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Abstract: Paulin g suggested that responses to high-dose vitamin therapy were due primarily to small
increases in response due to lack of complete saturation of enzyme targets. He also suggested that they
may be due, in part to “local vitamin deficiencies” although the origin of such deficiencies were unclear.
Ames suggested that such therapy might be explained by enzyme polymorphisms involving mutants
with lowered Michaelis constants, and while this is an explanation in some cases, this mechanism
does not explain any effectiveness of in the broader population of diseased patients. Responses to four
wmmms advocated by Pau[mg can be best explained by t/.)e ejfkcts of t/.)ese mmmms on [owerzng the
0 e LONQQO g ene

c/yromc mﬂammatory dzseases ﬂscorbate /owers three aspects of the cem‘m/ cau]ﬁlet of the cyc/e, acz‘m g
as a peroxynitrite scavenger, restoring tetrahydrobiopterin (BH4) by reducing an oxidized form and
inducing increased de novo BH4 synthesis. The nicotinamide form of niacin inhibits poly adenosine
diphosphate-ribosylation, thus sparing nicotine adenine dinucleotide (NAD), as well as supplying
niacin for synthesis of NAD/NADH, thus helping restore mitochondrial function in NO/ONOO-
cycle diseases. Folate in the form of 5-methyltetrahydrofolate is a potent peroxynitrite scavenger, thus
lowering the NO/ONOO- cycle in that way. Vitamin By, as hydroxocobalamin lowers the cycle by
acting as a nitric oxide scavenger. Each of these responses involve mechanisms that are distinct from
the classic functions of these vitamins and they all require supraphysiological levels in order to be ef-
Sective. Thus they provide explanations for each of the four high-dose therapy vitamins that Pauling
suggested and for Hoffer’s responses to niacin therapy.

Introduction

Pauling advocated high-dose therapy
involving one or more of four vitamins for a
variety of diseases. These vitamins are ascor-
bate (vitamin C), niacin, folate and vitamin
B1,.1? Hoffer focused his attention for treat-
ment of schizophrenia and other diseases
on high-dose therapy using niacin and to a
lesser extent ascorbate.>” However there has
not been a plausible explanation, in my judg-
ment, for any substantial efficacy for these
four agents which requires the use of such
high doses.

Pauling’s main suggestion for mecha-

nism was that the normal physiological
range of pools of the active form of these
vitamins might provide only perhaps 90%
of the maximum response and that high-
dose therapy might give a small but perhaps
physiologically important improvement and
might explain responses to high-dose ther-
apy.”? Many scientists including the author
have found this explanation unconvincing
and have therefore been skeptical about this
interpretation of high-dose therapy. Pauling
provided a second explanation, that there
may be local deficiencies in these vitamins
and, where appropriate, their active cofac-
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tors and that allaying such local deficiencies
might explain the efficacy of such high-dose
therapy. While there is some evidence for
such local deficiencies, this second expla-
nation failed to explain their origin or how
they may fit into the overall etiology of the
diseases involved. It is the author’s view that
allaying local deficiencies provides a partial
explanation but that most of the explanation
lies elsewhere.

Ames suggested a third explanation for
high-dose therapy,® following an earlier sug-
gestion also made by Pauling.! Ames and
coworkers suggested that enzyme poly-
morphisms may involve alleles encoding
enzymes with increased Michaelis constant
(Km) values for vitamins or their active co-
factors and that high-dose therapy could be
effective in the treatment of people carrying
such polymorphisms.® There is no question
that people carrying some such polymorphic
genes will respond to high-dose therapy due
to this mechanism, but it is questionable
whether this could be a more general expla-
nation for any efficacy of high-dose therapy
treatments for common diseases.

Hoffer had a specific interpretation
of the mechanism of high-dose therapy with
niacin that is discussed below, which also
may be questioned.

The apparent efficacy of very high dose
intravenous ascorbate in the treatment of
some cancer patients has been ascribed to
the action of ascorbate in reducing molecular
oxygen to hydrogen peroxide and the sensitiv-
ity of the cells of some types of cancer to hy-
drogen peroxide.®!° Thus the apparent action
of very high dose IV ascorbate here seems to
be completely unrelated to either of Pauling’s
two explanations or Ames’ explanation.

