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Antioxidants and formative
fields: Disruptors & stabilizers

During the 20th century, the simplifying
biological insights of W.F. Koch, Otto Warburg,
and Albert Szent-Gyorgyi were dismissed as
unscientific by the medical culture because their
concern with metabolic processes conflicted with
the reductionist ideas of established medicine, in
which sickness was to be explained as the result of
defects in molecules and genes. When the idea of
"the gene" was concretized in 1953 by the descrip-
tion of the DNA molecule's structure, molecular
reductionism was confirmed as the ruling
ideology.

At the end of the century, there was a growing
realization of the commercial possibilities in
cloning and stem cells (which had been declared
impossible by the reductionists), and so the less
rigidly deterministic ideas of epigenetics, of
metabolic causes of diseases other than diabetes,
and of "developmental fields" began to reappear in
medicine, but (with the guidance of government
and industry) in a new reductionist form.

In the middle of the century, it was known that
cancer cells have a powerful antioxidant capacity,
and that their high reducing capacity, that protects
them from toxic oxidants, is also crucially
involved in their tendency to proliferate continu-
ously. This is a general metabolic feature of
cancer cells of all kinds.

James Watson, co-discoverer of the structure
of the DNA molecule, and probably the most
extreme reductionist in the US, has recently
discovered that this antioxidant excess of cancer
might be important. He warns that the use of
antioxidant supplements could be harmful, by
blocking the reactive oxygen species, ROS, which
normally kill stressed cells. Most of his attention

is given to the use of drugs to reduce cancer cells'
antioxidant defenses--that is, he proposes new
ways to chemically kill cancer cells.

Cells are protected against reactive oxygen
species, such as those produced by lipid peroxida-
tion and radiation, for example by inactivating
them with a donated electron from ascorbate or
vitamin E, or by combining a reducing molecule
such as glutathione, GSH, with them. Many of the
toxic ROS are produced by the cells' own respira-
tory apparatus, during stress, so that an even more
basic "antioxidant" function is to suppress the
formation of ROS, instead of destroying them
after first creating them.

When the mitochondrial oxidation of glucose
is functioning intensely, under the influence of
thyroid hormone, few toxic free radicals are
produced, but when something interferes with that
intense use of oxygen to convert sugar to carbon
dioxide, the ROS are produced more intensely.
Suffocation, cyanide (Borle and Barsic, 1995),
nitric oxide (Liu, et al., 2014), and carbon monox-
ide (Akyol, et al., 2014) increase damaging ROS.
Ethyl alcohol, unsaturated fatty acids, and radia-
tion are other things that inhibit mitochondrial
respiration while increasing ROS.

When the mitochondria are respiring actively,
besides not producing the toxic ROS, which
Watson thinks are protective against cancer, they
are performing another kind of oxidation, which
regulates all cell processes, creating a complexly
organized metabolism that allows cells to perform
their normal functions, while inhibiting inappro-
priate proliferation. Oxidation does prevent
cancer, but it does it by creating a formative field,
continuing the developmental process that created
the organism.

Embryologists have always been aware that
life's self-organizing processes are something
unique, that will require the discovery of




something beyond the known mechanical princi-
ples of non-living material. Early in the 20th
century, the reductionists declared that it was
unscientific to look for explanations of life other
than chemical and physical processes, as those
were understood at the time. Reductionists found
it very hard to accept that organization was essen-
tially different from disorganization. Applying
information theory to matter has gradually made it
obvious to most people that meaningful patterns
such as cybernetic systems are significantly more
than the sum of their (previously known) parts.
The parts become something more when they
work in the system.

