the
cells. We have recently learned thatwe would not be able to live without
eitherthe reactive oxidants orthe reductants. The truth be told, these tjny
reactive molecules play an absolutely essential messenger role in our
cells and tissues. The most critical aspect of healthy redox-messenger
balance is in that the oxidants and reductants must be oroduced and
eliminated in perfectly-balanced and equal portions. As long as there
are eoual oortions of oxidants and reductants in the interior or exterior
of the cell, the antioxidants can readily neutralize them both as fast as
they are created. As discussed, the antioxidants need equal portions of
oxidants and reduclants in order to function.

Examoles Svmbols
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In the case of Glutathione (an abundant antioxidant made in our cells),
the large mouth of the relatively huge antioxidant moiecuie lures in a
reductant (that is electron hungry) and then lures in an oxidant (that
has an energetic electron to donate) and then pulls them both together
into the "active site" in the middle. At the active site, the reductant and
oxidant are combined together, neutralizing them both. The resulting
harmless molecules float away- The antioxidant is then free to do it
all again. lf there is an ample supply of reductants and oxidants in the
neighborhood, one antioxidant molecule can typically neutralize tens
of millions of oxidant molecules every second, as measured in the lab.

The antioxidants are purposefully manufactured, sent to and positioned
around the areas of the cell, such as the nucleus, that are vulnerable
to oxidative damage. As equal portions of oxidants and reductants
approach these protected areas, the antioxidants standing guard around
these areas pull them in and neutralize them both. The antioxidants
are thus able to keep these potentially harmful reactive molecules
away from protected areas and corral and use them for their own best
purposes. Consequently, the immune system uses large amounts of
such oxidants, along with skong demolition enzymes, as its weapon
of choice against harmful invading bacteria and viruses. The foreign
invaders do not even stand a chance against these potent weapons.
After the invaders have been torn apart and deskoyed by the enzymes
and oxidants, the surrounding antioxidants standing guard and other
enzymes clean up the mess, toxins and hazards.
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The key to understanding how this redox balancing process helps the
body heal itself comes when considering what happens when the cells
become damaged or defective for some reason or another. There are
thousands of different processes with thousands of different proteins
taking place everywhere inside the cell. When something is notworking
right, how does the cell detect the damage? The answer lies in the fact
that as the normal homeostatic balance that exists in healthy cells is
disturbed, somewhere in the cell there is either a build-up or deficiency
of the normal quantity of proteins. There is a high probability that this
growing imbalance will at some point make the metabolism of sugars
less efficient. When this happens, the redox-messenger production in
the mitochondria becomes unbalanced, producing many more oxidants
than reductants or vice versa. ln otherwords, the damage will ultimately
manifest itself as a build-uo of oxidants or reductants- This condition is
called "oxidative stress" and is a real phenomenon seen (under the
microscope) to occur in almost all defective or stressed cells (in both
animals and plants).

An imbalance in the redox messengers, usually manifesting itself
as oxidative stress, sends a clear signal that damage has occurred
somewhere and that the cell is defective. The excess oxidants are
not balanced by reductants and cannot be effectively neutralized by
antioxidants. These oxidants end up causing even more damage lo
other parts ofthe cell. This clear signalfor help causes the DNAto code
for the "fix-it crew" and cytokine messengers that are sent out to alert
the immune system. lf this imbalance (oxidative stress condition) is not

Sick cel l
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corrected by the attempts of the lix-it crew, the oxidants continue to
build uD. Then after about two hours, the fatally damaged cell starts a
"programmed cell suicide" cascade (apoptosis) thatwillend up withlhe
cell iilling and dismantling itself. This is not a bad thing. Normal healthy
neighboring cells willthen be able to divide in orderto fillin the vacancy'
On the microscopic scale, this is essentially the healing process

The oxidative stress condition in a stressed or damaged cell also
causes the DNAto code for messengers to be s€nt to neighboring cells,
advising them of its condition. Redox messengers can also be used
as these intercellular messengers. lf the damaged cell, such as those
found in tumors, is not able to kill itself, then its neighboring healthy
cells will send back "death domain" messengers as well as distress
messengers to the immune system that will either cause the damaged
cell to die or to be attacked by the immune system. This system is
regularly used to detect and destroy practically all of the damaged and
dysfunctional cells in the body. Remember, it only takes one undetected
dysfunctional cell, out ofthe trillions that are successfully detected and
killed, to start seeding an abnormal growth.

Constant Healing Keeps the Body Healthy

Life is resili€nt. Even in lhe face of constant onslaught, it is able to fix
itself one more time than it becomes broken. This is especially lrue for
the cells inside our body. The micro machines that sustain life inside
our cells are constantly becoming broken. They all are expendable and
easily replaced as long as the DNA is able to code for more of them to
be made. lf the DNA gets broken, however, it needs to be fixed before
the cell divides and thus replicates the damaged DNA.

It might be surprising to some, but DNA damage
is occuning millions of times every second inside
every cell in our bodies. DNA repair molecules are
constanlly busy repairing the DNA in the cell. They
travel along the DNA looking for damage. Once
found, the damage can almost always be llxed.
As a survival measure, the coding on the DNA is
written in several places; it is redundant. The repair
molecules use this redundant coding as a template



to lix the damaged DNA. When important parts of the DNA are not
able to be repaired, then the cell cannot manufacture the proteins it
needs to stay in balance. Oxidative stress then results and the whole
dysfunctional cell is detected and killed. We have already argued lhat
Individualcells are also expendable and can easily be replaced.

The process of constantiy replacing damaged cellular machinery is
paramount to keeping us healthy on the cellular level. And if you think
about it a bit, it is also paramount to maintaining our health on a larger
scale. The cells are bound together into tissues, lhe tissues are bound
together into blood vessels, organs, bon6s and muscles, elc. lt is the
collaborative effort of tillions of these cells that keep us healthy. lf we
lose our health, it can always be attributed to a group of cells that have
been damaged or are not functioning properly. The constant repair
efforts made on a cellular level are essential to our health. Without
these constant reoair efforts. we would not survive for more than iust a
few hours.

Large€cale Healing-an Extenslon of Cellular Healing

Normally when we think of healing, howevec we ihink of the everyday
experiences we have when damage occurs somewhere our body that
we can see and feel. lf w0 cut our finger, for example, the wound goes
deep into several layers of tissues, severing blood vessels, damagjng
millions of different kinds of cells. Bacteria and viruses are probably
introduced into the wound. Large-scale repairs need to be made. Let
us examine these repairs in light of what we have leamed about the
healing process of cells.