3-5,7

The NO/ONOO- Cycle as an Explana-
tion of Many Chronic Diseases

The NO/ONOO- cycle, is a complex
biochemical vicious cycle that was first de-
veloped as an explanation for the etiology
of such related and often comorbid multi-
system diseases chronic fatigue syndrome/
myalgia encephalomyelitis (CES/ME), mul-
tiple chemical sensitivity (MCS), fibromyal-

gia (FM) and post-traumatic stress disorder
(PTSD)."*20 Tt is named for two of its ele-
ments, nitric oxide (NO) and peroxynitrite
(ONOO-) but contains many other ele-
ments, each of which is important to the
etiology of most diseases caused by the cycle
(Figure. 1, p.31).

The cycle involves a whole series of in-
flammatory aspects (right side, Fig. 1) in-
cluding activation of the transcription factor
NF-kappa B, a series of inflammatory cy-
tokines (upper right box, Fig. 1) and induc-
tion of the inducible nitric oxide synthase
(iNOS), suggesting that the entire inflam-
matory cascade is likely to be active in the
NO/ONOO- cycle diseases; increased su-
peroxide production both intramitochon-
drial and extramitochondrial (center, left);
elevated levels of peroxynitrite (abbreviated
PRN, below center) and depletion of tetra-
hydrobiopterin (BH4, below center towards
the right); changes in certain physiological
receptors are also involved, including excito-
toxicity and excessive N-methyl-D-aspartic
acid (NMDA) activity (top, center). Each of
these cycle elements are linked to each other
through a series of well-accepted biochemi-
cal and physiological mechanisms indicated
by the arrows in Figure 1. The cycle can be
seen to be made up of multiple interacting
cycles, making it difficult to down-regulate,
with what is called the central couplet, the
reciprocal relationship between peroxyni-
trite elevation and BH4 depletion at its
core.!t219 The cycle is based on five testable
principles*?! that can be summarized as
follows:

1. Stressors, especially short-term stres-
sors act to initiate cases of NO/ONOO-
cycle diseases by raising levels of elements
of the cycle, often leading to NO increases,
thus starting the cycle.

2. The cycle is present during the chronic
phase of illness, predicting then that each of
the elements of the cycle will be elevated.

3. The symptoms and signs of a NO/
ONOO- cycle disease must be caused by
one or more elements of the cycle.

4.'The cycle is primarily local, localized

to different tissues in different individuals.
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The reason for this is because the three small
compounds in the cycle, NO, ONOO- and
superoxide all have short half lives in biolog-
ical tissues and the mechanisms of the cycle,
the various arrows shown in Figure 1, all act
at the levels of individual cells. Because of
its primarily local nature, the cycle is often
elevated in different tissues in different in-
dividuals, leading to variation in symptoms
from one individual to another and often
different diagnoses, as well.

5.NO/ONOO- cycle diseases should be
treated with agents that down-regulate parts
of the cycle. In other words, we should treat
the cause, rather than the symptoms.

A good fit to each of these five princi-
ples for a specific disease/illness provides a
distinct type of evidence for the causality of
the cycle. Because of this, if there is a good

fit to each of the five principles for a spe-
cific disease, this means that that disease is a
good candidate to be a NO/ONOO- cycle
disease. The five principles serve, for NO/
ONOO- cycle diseases, a roughly similar
function to what Koch’s postulates serve for
infectious diseases.!' %!

Most of the consideration of the NO/
ONOO- cycle as a disease mechanism has
focused on CFS/ME, MCS, fibromyalgia
and PTSD.""? Gulf War syndrome/illness
is a combination of the four and is presum-
ably also a NO/ONOO- cycle disease.’**
However 14 additional diseases are apparent
NO/ONOO- cycle diseases, at least based
on a relatively superficial consideration,
as follows (Chapter14),”® and*? tinnitus,
post-radiation syndrome, multiple sclerosis,
autism, overtraining syndrome, silicone-

Figure 1: Each of the arrows represents one or more mechanisms by which one element of
the cycle increases the level of a second element. The various parts of the cycle are discussed
further in the text. Abbreviations: TRP, several transfer receptor potential receptors, especially
TRPV1, TRPAT and TRPM2; NMDA is a glutamate receptor that is specifically stimulated by N-
methyl-D-aspartate; PRN is peroxynitrite; BH4 is tetrahydrobiopterin; iNOS, nNOS and eNOS
are all nitric oxide synthase enzymes. Taken from the author’s web site with permission.