In physics, a field is a definite (but mysterious)
thing, the region around a material thing in which
a particular force influences other things--a gravi-
tational field influences other masses, an electrical
field influences other charged things. Reduction-
ists have tried to deny biological fields, by creat-
ing the straw-man of a "vital force," exactly
analogous to the fields of the physicists, and
observing that such a thing has no testable
meaning. However, a biological field is simply a
region that shows the effects of certain influences,
and it can refer to a cell, a group of cells or
tissues, an organ, an organism, or a larger system.
For example, cells, organisms, and ecosystems are
influenced by the earth's gravitational field, and
also by its electromagnetic fields. Tissues are
under the influence of pressures, tensions, pulsa-
tions, and electrical and chemical processes.

Cells exert influences on their environment,
and in turn are influenced by their environment.
Metabolism, which is essential for an organism's
development and interactions with the world, is a
"field," and the pattern of metabolism reflects, and
affects, the organism's structure and the way it
relates to the world. '

To be concerned with "field effects" in biology
is to be open to investigating the complexities of
any issue, as opposed to the old doctrine that cells
are simply unrolling the properties determined by
a genetic blue-print. Those who claimed that life
is genetically determined had ulterior motives, and
those motives have outlived radical genetic
determinism.

Medicine, as it begins to shift away from
genetic determinism, is confronted by the fact that
a metabolic view of health and sickness incorpo-
rates a recognition that the environment, and
social institutions, should be evaluated according
to their influence on metabolism. The risk of
identifying&important institutions as major patho-
gens makes it seem easier to create a muddle of
gene testing and pharmacological research,
instead of clarifying problems and finding the
simplest solutions.

Warburg's "respiratory defect" description of
cancer was first misrepresented as "eating sugar
feeds cancer growth," and now the newer claim is
that "sugar causes cancer." The reasoning is
wrong, but it's consistent with the 200 year old
mistaken belief that sugar causes diabetes, and
with the fact that diabetics are especially suscepti-
ble to cancer. Diabetics are relatively unable to
oxidize glucose, they produce lactate in the
presence of oxygen, and may synthesize fat
inappropriately. Diabetes is relevant to cancer
exactly because of their shared inability to oxidize
sugar and lactic acid.

Starvation creates an inability to oxidize
glucose, resembling diabetes, because it increases
free fatty acids in the blood, which are oxidized
for energy instead of sugar. Many kinds of experi-
ment have demonstrated that starvation stimulates
the growth of tumors (Sauer, et al., 1986). In the
absence of glucose, tumors preferentially derive
their energy from the oxidation of fat, but they
cause the breakdown of tissue proteins, to convert
to fat and to use for growth. The presence of free
fatty acids caused by a tumor causes "insulin
resistance,”" and a tumor bearing animal can
produce ketones with relatively normal blood
glucose, as in diabetes.

The presence of lactate in a cell indicates that
the cell's balance is reductive, rather than oxida-
tive. The ratio of lactate to pyruvate in a cell is an
indicator of the degree of reductive stress. Other
indicators of the oxidative-reductive ("redox")
balance in a cell are the ratio of NAD+ to NADH
and of reduced to oxidized glutathione,
GSH/GSSG. When a healthy cell is dividing, it
momentarily shifts into a highly reduced state,
with a large excess of sulthydryl (SH) groups, and




a decrease of the disulfide bonds, including some
of those involved in stabilization of proteins; the
dividing healthy cell momentarily produces
lactate, corresponding to its highly reduced
condition.

Lactate, besides being an indicator of the cell's
state, is itself a reductant. For many years it was
known to be-a promoter of inflammation, an
antioxidant, and a stimulator of new blood vessel
formation, but huge amounts of money and time
were spent looking for proteins in tumors that
could account for those features--their stimulation
of blood vessel growth, promotion of inflamma-
tion, and protection against oxidants--while failing
to consider the meaning of their continuous
aerobic production of lactate.

Local production of lactic acid stimulates
tissue renewal and repair, calling up resources
from the surrounding tissues, or from the organ-
ism by activating a stress response. Within a cell,
the conversion of pyruvate to lactate increases pH,
increasing the cell's excitability, causing its water
content to increase, and changing its affinity for
adsorbed subtances (from potassium to sodium,
for example). In the space surrounding stressed
cells or cancer cells, lactic acid lowers the pH.
Exposure to extracellular acidity creates
"stemness" in cells, and increases their prolifera-
tion and motility (Fiaschi, et al., 2013).