Even though millionsof cells have been damaged, the cellular response
is similar Each ofthe damaged cells responds by building up oxidants,



as already mentioned. This oxidative stress condition is now wide-
spread over millions ofcells and creates a huge redoxsignal, the amount
of redox messengers in the region explodes and signals the damage
in a big way. These abundant redox messengers, signal the smooth
muscle cells in the veins to contract, closing off the cut and bleeding
blood vessels. Since oxidants kill bacteria and vlruses, these redox
messengers also provide the first line of defense against viruses. The
redox messengers also cause inflammatory cytokines (messengers)to
be released that call for the surrounding tissue to inflame and redden
by the increase of blood flow.

Redox messengers also call the immune system into action. When
the immune cells (white blood cells or leukocytes) rolling along the
interior of the blood vessels come into a region where there are a large
concentration of redox messengers and inflammatory cytokines, they
will be signaled to start a process that allows them to seep through the
blood vesselwalls and move into the damaged tissue where they can
"eat'bacteria and clean up damaged cells and toxins. The immune
cells follow the redox messenger signal trail into the most damaged
areas. There the immune cells will often sacrifice themselves in the
battle (pus is mostly a mass of dead white blood cells). Several other
types of immune cells can also join in as will be explained later

When allofthe damaged and dead cells have been repaired or cleaned
up, the level of redox messengers (oxidants) returns to its normal
balanced state and the inflammatory cytokines are cleaned up. When
this happens, the normal healthy cells can sense that there is gap
where the missing cells used to be. They can detectwhere the vacancy
is because they are not receiving the customary messenger chatter
from all oftheir neighbors.

These cells now send out long tiny fibers called fibroids in order to
find thelr companion cells on the other side of the gap and reestablish
communications. This process is interesting lo watch under a
microscope. The tiny fibers branch out from both sides of the cut and
move around until they encounter the fibers from the same type of
cells on the other side. When these fibroid communication lines find
each othe( they link together and tighten up to pull the gap closed. The
healthy cells on both sides of the gap divide inward toward each other
in orderto replace the missing cells. This process ends when cells from
both sides ofthe gap have divided unti lthey meet in the middle and all
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the cells detect their normal group of neighbors. Part of the mass of
fibroids sometimes remains in the form of scar tissue.

Blood vessels also must be regenerated as part ofthe healing process:
this is yet another part of the healing process (called angiogenesis)
that involves redox signaling. Cells that are oxygen starved wi also
develop oxidative stress. The newly forming tissue does not yet have
a blood supply and soon becomes oxygen starved. The resulting
oxidative imbalance €uses redox and other messengers to be sent
out that stimulate blood vessel growth. When a nearby blood vessel
receives these messages, it buds off a branch and generates a new
growing blood vessel that snakes off in pursuit of these redox-induced
messengers. Soon the growing vessel will worm its way past the
oxygen-starved cells. Eventually the g.owing blood vessel will meet up
with veins and complete the blood flow chcuit. The previously starved
cells are then satisfied and return to their normal balanced state.

It is interesting to note that blood vessels regenerate the same way as
all tissues regenerate. It is mostly based on the same simple guiding
principle: A cell is triggered to divide and replicate itself if jt detects
that it is missing one or more of its neighbors (from the tack of normal
intercellular messaging chatler). Cells then divide to replace their
missing neighbors. The balance of redox messengers, as we have
seen, plays a role in this process. A proper redox balance enhances
th€ normal signaling process that takes place between similar types
of cells, speeding up the detection ol missing gaps and thus speeding
regeneration. Blood vessels are tubes that have several layers of
different types of tissue, epithelial, smooth muscle, endothelial, etc. all
curled into a tube. lf a blood vessel is cut, then all of the cells on the
circular bleeding edge ofthe tube willstart to divide and grow extending
lhe lube until it finds another blood vessel to tap into. This sort of
tubular groMh is also stimulated by the redox-induced messengers
from oxygen-starved cells, as already mentioned.

The innermost layer of the blood vessel (formed from endothelial
cells) is especially sensitive to redox signaling. In fact, this thin layer
converts the redox signal (an excess of oxidants) into an electrical
signal that very rapidly travels along the blood vessels, forming a
kind of secondary "neryous" network that can rapidly identify cellular
damage in its neighborhood. This innermost layer of endothetiat ce s
in the blood vessels is the same one that forms a selective barrier that



serves to allow the passage of nutrients, oxygen and immune cells from
the blood into the surrounding tissues. This blood-vessel network can
actually amplliy the redox messenger signals sent from the surounding
tjssues. Thus both the neighboring cells and the blood vessel network
work together to heal tissues when cellular damage is detected.

It becomes especially serious in cases where the mitochondria are
permanently damaged and shut down. Since the mitochondria are

THE IMMUNE SYSTEM'S ROLE IN HEALING

Things That Threaten Our Health

Infections are the most common cause of poor health and death.
The toxins that are in our environment along with the toxins that are
created by micro organisms are also a major conkibutor to poor health.
Of course, injury from accidents, burns and lack of oxygen or lack of
essential nutrients also play a major role. lf you have experienced any
of these, then you have seen the immune system in action as your
body heals itself. On a cellular level, bacteria and viruses attack and
eventually kill cells. Toxins, bums and injuries, by thek very nature,
damage or interfere in the healthy functioning ofcells. In fact, everything
that causes poor health can ultimately be lraced back to damaged or
dysfunctional cells.

One source of poor health is not as obvious but is eouallv as lethal.
We have mentioned that the DNA that builds, regulates and controls
the machinery in our individual cells is constanty being damaged and
repaired. Over time there is a greater and greater chance that DNA
damage will occur that somehow escapes repair ln order to bypass
the damage detection and repair mechanisms, as already described,
such damage cannot change the chemical balance in the cell to the
poant where it can be detected. lt simply makes the cell less efficient,
As the inferior cells divide and make copies of themselves, this DNA
damage and its accompanying inefliciency are propagated. This is the
cause of aging, according to many popular theories. What is worse,
these inefficiencies can cause mild oxidative stress, generating excess
oxidants that cause even more damage and in turn help accelerate the
aging process,
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the hubs for the redox signaling messengers (the sentinels of cellular
health), once they are shut down the redox signaling network is no
longer active and the cell cannot adequately detect when damage
has occurred. As these dysfunctional cells are not able to detect or
correct their deteriorated condjtion, not even by killing themselves, they
become "immortal" and over time will further deteriorate, becoming
worse and worse without even knowing it. This can result in a pre-
cancerous condition called "dysplasia," thus called because as seen
under a microscope the regular cell patterns are displaced and uneven.

Tumors may start to form if one olthe dysfunctionalcells gets damaged
to the point where it is not able to receive the normal messages sent
from its neighbors. Without its neighbors to keep it in line and give
it identity, the cell may start to divide irregularly. lf one of these cells
gets really bad, it may start dividing without boundaries and become
malignant. Cancer is the result. This is especially insidious because the
type of cancer cell depends on what kind of cell it originated from and
the type of damage it has sustained. Thus, there are l iterally mill ions of
differenttypes of possible cancercells, requiring many different methods
of treatment. As such, there is no universal cure for cancer, but lhere
are effective ways to lessen the chance that it happens, for example by
minimizing lhe average amount of DNA damage that occurs.