TRP rec — NMDA —
2+

oxidative
stress

Ca

IC-1p, IC-6
IL-8, TNF-q
TFNy




High-dose Therapy with Ascorbate, Niacin, Folate and Bi>: Pauling was Right but for the Wrong Reason

implant-associated ~ syndrome, Sudeck’s
atrophy, postherpetic neuralgia, chronic
whiplash-associated disorder, amyotrophic
lateral sclerosis (ALS), Parkinson’s disease,
Alzheimer’s disease, asthma and irritable
bowel syndrome. Most of these differ from
one another in the critical tissues involved
and thus can easily be distinguished from
each other by a local mechanism with differ-
ent tissue distribution. A more detailed and
complete consideration of the first two of
these as NO/ONOO- cycle diseases, tinni-
tus®! and post-radiation syndrome® has been

published elsewhere.

The NO/ONOO- Cycle as a Generic
Explanation of Chronic Inflammatory
Disease

The possible role of the cycle in many
different diseases suggests that it should be
considered as a generic model of chronic in-
flammatory disease. The following is taken
from the author’s web site with permission
(thetenthparadigm.org/otherdiseases.htm).

One question that should be asked is
the following: From first principles, what
should a generic model of chronic inflam-
matory disease look like? I am not going to
try to document the following argument but
I think that those of you who have a deep fa-
miliarity with chronic inflammatory diseases
will see its merits.

I argue that it should first of all be a vi-
cious cycle mechanism, otherwise how can
so many short-term initiating stressors ap-
parently lead to chronic illness? And it
should basically be local in nature, localized
in each case to certain regions of the body,
but not to other regions. Otherwise how can
one explain how a single mechanism can ex-
plain many different chronic inflammatory
diseases?

It should include, obviously, elevated
inflammatory cytokines and other inflam-
matory markers and oxidative stress and
increased NF-kappa B activity, nitric oxide
levels and iNOS induction, all common
aspects of inflammatory biochemistry. It
should also include mitochondrial dysfunc-
tion, since this is also reported to occur in

many different chronic inflammatory diseas-
es. Because excitotoxicity including exces-
sive NMDA activity is essentially universally
found in chronic inflammatory diseases that
impact the central nervous system, this may
well be another aspect of the mechanism;
while such excessive NMDA activity has
been much less studied in peripheral chronic
inflammatory diseases, the widespread oc-
currence of NMDA receptors in the periph-
eral nervous system and in other, non-neural
tissues**® suggest that excessive NMDA
activity may have a much wider role. BH4
depletion is much less studied than are most
of these other NO/ONOO- cycle elements,
but is increasingly being reported in various
chronic inflammatory conditions and so may
also be argued to be a part of such a generic
mechanism. After all, it is reported that BH4
depletion has roles in such diseases as Par-
kinson’s disease, Alzheimer’s disease, ALS,
heart failure, schizophrenia, autism, bipolar
disorder, major depression, mast cell activa-
tion, chronic renal failure, hypertension, and
pulmonary hypertension.

So it may be argued that from first prin-
ciples, a generic model of chronic inflam-
matory disease will look very much like the
NO/ONOO- cycle mechanism! That does
not absolve us from making a detailed case
for each disease which may be considered as
a possible NO/ONOO- cycle disease. But
it does argue that we may be able to explain
possible responses to a therapeutic agent
in many diseases by looking at its ability to
down-regulate one or more aspects of the

cycle.

High-Dose Therapy Will Down-Regu-
late the NO/ONOO- Cycle

Each of the four vitamins discussed
above, that Pauling focused on, will when
used in high doses, down-regulate important
aspects of the cycle and will, therefore, be
predicted to lower to some extent the cycle
as a whole.