Stress and inflammation lead to the production
of lactate, and exposure of tissues to lactate
activates processes that, if allowed to continue,
will amplify the stress and inflammation. Cancer
is a clear case of the amplification of inflamma-
tion. A protein called hypoxia-inducible factor,
HIF, activates the enzymes cancer cells need to
thrive in a poor environment, while it inactivates
the enzyme system that's crucial for oxidizing
glucose, pyruvate dehydrogenase (PDH). HIF is
central to the establishment of aerobic glycolysis,
and glucose deprivation is one of the important
factors in the induction of HIF. Lactate (Polet and
Feron, 2009), and more significantly, an exces-
sively "antioxidant" (reduced) environment in the
cell activate HIF (Haddad, et al., 2000). Oxygen
deprivation, ionizing radiation, and estrogen are
other things that activate HIF.

The composition' and arrangement of the
extracellular matrix affects the functions of cells,
and stress affects the cells' ability to maintain it
properly. For example, lactate (partly by increas-
ing HIF) promotes the formation of collagen, and
over time excess lactate promotes tissue fibrosis,
accelerating the changes that occur with aging.
Over-production and hardening of collagen
reduces the cells' access to oxygen, sugar, and
other nutrients, progressively decreasing the
ability of cells to respond to stress.

When stress has activated HIF, most of the
available glucose will be converted to lactate,
maintaining the low-glucose, high-lactate condi-
tions that produced the HIF, and the HIF of the
glucose-deprived cells will shift fuel consumption
toward the use of glutamine (Corbet, et al., 2014),
and toward the use of some of the fuel for the
synthesis of fatty acids (Menendez, et al., 2005),
which will then be oxidized for energy
production. This wasteful system of cell metabo-
lism is supported by the stress hormones, that
break down healthy tissues, converting amino
acids to glutamine. The fatty acids that are
mobilized from the tissues have effects similar to
HIF, inhibiting PDH, preventing the oxidation of
glucose.

When the system fails to restore efficiency to
the disturbed tissue, the reductive excess becomes
more intense and generalized, with increased
production of HIF and other alarm or danger
signals, including nitric oxide and the inflamma-
tory cytokines. HIF, NOS, and other products of
the disturbed cells cause fatty .acids and amino
acids to be released from tissues throughout the
body. The fatty acids contribute to the inhibition
of PDH, with a shift in fuel use systemically, and
changes in the balance of nerve activity and
hormones, and damage to the immune system.
The increased serum lactate itself, in an individual
with cancer, blocks the proliferation and function
of T cells (Fischer, et al., 2007).

The healthy body is able to interrupt the
process by supporting the maturation of the newly
produced celis, and providing increased nutrients
and oxygen through the newly formed blood
vessels. Thyroid, cholesterol, pregnenolone,
DHEA, progesterone, glucose and carbon dioxide




help to reverse the inefficient inflammatory
metabolism.

If lactic acid is seen as a primary disruptor of
fields, first in the cell with increasing pH, then in
the surrounding extracellular spaces with decreas-
ing pH, and systemically causing nervous, hormo-
nal, biochemical and behavioral shifts in the
organism, then carbon dioxide can be seen as the
primary stabilizer of fields. It inhibits the forma-
tion' of lactic acid, lowers the intracellular pH,
stabilizes mitochondrial oxidative metabolism,
has protective effects on protein structure,
improves blood flow, and stabilizes nervous and
hormonal systems and behavior. It can protect
against nitric oxide and other mediators of inflam-
mation (Dunlop, et al., 2014).