Major Actors in the lmmune System

It comes as no surprise that in order to understand how the immune
system helps eliminate the threats to our health, we must again place
our focus on the cellular level. The actors of the immune system, after
all, are cells that are designed to go around and eliminate the threats
to our healthy cells. They play by the usual set of rules that all other
cells do. Most ofthem have their origin in the bone marrow in the upper
legs and pelvis. Interestingly enough, most immune cells are born as
the same type of "stem" cell and then develop into different kinds of
immune cells as they "mature," depending on where they end up in the
lymphatic system. There are a number oftypes of immune cells most of
which can be placed into tlvo different categories: lhe helper cells and
the kil ler cells.

The Helper cells-identify the threat using molecular "fingerprinting"
and tagging techniques.



HelperT{olls Dendritlc Colls

All c€lls and viruses have groups of proteins placed on their outsr
surface that can act as tiny molecular "fingerprints.' Pattern recognition
receptors (PRRS) on the immune system's helper cells help them to
identify and tag potential objects that might be a threatto cells. But, there
are far too many different kinds of'bad" bacleria and viruses to keep a
catalog on each one in every helper cell. Besides, bacteria and viruses
often mutate, changing these idenlification pattems. Therefore the
helper cells need to be able to dynamically adapt, in order to accurately
calalog and tag all of the invaders they come into contact with.

Certain helper cells, called memory cells, retain the patterns that have
caused the immune system to respond in the past, As the recently
formed helper cells mature,lheyalso must go through intensive training.
In this training process (at the thymus gland), ifthey mistakenly identify
even one "good" cell as a threat, they are destroyed. This tough training
technique prevents the mature helper cells from identifying our body's
own colls as a threat. The helper T-Cells generally go around with the
kill€r cells and help ihem to identify the threatening invaders and the
dysfunctional cells on.site.

The B-Cells have a slightly different function, They manufacture
antibody'tags" for the threatening invaders that have already been
identified. These antibody tags are designed to float around in the
blood and tissues and attach themselves to the specific threatening
invaders. When B-Cells find a threal, lhey build a customized antibody
tag factory inside themselves and then multiply rapidly creating millions
of copies of themselves along with their antibody tag factories. lf they
are successful, the manufactured antibodies float around and tag all
of the invaders. The killer cells have no trouble identifying the tagged
invaders. The dendritic helpercells are a bitmore myslerious, itappears
that they are efficient in identitying the front-line invaders and aiding lhe
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helper cells to spread the news faster in the nose and lungs where the
enemy often first lands.

The Killer Cells-have strong oxidants and enzymes designed to tear
apart and "digest" the threat.

Macrophagos NeutroDhils Natural Klller Cells

The kil ler cells are the "big scary demolit ion cells" in the body. lf they
find something that has been marked for destruction bythe helper cells,
they wil l either wrap themselves around it and digest it wilh a lethal
mix of oxidants and enzymes or they will latch onto it (if it is too big)
and burn holes in it with their special lethal "mix." These cells have a
voracious appetite and will often gorge themselves to death when in the
thjck of battle. Since these kil ler cells use oxidants to kil i  their prey, the
left-over oxidants will act as redox messengers that can further call for
inflammatory cytokines as well as a signal to bring in more kil ler cells
as backup. The signaling process that activates and regulates immune
system response wil l now be examined in a bit more detail.

How the lmmune System Actors Work Together

Let us imagine for a moment that we were able to see what happens
during a bacterial infection with our tiny camera, as if in a film
documentary. We can imagine that we have discovered some e-coli
bacteria, shaped like fat little sausages, that have made it through a
scratch in the outer dead layers of the skin. Three of the bacteria have
Ianded on a nice moist skin cell and the saga starts. In this environment,
the bacteria can thrive: we notice them as they start to divide and grow,
like l inks of sausage budding off and spreading over the cell. The
bacteria are not smooth. they are undulating with internal activity and
start to grow linle strings that branch out like roots and penetrate the



outer cell membrane. The skin cell's rough surface begins to cave in as
the bacteria's enzymes start digesting itfor food and building materials.
The damage starts to take its toll on the skin cell.

Inside the skin cell, business as usual has been interrupted by the
intrusion. The increasing number of bacteria are destroying many
of the micro machines near the surface that the cell needs in order
to live, this causes a disruption in the balance of protein and sugar
supplies and affects the cell's metabolism. Oxidants start to build up
in the cell. This oxidative stress is the first signal to the nucleus that
something bad is happening. The nucleus responds by coding for
enzymes to digest the destroyed areas, antioxidants to protect against
oxidative damage, repair molecules to fix the damage, micro machines
to replace the destroyed ones, among many others. These efforts are
in vain, the bacteria are dividing too quickly. Soon the level of oxidants
has increased dramatically, signifying that the battle is being lost.

The skin cell goes into emergency mode. Inflammatory cytokines (like
NF-kappaB) are now being produced to signalthe neighboring cells that
there is a possible invasion. The neighboring cells respond by starl ing
to inflame, and by sending back cytokine messengers. The bacteria
have now spread to some of the neighborjng cells, where similar action
is being taken. The progress of the bacteria is now a little slower as
the oxidants and inflammatory countermeasures are making it more
ditflcult for the bacteria to take hold and thrive. There are now hundreds
ol bacteria, only a few of the bacteria have succumbed and died, The
inflammatory cytokine messengers enabled by the redox messengers
now have made it into some of the surrounding blood vessel capillaries
that are supplying the cells. The local blood vessels respond by
expanding and letting more blood into the region.

Inside the blood vessels, immune cells, leukocytes, are roll ing along
the inside wall of the vessel. As they roll by the region of infection, they
encounterthe cytokines and redox signaling messengers that are being
sent through the walls ofthe blood vessels from the distressed cells. The
immune cells quickly respond and start to change drastically. They stick
to the inside of the blood vessels and flatten out as their cytoskeletons
are coded to be dissolved. Openings between the cells that form the
blood vessel linings (ordered by the redox-induced messengers) make
it possible for the now-more-liquid immune cells to seep out of and
escape the blood vessels. These now-sticky liquid immune cells now
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are creeping lhrough the jungle of surrounding skin cells, being led on
by the cytokine messengers coming from the distressed cells.

As the immune cells encounter objects, they are constantly running a
"fingerprint' pattern checkofthe proteins on the exteriorofthose objects
(by a micro machine called the 'major histocompatibility complex") in
orderto determine ifthese pattems profile a friendlycell.As long as they
encounter friendly cells, theirjoumey will go on to the next cell. When
they encounter a bacterium, though, it soon becomes obvious that it is
not a friendly cell. This along with the high concentration of oxidants
(redox messengers) and other cytokine messengers in the area,
indicate thatthey have found the enemy. This killer cell now engulfs the
bacterium, and depending on the intensity ofcertain messengers in the
environment, will fire its primary weapon on the enclosed bacteria, a
lethal mixture of highly reactive molecules and oxidants.