Three of these, ascorbate,?*?® folate, >
and the hydroxocobalamin form of B;,**
have each been shown in high-dose clinical
trials to be helpful in the treatment of the
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CFS/ME and fibromyalgia group of diseas-
es, suggesting that they act to lower the NO/
ONOO- cycle. There are also various clini-
cal observations supporting efficacy of these
agents.” All three have been used clinically
to treat MCS but the only one tested in a
clinical trial on that disease was ascorbate,*
to my knowledge. Let’s examine the mecha-
nisms of action for all four vitamins:
Ascorbate. Can act in three distinct
ways to lower the central couplet of the NO/
ONOO- cycle.'** The central couplet is the
reciprocal relationship between peroxyni-
trite elevation and BH4 depletion, where
peroxynitrite acts to oxidize and therefore
deplete BH4 and BH4 depletion acts to par-
tially uncouple the nitric oxide synthases and
therefore increase peroxynitrite. Ascorbate is
a peroxynitrite scavenger but it acts effec-
tively only at high concentrations to effec-
tively lower peroxynitrite levels.*” When
peroxynitrite oxidizes BH4, it is converted
to BH3, the one electron oxidation product
but ascorbate, being a reducing agent can
oxidize BH3 back to BH4.%”*’ Because BH3
is itself unstable, it may require high levels
of ascorbate to be efficiently reduced before
BH3 can be converted to other oxidation
products, providing another rationale for the
need for high doses. In addition, and this is
probably only substantial when using fairly
high doses of intravenous ascorbate, ascor-
bate acts chemically to reduce molecular
oxygen to hydrogen peroxide®'° and hydro-
gen peroxide is known to induce the enzyme
GTP cyclohydrolase 1, the first and rate-
limiting enzyme in the de novo pathway for
the synthesis of BH4. In general, then, high-
dose therapy will lower the central couplet
of the NO/ONOO- cycle via three distinct
but interrelated mechanisms. Probably the
first two mechanisms can be substantial in
levels obtained from oral ascorbate but the
hydrogen peroxide-GTP  cyclohydrolase
I mechanism probably requires the much
higher levels that can be produced with IV
ascorbate.’* It is possible, then, that high-
dose ascorbate may be the most effective
single agent in treating NO/ONOO- cycle

diseases.!>3

Is there empirical evidence that high
levels of ascorbate are required to normal-
ize this central couplet? It is well known that
BH4 depletion is associated with elevated
peroxynitrite in many diseases, so it is rea-
sonable to infer that the levels of ascorbate
normally found in these diseases, where
blood levels are often in the normal range, is
inadequate to lower this central couplet re-
lationship. In CFS/ME and MCS, there is
published clinical trial evidence for efficacy
of circa 10 g IV ascorbate, %% but no clini-
cal trial data or even anecdotal or clinical ob-
servations suggest effectiveness for oral ascor-
bate. Having said that, typically oral ascorbate
has been used at doses up to 2 g/day and the
much higher doses advocated by Pauling,
doses that produce substantially higher blood
levels of ascorbate, albeit lower blood levels
than are obtained with IV ascorbate,” may be
more effective. Clearly we need data on such
higher dose oral ascorbate.

Niacin. One of the most important
mechanisms for producing mitochondrial
dysfunction in NO/ONOO- cycle diseases
is thought to involve the nicking of deoxyri-
bonucleic acid by peroxynitrite-derived free
radicals, leading to major stimulation of poly
adenosine diphosphate (ADP)-ribosylation
of chromosomal proteins.** The substrate
tor ADP ribosyltransferase activity is nico-
tinamide adenine dincleotide (NAD) and
many inflammatory diseases can lead to
major depletion of NAD/NADH pools via
this mechanism,** with NADH depletion
leading to mitochondrial dysfunction. High
concentrations of nicotinamide effectively
inhibit poly ADP-ribosylation, leading to
restoration of NAD/NADH pools and
therefore improved mitochondrial function,
also lowering other NO/ONOO- cycle el-
ements.®* Vitamin B; as either nicotin-
amide or nicotinic acid will also help restore
those pools by acting as a precursor of NAD
biosynthesis. It should be noted that nico-
tinic acid (niacin) can generate nicotinamide
in vivo, and thus may potentially act via both
of these mechanisms. Thus high-dose nia-
cin, will be expected to produce substantial
improvement in mitochondrial dysfunction,
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thus lowering the NO/ONOO- cycle.