If the oxidative metabolism of a cell is
compared to a flame, lactic acid is the smoke
that's produced when there isn't enough oxygen, or
when the temperature is too low. Both a cell and a
flame produce carbon dioxide when nothing inter-
feres with their oxidation. Interestingly, the effects
of smoke on cells resemble those of lactate,
producing inflammation, cancer, impaired oxida-
tion, and damaged extracellular matrix. A smoke-
less, hot flame is called an oxidizing flame,
because it converts the fuel completely to carbon
dioxide, and, for example in a welding torch, can
oxidize metal surfaces. A smoky flame is called a
reducing flame, because it can donate electrons to
oxidized metal.

Healthy cells, with a high ratio of oxidized
NAD+ to reduced NADH, are analogous to an
oxidizing flame. Ascorbic acid, in itself a reducing
substance, is oxidized when it's introduced into a
healthy cell, becoming dehydroascorbate (DHA), a
relatively oxidizing material. In the functioning
cell, DHA oxidizes the sulfydryl groups of newly
formed proteins, stabilizing them, and preventing
their degradation. In a stressed cell, proteins are
misfolded, and quickly degraded.

In a cancer cell, the metabolism is strongly
shifted in the direction of reduction, and ascorbic
acid reflects this, being maintained in a reduced
state (Romanovich and Basieva, 1979). The
reduced state of ascorbate is involved in the
reactions of HIF that promote collagen synthesis
(Szarka and Lorincz, 2014). The excessive

production of collagen contributes to the disor-
ganization of the tissue field.

The accelerated protein degradation resulting
from this type of (reductive) stress prevents cellu-
lar maturation and differentiation, one of the
features of cancer, but probably also a factor
wherever stem cells fail to mature into functional
replacement cells.

The oxidation of fat contributes to the under-
oxidized stress reaction, and blocking fat oxida-
tion protects cells from the protein-misfolding
stress reaction (Tyra, et al., 2012). A normally
protective antioxidant, N-acetyl cysteine, in this
situation blocks the protective effect of inhibiting
fat oxidation. In patients with heart failure, the
protective effect of inhibiting fatty acid oxidation
(for example, with niacinamide supplements) is
already well known. Since the unfolded protein
response is now considered to be a factor in
Alzheimer's and Parkinson's disease and diabetes
(Delic, et al., 2012), among other chronic
diseases, the inhibition of fat oxidation, and
supporting sugar oxidation, now seems to be
appropriate for preventing or treating any
age-related degenerative disease.

The promotion of cancer growth by fasting
isn't seen early in life, but appears in adulthood
(Sauer and Dauchy, 1987), corresponding to the
increasing quantity of stored fat, and probably to
changes in its quality, i.e., the increased propor-
tion of polyunsaturated fats with aging. Besides
the generally stress-promoting effects of free fatty
acids, the polyunsaturated fatty acids are
converted, during stress, to prostaglandins and
related  inflammation-promoting  substances.
Bacterial endotoxin from the intestine is a chronic
stress, increasing exposure to nitric oxide and the
various danger signals that promote inflammation
and aerobic glycolysis.

Besides selecting a diet that minimizes intesti-
nal inflammation and free fatty acids, and that
provides essential amino acids without an excess
of cysteine, tryptophan, and arginine, the safe
antiinflammatory supplements vitamin E, aspirin,
niacinamide, vitamins K and D, thyroid hormone,
progesterone, pregnenolone, DHEA, and coffee
help to decrease the susceptibility to stress-
induced aerobic glycolysis. Drugs such as




lidocaine and other local anesthetics, anticholiner-
gics and antihistamines such as atropine, scopola-
mine, diphenhydramine, and cyproheptadine,
acetazolamide (a carbonic anhydrase inhibitor, to
protect against increased intracellular pH), and
dichloroacetate, DCA, to activate the oxidation of
glucose (by pyruvate dehydrogenase, PDH),
should be considered for treating the conditions
that involve continuing aerobic glycolysis. Niaci-
namide, by lowering free fatty acids, can also
increase PDH (Wieland, et al., 1971), and
fructose, in the form of fruits, is another safe
promoter of pyruvate dehydrogenase.
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