The membrane of the bacterium succumbs, it is quickly torn apart.
The digestive enzymes of the immune cell's "clean-up crew" llnish it
off by breaking down and recycling the proteins that once formed the
bacterium. Surrounding antioxidant guards make sure that none of this
lethal oxidant mixture does damage to the immune cell itself, they also
help clean up the mess. Fragments of the destroyed bacterium, those
with its identifying marks, are tagged and released, along with the rest
of the remains. These identifying fragments will be used by the helper
cells, coming along late( to better identify and catalog the enemy. As
the debris is released, the left-over oxidants join the redox messengers
that signal that a battle is taking place. This signal intensifies the call for
backuD and helos other immune cells to be led to the iront line.

So far we have only documented the action of the'innate" or non-
specific response of part of the immune system. The story is far from
being over. The identifying fragments from the destroyed bacteria that
are released initiate the 'adaptive" or specific response. The B-Cells
use these lD fragments to build antibody factories that manufacture the
custom-built antibody'tags" that will be released into the body. These
tags are designed to stick onto only the invading bacteria- They make
the killer cell's job to identify the invaders much easier

Helper T-Cells will use this identifying materialto assistthe killer cells also.
Helper T-Cells stand by the killer cells and send messages to intensify
their attack when the invaders match their identirying marks. Both the
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helper T-Cells and Helper B-Cetts, as they are being activated, replicate
themselves along with the identifying kit that they use to single out the
enemy. Soon a veritable army of immune cells is primed and readv to
attack lhe bacteria on contact. wherever they might be found in lhe b;dy.

When allofthe invading bacteria have been neutralized, the messenqers
that call the immune system into actron gradually disappear. The redox
and cytokine messengers that were generated from the damaged
cells are neutralized; no more of these messengers are ac vely being
produced. The immune cells that survived the batfle and are no lonqer
needed wrll mostly die otl. A few of the memory B-Ce s will rem;in
to keep the identity of the past invader in the archives, readv to be
retrieved if there happens to be a re-infection in the future. The cells
around the missing tissues start to divide and fill in the voids with new
cells and everything returns to the standard normal operating routine.

Certain ammune cells, such as the Natural Kil ler cells and Granulocytes
can also detect and attack friendly cells that have been damaged beyond
reparr or are houSing a maliciouS virus. Again, the redox signaling lhat
generally indicates cellular damage plays a major role in activating and
coordinating these immune cells attacks

On occasion, the immune system will make a mistake and identify a
healthy frjendly cell as a target. lt can also identify inert foreign objects
(l ike pollen) as enemies. This is very unfortunate because as the
rmmune system is scrambled to attack the harmless objects, swell ing,
Inflammation and discomfort result. Even serious damage to the healthy
lssue can be sustained by a large unnecessary attack of the immune
system kil ler cells. What is worse, the identif ication markers of lhe
trendly objects wil l be added to the memorized list of enemies so that
n henever these harmless objects return, the immune system will attack
:-em. As can be guessed, this is the reason we have allergies to certain
::_ects (such as pollen). Othef more painful conditions occur when the
-:rune system is trained to attack our own friendly cells. Autoimmune
: -:.rders such as arthritis, lupus and ulcerative colitis are the result.

' ,: have seen that the immune system's helper and kij jer cells work
::.;::her about the same as any other cells do. Their action at any given
:r-E and place is determined by the signaling messengers that lhey l lnd
: '--: i '  environment. The interesting thing about the immune cells is that
:E,, .3ve some pretty 'awesome" lools and weapons to work with.



The lmmune System's Weapons-
How the Body Keeps it all Wrapped Up

The immune system totes some of the most potent cellular weaponry
around. The molecular (NADH) complexes can fire offlarge amounts of
oxidants (with iree radicals) that are very effective at destroying alltypes
of organisms. For this reason, lhe trigger for this weaponry is closely
guarded. Part of the reason why helper T-Cells are needed to identify
the enemy and send messengers to the killer T-Cells to trigger such
weapons, is because serious damage could be done by rogue kil ler
cells ifthey had controloverthe trigger and then started to malfunction,
firing indiscriminately into a crowd of innocent cells.

The other safeguard that the body has against the misuse of "military
power" is found in the defense capabilities oflhe antioxidants and other
protective enzymes. Even if fairly large amounts of the highly reactive
molecules used in theseweapons are released, theycan be neutralized
bythe antioxidants that are employed to stand guard around the healthy
cells, as long as an adequate supply of reductants is on hand to arm
them. ln a sense, the reductants are the ammunition that antioxidants
need in order to neutralize the oxidants.

Asyou recall, a healthy balance of reductants and oxidants are produced
in large amounls by the mitochondria that exist in every cell. Healthy
cells have no problem controlling the distribution of these potentially
harmful oxidants and reductants because antioxidants stand ready all
around the cell lo neutralize them. In healthy cells, the anlioxidants
have an adequate supply of the reductants they need in order to keep
the oxidants under conkol. The whole game of cellular health revolves
around being able to maintain a healthy balance of these reactive
molecules. They must be able to be eliminated at lhe same rate that
they are produced.

lfa cell is not able to maintain this healthy balance, forwhatever reason,
it is officially sick and the build-up of oxidants and the resulting harmful
imbalanced mixture of reactive molecules wil l eventually set things in
motion that will call in the services of the immune system to eliminate
the threat. This is the beauty of the immune system, it knows how to
juggle its knives very well. When things gel out of balance it is these
very'knives" that help eliminate the problem.
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In Summary: The lmmune System's Response to a Threat

The immune system in higher vertebrates is complex and highly
developed and yet it is builtaround principles that exist in even the most
primitive species and plants (plants really do have an immune system).
The innate immune response in plants and in lower and higher animals
depends on a redox signaling process (messengers of distress) to help
the organism identify and destroy its enemies. The principle is simple:
if anything foreign causes enough damage to result in acute oxidative
stress, as explained, then it is an enemy.

It is convenientthat the redox messengers (the oxidants that signalthat
damage has occurred) are also the most potent oxidative ammunition
available with which to load the cannons and kill the enemy. The
presence of all these harmful oxidants, though, requires that these
forms of life produce a complement of antioxidants with the ability to
neutralize any stray oxidants before they can cause damage to the
organism itself. The antioxidants found in plants, by the way, are not
necessarily the same as those used in higher life forms. Eating a berry
that has plant antioxidants will not generally supplement the native
antioxidants utilized inside your cells. Plant antioxidants, however, can
be helpful as they can make it into your blood and help reduce the stray
oxidants there. Note that some antioxidanls. such as vitamin-C, are
indeed able to be absorbed by tissues.