Folate. In the form of 5-methyltetrahy-
drofolate (5-MTHF) is known to be a po-
tent peroxynitrite scavenger, reacting with
peroxynitrite in a semi-diffusion controlled
manner.*”* It also reacts in a semi-diffusion
controlled manner with singlet oxygen,* an-
other important oxidant. High dose folate is
also known to help restore BH4 pools and
lower nitric oxide synthase uncoupling;**3
the probable mechanism is that by lowering
peroxynitrite, high levels of reduced folates,
including especially 5-MTHE, will lower
peroxynitrite-mediated BH4 oxidation and
thus raise BH4 pools. High dose folate has
been shown to be useful in the treatment of
CFS/ME? and the probable mechanism, in
my judgment, is the mechanism outlined in
this paragraph, acting to restore BH4 levels
by scavenging peroxynitrite. Although the re-
action between peroxynitrite and 5-MTHF
has a very high rate constant,** the low
concentration of 5-MTHF normally present
in the body and the much lower concentra-
tions of peroxynitrite together with its short
half life, suggests that effective scavenging of
peroxynitrite is expected to require relatively
high-dose folate therapy needed to achieve
supraphysiological levels of 5-MTHE. The
same thing is probably also true for scaveng-
ing the peroxynitrite product, nitrosoperoxy-
carbonate (ONOOCO2-), which is prob-
ably also scavenged by 5-MTHF due to its
weak oxygen-oxygen bond.

Vitamin B,,. The hydroxocobalamin form
of By, and the rapidly interconvertable aqua-
cobalamin form have been shown to be po-
tent nitric oxide scavengers, lowering the ef-
fects of nitric oxide both in vivo and in cell
culture or other in vitro situations.'>*? This
mechanism is sufficiently well documented
such that hydroxocobalamin has been used
as an agent to demonstrate roles of nitric
oxide in biological processes.”**? In order to
undergo this reaction, hydroxocobalamin/
aquacobalamin must be reduced to the co-
balt II form, a process that occurs readily in
the presence of physiological levels of ascor-
bate. In general, supraphysiological levels of

hydroxocobalamin must be present in order

to produce substantial lowering of nitric ox-
ide effects.!®1

It can be seen from this that high-dose
therapy for all four of the vitamins that Paul-
ing proposed for use in such therapy"* can be
explained by their action in down-regulating

the NO/ONOO- cycle.

What About Psychiatric Diseases?

Pauling**® and Hoffer>>"*>°¢ both fo-
cused to a great extent on high-dose therapy
of psychiatric disease and their interests led
to the founding of the Journal of Orthomolec-
ular Psychiatry, later changed to the Journal
of Orthomolecular Medicine. They were spe-
cifically interested in schizophrenia treat-
ment, but also had some interest in other
psychiatric diseases. Are psychiatric diseases
NO/ONOO- cycle diseases?

A detailed case for one psychiatric dis-
ease, P'T'SD, has already been published.?**
'The author is in the process of finishing a
paper arguing that schizophrenia is another
NO/ONOO- cycle disease, caused by the
impact of the cycle on regions of the pre-
frontal cortex, specifically focused on the
dorsolateral prefrontal cortex. It is possible
that others, specifically including major de-
pression and bipolar disorder may involve
cycle impact on other regions of the brain as
elements of the cycle are well documented to
have roles in both.

It might be argued that psychiatric dis-
eases may be etiologically diverse and thus
it may be implausible that such diseases as
schizophrenia, bipolar disorder and major
depression might have a common etiology
produced by the impact of a local mechanism
on different regions of the brain. However,
these three diseases have each been reported
to have elevation of such NO/ONOO- cy-
cle elements as oxidative stress, nitric oxide,
peroxynitrite, inflammatory cytokines, NF-
kappa beta, mitochondrial dysfunction and
BH4 depletion, suggesting but not proving a
NO/ONOO- cycle etiology.