In humans and higher vertebrates, there are a variety of antioxidants
and "clean-up-crew" enzymes that clean up the toxic mess once the
battle is over. In these higher animals, there also exists an intricate
adaptive immune system that can use the remaining scraps from the
battle to identify, tag, and keep a list of harmful foreign invaders. This
allows a quicker and more specitic immune response, overall, and
thus a higher survival rate. One drawback of this improved immune
system, none-the-less, as that friendly and inert objects can mistakenly
be identif ied as enemies.

One powerful advantage that the redox signaling syslem offers is a
clear indication that the battle has been won. When the oxidative stress
condition subsides, it is a sign that the battle is over and is a signal to
start rebuilding. In the process of regeneEting the lost tissues, these
redox-induced messengers are used again to help the newly forming
tissues signal that they need oxygen and nutrients. These messengers



then spuf on the vascular growth needed to feed these new tissues.
The healing process is beautifully simple in principle and amazingly
complex in its application. Cells must be able to identify when they
are in distress and then call up the approprlate action to correct the
situation. Stress leads to imbalance which in turn leads to the action
needed to reestablish balance. The ability to maintain balance is an
essential ingredient of life.

NEW INSIGHTS-THE FRAMEWORK OF THE BODY'S
NATURAL HEALING PROCESS

It as now time to take a step back and look at the whole developing
picture. We have already assembled many of the edge pieces in
the puzzle and put together some of the more obvious patterns. We
have also placed some more pieces in this framework and examined
where they might go. What do we see when we step back and stare
at everything we have assembled so far? Let us look at this picture in
the light that the revealed mysteries of how the body natura y heals
itself will unlock the secrets ofsustained health for us and the followino
generatons.

l\,4uch of the material in this chapter should sound familiar. lt is a just
recapitulation of the major points in this booklet a written in a few
pages so that the overall pictufe becomes clearer.

Detecting and Locating the Damage Zone-Redox Signaling

We see a pattern: in order for the body to heal itself it must be able to
detect and locate the damaged cells. This task goes to the cellular-
dastress messengers. These messengers are sent out in response to a
distress condition inside the cell. This distress condition occurs in the
cell when something interferes with the normal cellular processes and
disturbs the normal homeostatic chemical balance. This homeostatic
chemical balance depends on the cell being able to constanfly produce
the thousands of critical molecules it needs and then being able to
break them down at the same rate that they are being produced. When
this balance is disturbed, certain molecules are either building up in
the cell or becoming depleted. These excesses or deficiencies cause



transcription-factor messengers to be sent into the DNA that change
certain production rates that hopefully will ultimately compensate for
the imbalance. Sometimes the response includes an increase in the
amount of messengers sent out to signal this condition to other cells.

We start to see that wherever we look, the most reliable indicator of
cellular distress is the build-up ofoxidants in the cell, a condition called
"oxidative stress" that occurs universally, even in different species and
plants. The simple reactive oxidants and reductants produced in the
cell are formed from the sea-water molecules that llll our cells. These
small reactive molecules have the capacity of strongly affecting the
redox potential of the sea-water environment where all of the complex
processes of life take place. They are the redox messengers that
send the redox signals governing much of the healing process. These
reactive molecules are mainly produced in the mitochondria during the
metabolism of sugars in the same process that produces the ATP that
fuels the cell.

The antioxidants that the cell manufactures in order to break down
these reactive molecules are very plentiful, ubiquitous all throughout
the cell. The primary function of the antioxidants is to combine and
neutralize equal quantities of reductants and oxidants and keep them
from damaging the sensitive areas of lhe cell. It soon becomes clear
that these small reactive molecules, a balanced mixture of oxidants
and reductants. are critical to the prooer function of the cell and even
more essential to the damage control mechanisms that exist inside and
outside ofthe cell.

The Cell 's Response to Damage

Careful research has been done on the effects of oxidative stress
resulting from cellular damage. The overabundance of oxidants (ROS)
in the cellular environment has been shown to activate several genetic
buttons on the cell's masler control panel. Some ofthe buttons pressed
are shown below (in approximate order of activation):

. DNA Repair Button - Sends out the DNA damage detection
and reoair crew
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. Antioxidant Boost Button - lncreases Droduction of
antioxidants

. Stronger Intercellular Communication Button - Puts up
skonger comm. l ines

. Increase Blood Supply Button - Opens local blood vessels
wr0er

. Stronger CellAdhesion Button - Sticks the cells together
stronger

. Inflame Tissues Button - Stops the spread of damage to other
cells

. SecreteAntibiotics Button -Antibacterial countermeasures
deployed

. Stop Cell Division gutton - Shuts down the cell's ability to
reolicate itself

. Send Distress Call button - Sends a distress siqnal to the
immune system

. More Energy to Repair Crew Button - Diverts more energy to
reoarr orocesses

. Prepare Cell for Shutdown Signal Button - Polls neighbors
for final decision

. Master Shutdown Button - Kill and dismantle the cell

lf the oxidative stress condition is fixed by the repairs, then the DNA
does not continue pressing more buttons; in fact it starts deactivating
the buttons already pushed and returns to normal operation, lt would
be nice if we could press a few of these genetic buttons even if there is
no oxidative stress; the "Repair DNA" and 'Antioxidant Boost' button,
for example, look pretty good. Perhaps we could take an "Antioxidant
Boost" pil l that would do thejob. We willdiscuss some ofthe possibil i t ies
later on.



Cleaning Up the Mess

Let us take a look once more at the cell's clean-up crew and how
important they are to the healing process. These special enzymes
(proteases and antioxidants) are made to rip apart the molecules that
make up the micro machinery, messengers and reactive molecules of
the cell and recycle their pieces. Without them, garbage would build up
everywhere inside and outside ofthe cells and the cells would soon die.
Besides, the homeostatic balancing act inthe cell absolutely depends on
them. The cell is constantly manufacturing new molecules and requires
a crew to take the old ones apart in order to maintain this balance.

The clean-up crew also has the job of cleaning up all of the "toxins"
(left-over proteins) after the immune system or programmed suicide
has kil led invaders or dysfunctional cells. In this sense, they form an
essentaal part of the immune system also.

Regeneration of Lost Tissues

Afterthe damage has been cleaned up and the oxidative stress condition
has been corrected by eliminating the excess oxidants, there is sti l l the
job of replacing the cells that have been lost. You get the mental picture
of many rows of ordered cells with holes and large gaps in them where
cells have died and been cleaned up. The reconstruction is done by the
cells that are surrounding the holes and gaps. Since cells are constantly
sending messages back and forth between neighbors, they notice when
one oftheir neighbors is missing. Afterthe emergency distress condition
is over in the neighborhood, the intercellular communication channels
are reinforced and the holes become obvious to the neighboring cells.
The cells are also free to divide and reproduce again,

Atthat point, the healthy neighborjng cellsstartto divide in orderto fi l l in
the gaps, reconstructing new tissues as they go. lf ample blood supply
s not available for the new cells, they send out distress messengers
lhat wil l cause new blood vessels to grow to supply them. The job is
:one when each of the cells is surrounded by their regular group of
.eighbors. This same simple reconstruction condition also applies to
!fowing tubular blood vessels that supply the cells, the ring of leading
:€lLs wil l continue to divide and build the vessel unti l i t encounters
:-other blood vessel to l ink into.



Oxidants Play a central Role as Messengers

How interesting it is when we can trace all of the complex mysteries of
the healing process back to a simple set of rules that each of the celts
follow. How interesting it is to discover the huge and important role that
oxidants and antioxidants have in this healing process. When damage
occurs, the oxidants become the red flags that mark out where and how
much damage has been done. Whatwould happen ifthe oxidants were
not there to flag the damage?

Toxins, radiation, infections, cuts, scrapes, bruises, oxygen starvation
and any other form of damage would go undetected and be neglected
without oxidants. Healing would be impossible. lt is this continual balance
between the production of oxidants and reductants and their eventual
elimination bythe antioxidants that allows the cells to react to the damage.
It is the response to the resulting imbalance of oxidants (or oxidative
slress) that allows the cells and tissues to respond and heal themselves.
This is the new picture emerging from the biosciences on healing.

PRACTICAL APPLICATIONS BASED ON
NEW INSIGHTS AND TECHNOLOGIES

A New Platform for Therapeutic Development

lmagine the profound implications of being able to manage and control
the healing process. The knowledge that we are gaining through
emerging science will soon give us the power to do this. The current
state of medical science is based on finding and exploring molecules
and protein messengers thatcause beneficial responses in the body. On
rare occasaon, a researcher will find a molecule that is safe to introduce
into the body and that also has a beneflcial effect for a specific medical
condition. lt is extremely rare to find a molecule that has applications
fof a broad range of medical conditions. Penicillin is an example of an
extremely rare find. lt is a substance that is designed to ki a broad
range of bacteria without causing serious side effects in the body. This
kind of technology opens up a whole new "platform" on which to build
a broad range of medical applications. In the case of penicil l in, a whole
new lleld of "miracle drugs" was opened up that was beneficial against
several types of infectious diseases.



The emerging science of redox signaling regulation has the potential
lo open up a very broad and fruitful field of possibilities in all llelds
of medical and nutritional science. lt represents previously unexplored
pathways where families of redox messengers can be used, possibly in
conjunction with other messenger molecules, to affect a broad range of
healing and immune function in every part ofthe body.

The Fundamental Nature of Redox Signaling

The emerging field of redox signaling deals with biological redox
messengers that are absolutely fundamental to the healing process in
all higher forms of life. lf this field can be exploited, then the benefits
would be as broad and far-reaching as could possibly be hoped for
Oxidative stress (the accumulation of oxidants), for example, manifests
itself in almost every known health condition. Starting with the brain:
brain damage from strokes or head injuries, neurological deterioration,
addiction and alcohol withdrawal symptoms, seizure triggers and so
on all are related lo excessive oxidative stress and associated brain-
cell death. Skin damage, infectjons, aging and tissue degradation
all have oxidative stress at their root. Organ damage, digestive
problems, autoimmune problems, allergies, nose and throat conditjons,
cardiovascular problems and abnormal growths all have been linked to
abnormal oxidative stress conditions. And the list goes on and on.

Although the potential is there, there are several hurdles involved
with the practical development of these redox signaling technologies.
By their very nature, redox messengers do not fit the model for
traditional therapeutic development. They are unstable, reaclive, toxic
(if unbalanced or contaminated), and they involve a balanced mixture
of several different kinds of reactive molecules. These qualities make
them hard to produce, package, transport and get into the body. These
hurdles are not insurmountable; literally hundreds of researchers are
working on these problems alloverthe world. Afew ofthese researchers
have been able to stabilize nitric oxide (an oxidative component) with
molecular comDlexes that are stable for severa I secon ds and able to be
absorbed and effective against leukemia cells in the laboratory.

The innate toxicity of the individual reactive molecules presents
another hurdle. Yet on closer examination it becomes clear that the
native balanced mixture of oxidants and reductants that alreadv exist



in large quantit ies in the cells are non-toxic as long as the proper
balance between oxidants and reductants is maintained. That is to
say, individually the components can be harmful, but when properly
combined together, there are enzymes that can break them down and
render them harmless. This is not a new concept. l\4any of the plants
we use as foods have molecules in them that would be toxic if isolated,
but when intimately combined with the rest of the molecules in the
food, they are rendered harmless and even beneflcial by digestion. The
body is built to handle natural foods as whole entities. lf you were to
isolate all of the individual molecules of the food you eat and eat them
separately, as little mounds of powders, you would probably get very
sick. To avoid toxicity, it is best to mimic or utilize the same balanced
mixture of molecules as found in nature

The next hurdle is put there by regulatory agencies because redox-
signaling compounds do not fit into the traditional molds of regulated
therapeutic substances. lt consisls of balanced mixtures of several
reactive molecules and has a very broad base for bioactivity in the
body. There is no classification for it and no standard way to evaluate it.
It is like my wife's chicken soup. lt is great stuff, it can cure the common
cold, but it is practically impossible to chemically isolate the active
components that make it work. And even if you could isolate them,
there would probably be more than ten active components working
in tandem that make it work and as such would still be categorically
rejected as a therapeutic. Fortunately, in the United States, I can still
buy chicken soup as long as it is sold as a food and not advertised as
a cure for the common cold.

Areas Where New Technologies Will Have the Most lmpact

The knowledge that we gain from our scientiflc endeavors, especially in
the field of healing, will at some point be put to use to address our most
pressing health concerns. This knowledge is increasing exponentially
and is now literally exploding across lhe whole planet. We have now
mapped the whole human genome and are learning how it works;
this knowledge is just barely starting to bear fruit in emerging medical
applications that are founded in solid science and just now being tested.

The emerging knowledge being gained in the science of healing
mechanisms has tremendous potentialfor benefitand for our own sakes



should be developed sooner rather than later. The science of healing
has broad application across virtually all f ieids of medical science. Let
us examine just a few of the possibil i t ies.

Lately, in the United States, there has been an emergence ofa variety of
infectious diseases, such as MRSA, Vref, and others thatare resistantto
our best antibiotics and that are growing in our hospitals at unacceptable
rates. Most people die due to infection ratherthan surgery. Some strains
of "flesh eating" bacteria are particularly resistant. There are many
other infectious diseases that have been afflicting us (Malaria, Hepatitis
A-D, HIV-1 and so on) that have yet to be successfully addressed. lt is
narve to believe that all of these infections can be eliminated with just
one miracle-cure, however, our knowledge ol how the immune system
fights these types of "bugs" gives us advantages over all of them.