What about therapy? Do agents predict-
ed to lower the NO/ONOO- cycle produce
clinicalimprovementsin psychiatric diseases?
Here the literature is dominated by studies
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of pharmaceuticals, rather than nutritional
agents. However there are a number of stud-
ies that support this prediction, in addition
to those of Hofter and Pauling. For example,
high dose folate including 5-MTHF have
been reported to produce substantial clinical
improvements in schizophrenia®” as well as
major depression and bipolar disorder.””*! It
should be noted that these studies have usu-
ally been interpreted in terms of the ability
of 5-MTHF in stimulating methylation ac-
tivity, but its role as a peroxynitrite scavenger
provides an equally viable interpretation.

Newbold reported that high doses of
the hydroxocobalamin form of B;, produced
substantial measurable improvements in a
group of psychiatric patients.®

Hoffer’s interpretation of mechanism
with regard to high-dose niacin therapy of
schizophrenia was that schizophrenia may
be caused by excessive adrenochrome, an
oxidation product of adrenaline, and that
the role of niacin was to serve as a substrate
for methylation and thus possibly lowering
the methylation that is required to produce
the adrenaline precursor of adrenochrome.
However, Hofter was clearly frustrated that
the evidence for efficacy of high-dose nia-
cin was not being considered independently
of this possible interpretation. For example
Hoffer and Osmond* stated about oppo-
nents of high-dose niacin treatment that:
“They believed that orthomolecular treat-
ment was inextricably bound to the adre-
nochrome hypothesis; that if they accepted
one, they would have to accept the other.
This of course was nonsense. We used the
adrenochrome hypothesis to lead us to the
vitamins, but we might have come upon it
serendipitously. The adrenochrome hypothe-
sis may be completely wrong, but this has no
bearing on whether vitamin B; is therapeutic
for schizophrenics.”

Adrenochrome is produced by the oxida-
tion of adrenaline by superoxide.®*** It can be
argued, therefore, that the best way to reduce
the levels of adrenochrome in schizophrenia,
whatever its role in causing the disease, is to
lower the NO/ONOO- cycle because of the

role of the cycle in raising superoxide levels.

Perhaps the interpretation of mecha-
nism of action of high-dose therapy using
these four vitamins, provided in this paper,
will lead to a reconsideration of high-dose
therapy of not only niacin, but also ascor-
bate, folates and vitamin B, ), not only for
schizophrenia and other psychiatric diseases,
but also for a wide range of other chronic
inflammatory diseases.

References

1. Pauling L: Orthomolecular psychiatry: varying
the concentration of substances normally present
in the human body may control human disease.
Science, 1968; 160: 265-271.

2. Pauling L: Orthomolecular psychiatry: varying
the concentration of substances normally present
in the human body may control human disease. /
Nutr Environ Med, 1995; 5: 187-198.

3. Hoffer A., Osmond H, Callbeck MJ, et al: Treatment
of schizophrenia with nicotinic acid and nicotinamide.
J Clin Exp Psychopathol, 1957;18: 131-158.

4. Hoffer A, Osmond H: The adrenochrome hy-
pothesis and psychiatry. J Orthomol Med, 1999;
14: 49-62.

5. Hofter A: Niacin Therapy in Psychiatry. Charles C.
Thomas, publishers, Springfield, IL, 1962.

6. Ames BN, Elson-Schwab I, Silver EA: High-dose
vitamin therapy stimulates variant enzymes with
decreased coenzyme binding affinity (increased
Km): relevance to genetic disease polymorphisms.
Am J Clin Nutr, 2002; 75: 616-658.

7. Hoffer A, Prousky J: Successful treatment of
schizophrenia requires optimum dose of vitamin
Bs. Altern Med Rew, 2008; 13: 287-291.

8. Chen Q, Espey MG, Krishna MC, et al: Phar-
macologic ascorbic acid concentrations selectively
kill cancer cells: action as a pro-drug to deliver
hydrogen peroxide to tissues. Proc Natl Acad Sci,
USA, 2005; 102: 13604-13609.

9. Padayatty SJ, Sun H, Wang Y, et al: Vitamin C
pharmacokinetics: implications for oral and intra-
venous use. Ann Intern Med, 2004; 140: 533-537.