The immune system has weapons thai, of vital necessity, are used to
kil l  all of these types of bugs. In particula( the "lethal mix" of oxidants
that it uses is effective to destroy these pathogens, even the resistant
kinds. Oxidative compounds that are lethat to microbes but that can
be tolerated by healthy tissues are used by the immune system in this
process. lf these compounds could be stabil ized outside of the body,
they could be used as potent antimicrobials. Not only would they kij l
microbes, but they would also serve to elevate the body's own natural
immune and healing responses without causing and possibly reducing
excessive infl ammation.

Non-toxic oxidative antimicrobial compounds could be used topically
on the skin and exposed tissues, on sensitive mucus membranes
n the nose and mouth, in the eyes. Such compounds could also be
used lnternally as irrigation during sufgery as they naturally close off
bleeding blood vessels and control infection. lf they could be made to
be absorbed into the blood, they could be used as intravenous agentsi
possibly nanotechnology could be employed to help preserve them
in the blood. Proper lormulatjons could even be taken orally without
d sturbing the good bacteria that are protected by enzymes in the body
irom these types of compounds. There js a wide variety of applications
'or such non{oxic antimicrobial compounds and many advantages
rver traditional kinds.

-ne redox-induced messengers that regulate healing have access
:: some of the genetic buttons that increase DNA repair, strengthen
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intercellular communications, increase and enhance antioxidant action,
help clean up dead and dysfunctional cells and thereby strengthen
and speed the healing process. All of these things are generally
advantageous in the healing process.

Besides accelerating healing, increasing the amount of certain types
of these messengers helps strengthen the signals that the immune
system needs to function properly. This action is useful especially if
the immune system is not responding correctly. The redox messengers
have the advantage that they help the cells increase the reception of
certain signaling messengers that are already being sent as well as
heightening the signaling process related to healing. This helps the
immune system to respond more accurately.

Autoimmune disorders result when either the immune system starts
mislakenly attacking friendly cells or when it responds weakly to real
threats. Almost all of these disorders come because the signals that
the immune system needs to function correctly are too weak or the
receptors for these signals do not receive them correctly. Increasing
the intensity and proper reception of these signals, then can serve
to help "normalize" the immune response, helping it respond faster
when needed and to recognize friendly cells better when not needed.
Autoimmune disorders usually are the cause of painful degenerative
conditions where the joints and connective tissues are attacked by the
immune system or not adequately protected from infection.

Oxidative stress can be seen as a friend or a foe. lt accumulates in
damaged cells, helps them to recognize damage and to consequently
kil l themselves.This ismostoften beneficial. Sometimes oxidative stress
can c:ruse premature death in undamaged cells that are stressed when
exposed to external toxins or lack ofoxygen. This aggravates problems
in some cells, such as nerve cells, that are not readily replaced after
they die. For example, after a stroke or head injury the majority of the
brain cells do not die from lack ofoxygen, they die from oxidative stress
while they are waiting for blood flow to be restored. Oxidative stress
also causes brain-cell death due to toxins, such as drugs or alcohol
or degenerative brain disorders. Oxidative stress in the brain can also
trigger seizures and aggravate addiction withdrawal symptoms and
hangovers. In fact, oxidative stress plays a paft in almost every malady,
whether it is found in the brain or any other major organ.
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Preventing oxidative stress from causing premature tissue damage
to organs can be accomplished by increasing the concent.ation and
efliciency of the natural antioxidants that are produced and reside
inside the cells themselves, thus protecting the insides ofthe cells from
stray oxidalive damage. These types of antioxidants cannot be found
in foods or supplements (many supplements only stay in the blood).
The native antioxidants must be Droduced inside the cells themselves.
Therefore, the only way to increase their activity is to introduce into the
body the messengers that signal for their production or to increase the
amount of reductants that these antioxidants need to function. Both of
these enhancements areaccessible to redox-induced messengers. The
reduction ofinduced oxidative stress is within the reach ofcertain redox
signaling compounds that already have been shown in the laboratory
to greatly enhance the activity of native antioxidants and call for their
increased production inside of living cells.

The beneficial function of oxidative stress lies in helping the body
identifydamaged and dysfunctional cells. Once in awhile, dysfunctional
cells wil l sneak under the radar if their internal damage is not large
enough to trigger a full-fledged response. lf all is "business as usual,"
then these undetected dysfunctional cells will remain undetected and
will eventually divide and produce two dysfunctional cells. As time
goes on the dysfunctional cells continue dividing and the marginally
damaged tissues spread. "Age spots,' moles and loose skin are visible
manifestationsof thisDhenomenon, Sometimesmoreseriousconditions
occur that cause the groMh rate of damaged tissue to increase, this is
called "neoplastjc growth'and can lead to even more serious tissue
dysfunction. Degraded tissues are also the cause for some of lhe more
common visible signs ofaging.

Again, redox-induced messengers have an advantage in helping the
body detect and eliminate dysfunctional cells. The same messengers
that speed healing by increasing the intensity of the signals between
cells, also can help the healthy cells to better identify the weak signals of
dysfunctional cells. The healthy cells then can respond to these signals
and send out the messengers necessary to eliminate the dysfunctional
cells and replace them (hopefully) with healthier cells. lf a stable redox-
based messengercan be found, the same aswould accelerate healing, it
could be administered systemically and would contribute to the detection
and elimination of dysfunctional cells throughout the whole body.



Cardiovascular health is also in the crosshairs ofthese newtechnologies.
Efficient vascular function and regeneration relies heavily on the redox
signaling processes. The smooth muscle cells that cause veins to
constrict and shrink are stimulated by certain redox messengers. The
growth of new capillary veins to more efficiently supply oxygen to the
tissues is also under redox messenger control. Even the messages that
effectthe "adhesion" of immune cellsto cellwalls, allowing them to seep
out ofthe veins, is underthis control. Plaques in the arteries are caused
by the buildup of these immune cells that pass through layers of the
arterial wall. The redox oxidation states of cholesterol and fatty acids in
the blood have a healy influence on this process. Degeneration of the
smooth muscle layer (and others) in the veins causes them to inflate
and bulge ouiward with the blood pressure.

Much research has been done and remainsto be doneas tothe reaction
ofvasculartissues to certain varieties ofredox messengers (like oxidants
and reductants). Again, a stable balanced redox signalang mixture that
would survive in the blood, increase the intercellular signaling intensity
and stimulate healing could be beneflcial: especially in helping to heal
damaged layers inthewallsof the veins and in stimulating new capil lary
growth to oxygen-deficient tissues. Interestingly enough, mixtures that
would make the vein l inings generally less sticky to immune cells and
others inside the veins also could be beneficial and would greatly slow
down the growth of plaques and small blood clots inside the veins.
These are all real opportunilies for serious research in the future.

It is apparent that the applications for redox signaling messenqers
listed above, outl ining just a few ofthe possible positive heallh benefits,
promises significant advances for health care in the future. There are
many other applications that have yet to be explored, covering mosl
all of the major fields of medicine. The promised benefits are so broad
and far-reaching, that it is virtually hard to ignore. Whole departments
of universities, thousands of researchers, hundreds of research
projects and papers, books, and several dedicated conferences are
now focusing in on redox regulation in our bodies. In fact, the dominant
lheory of how we age and die is now based on the effects of spreading
cellular inefficiencies causing the gradual build-up of oxidants in our
bodies: that in turn speeds us toward our end. The implications are
ominous.
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Why We Ought to Consider Researching These Options

We have discovered, from all this research, that redox signaling is
basically fundamentalto life itself, from the most primitive to the most
advanced forms. lt regulates the very processes that allow life to heal
itself, defend itself and thrive in adverse environments. lt hits upon the
very mysteries of life iGelf. lt deserves our attention and will continue to
receive our attention for many years to come. lt may even explain how
we age and die. This is the way that nature made it to be.

Despite the promise ofmajoradvances and the factthat huge populations
are facing debilitating disease, the development of medical applications
that exploit these exploding fields of knowledge is relatively slow. In the
United States, it takes at least 10 years of research and literally hundreds
of millions ofdollars for research (usually privately funded with high risk)
just to bring one new drug to the marketplace. Potential drugs that do not
fit into traditional categories are quickly rejected, it does not matter how
well founded the science is. This paints a rather gloomy pictufe for the
development of redox signaling technologies, along with many others
that do not fit into the traditional drug development cycles.

Much criticism and debate surrounds the attempts of the government
to short-circuit development cycles through the introduction of
"complementary and alternative medicines" (CAMS) that do have
categories which include multi-molecular complexes and formulations
from naturally-based sources- The government regulatory agencies
are either resistant or scurrying to adjust. Progress is hampered and
muddied, somewhat, because publicly-funded research on a few CAMs
(that have little or no science-based reason for working) are eating up
precious research funds and provoking criticism. We cannot explore
every claim, no matter how much I would like to research my wife's
chicken soup as the cure for the common cold.

At this point in time, our understanding of the human genome is quickly
advancing and our underslanding of basic biological processes is being
accelerated by solid scientific exploration. Now is the time to find a way
to expedite the development and commercjalization of these emerging
science-based technologies for our own best advantage. We will all be
the better for it. There is no good reason why we should not be able to
leverage our science-based knowledge so that we can ultimately live
longer and more productive lives.
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Suggestions on How to proc€ed

Even though medical science is advancing, it js still in its childhood.
The more we know, the more we know that we don't know, In the field
of redox signaling and regulation, for example, we have yet to explore
all of the different redox signaling messenger formulations and how
to deliver lhem to the cells that need them in the body. lt is obvious,
as we listed some of the applications above, that there remains much
research to be done in order to prove out many of the possibilities that
we briefly explored. The first thing that needs to be done is to find a wav
to accomplish the remaining research pertaining to specilic application;
in medicine.

The market for any one of the proposed applications is huge, driven
by the potential beneflts, lf viewed as a whole, the scope of it is simply
overwhelming. lt is the author's hopethat potential market share willdrive
the investment for research on many fronts and that some if not most
of the research will be done in the universities and national laboratories
that have a large interest in such research; also that there will be a larqe
enough vision from private enterprise lo fund part if not most of lhis
research and to allow the research institutions to have a tangible share
of the discoveries. There are several advantages to this scheme, but
such evaluation is beyond the scope ofthis booklet. As usuat, the whole
entelprise must ultimately be pulled by the private market.

Finding a market mjght not be that easy, there is a serious question
as to whether lhe regulatory agencies and traditional drug markets will
even ailow it to exist. In the United States, our cunent vision of health
care is not care for the healthy, it is care for the sick. Consequen y, the
health care industry is most profitable when most oi us are marginally
sick. The system is not designed to help us maintain good health. Th;
responsibil i ty to maintain our health falls squarelyon our own shoulders
and is something that is starting lo be demanded of the food and
nutritional supplement industries. This represents a paradigm shifl that
is gradually being reflected in the marketplace in the United States and
is widely evidenced in Europe.

When it comes right down to it, however, there is hardly anything more
valuable to us than maintaining good health. In the United Statas, the
market for health maintenance is right up there with shelter and food.
Yet when forced to face decisions on healthcare spending, we are most



inclined if not coerced to place our lrust on the trained professionals for
good advice, especially when faced with sickness. These professionals
are trained with centuries of knowledge on how to diagnose health
problems and prescribe solutions. Rarely, however, will their advice
guide us on howto maintain good health with everyday dietand lifestyle.
Often the health care industry ties the hands of these professionals
allowing them to only follow prescribed solutions to health problems
despite their knowledge of the existence of better alternatives. Liability
considerations and insurance companies help to reinforce these
constraints. There is a growing disparity between the preponderance of
emerging science and prescribed medjcal practice.

More and more, emerging science is showing that daily diet and lifestyle
is absolutely essentialfor maintaining good health and avoiding potential
health problems. Eating natural, non-processed foods and minimizing
the use of drugs might not be so popular with the convenience-based
food and drug markets, but it will help us maintain good health and is
based on science that is becoming very popular with knowledgeable
professionals. Such professionals are now prescribing good diet,
admitting openly that naturalfoods can be a viable remedy forour current
medical conditions. Natural plants and foods are now found to contain
the ingredients that are very beneficial if not essential to good health,
packaged in a form that will practically eliminate all of the unsavory
side effects when compared to the current pharmaceutical alternatives.
Gradually the paradigm is shifting and health and nutritional markets
are following.

Perhaps in the near future, good science will start to pull the health
care markets toward the acceptance of non-traditional alternatives.
Perhaps as the market grows and credible research dictates, regulatory
agencies and pharmaceutical companies alike wil l have the wisdom to
make compromises and adjustments in order to include proven non-
traditional remedies into the mainstream. Perhaps the hands of these
scientists and professionals wjll be untied and theywill be allowed to use
the best research and methods available in order to solve our mounting
health problems whether or not they follow t.adilional trends. Perhaps
the lruths of nature will ultimately prevail when it comes to our health.

Whatever the future state of our healthcare system, we owe il to
ourselves to search out and make available the latest advances in
medical science and to use this knowledge to our greatest advantage.



As more of us become aware of these emerging technologies and
lobby for them to become available, or even better yet find solutions
that are already available but hidden in the marketplace, we will have
ever greater power to maintain our good health. lf this purpose is
accomplished, to some degree, by this booklet, then it will have been
a success.
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