10. Duconge J, Miranda-Massari JR, Gonzalez MJ, et
al: Pharmacokinetics of vitamin C: insights into
the oral and intravenous administration of ascor-
bate. P R Health Sci J, 2008; 27,7-19.

11. Pall ML: Multiple chemical sensitivity: toxico-
logical questions and mechanisms. In. eds. Ballan-
tyne B, Marrs TC, Syversen T. General and Applied
Toxicology. 3rd ed. New York, John Wiley & Sons.
2009; 2303-2352.

12. Pall ML: The NO/ONOO- Vicious Cycle Mech-
anism as the Cause of Chronic Fatigue Syndrome/
Myalgic Encephalomyelitis. In. eds. Svoboda E,
Zelenjcik K. Chronic Fatigue Syndrome: Symptoms,
Causes and Prevention. New York, Nova Science
Publishers, Inc. 2010;chapter 2.




High-dose Therapy with Ascorbate, Niacin, Folate and Bi>: Pauling was Right but for the Wrong Reason

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pall ML: Explaining “Unexplained Illnesses’:
Disease Paradigm for Chronic Fatigue Syndrome,
Multiple Chemical Sensitivity, Fibromyalgia, Post-
Traumatic Stress Disorder, Gulf War Syndrome and
Others. Bighamton, NY. Harrington Park (Ha-
worth) Press. 2007.

Pall ML: The NO/ONOO- cycle as the cause of
fibromyalgia and related illnesses: Etiology, expla-
nation and effective therapy. In. eds. Pederson JA.
New Research in Fibromyalgia. New York, Nova
Science Publishers, Inc. 2006; 39-59.

Pall ML: NMDA sensitization and stimulation
by peroxynitrite, nitric oxide and organic solvents
at the mechanism of chemical sensitivity in multi-
ple chemical sensitivity. Z4SEB ], 2002; 16: 1407-
1417.

Pall ML: Elevated nitric oxide/peroxynitrite the-
ory of multiple chemical sensitivity: central role of
N-methyl-D-aspartate receptors in the sensitivity
mechanism. Environ Health Perspect, 2003; 111:
1461-1464.

Pall ML, Satterlee JD: Elevated nitric oxide/per-
oxynitrite mechanism for the common etiology of
multiple chemical sensitivity, chronic fatigue syn-
drome, and posttraumatic stress disorder. Ann NY
Acad Sci, 2001; 933: 323-329.

Smirnova IV, Pall ML: Elevated levels of protein
carbonyls in sera of chronic fatigue syndrome pa-
tients. Mol Cell Biochem, 2003; 248: 93-95.

Pall ML: Nitric oxide synthase partial uncoupling
as a key switching mechanism for the NO/ONOO-
cycle. Med Hypotheses, 2007; 69: 821-825.

Pall ML: Elevated, sustained peroxynitrite levels
as the cause of chronic fatigue syndrome. Med Hy-
potheses, 2000; 54: 115-125.

Pall ML, Bedient SA: The NO/ONOO- cycle as
the etiological mechanism of tinnitus. Innz Tinnitus
J 2007; 13: 99-104.

Pall ML: Common etiology of posttraumatic
stress disorder, fibromyalgia, chronic fatigue syn-
drome and multiple chemical sensitivity via el-
evated nitric oxide/peroxynitrite. Med Hypotheses,
2001; 57: 139-145.

Pall ML: Post-radiation syndrome as a NO/
ONOOC(-) cycle, chronic fatigue syndrome-like
disease. Med Hypotheses, 2008; 71:537-541.

Hinoi E, Takarada T, Ueshima T, et al: Glutamate
signaling in peripheral tissues. Eur ] Biochem,
2004; 271:1-13.

Kalariti N, Pissimissis N, Koutsilieris M: The
glutamatergic system outside the CNS and in
cancer biology. Expert Opin Investig Drugs, 2005;
14:1487-1496.

Kodama M, Kodama T, Muramaki M: The value
of the dehydroepiandrosterone-annexed vitamin
C treatment in the clinical control of chronic fa-
tigue syndrome. I. A pilot study of the new vi-
tamin C infusion treatment with volunteer CFS
patients. In Vivo, 1996; 10:575-584.

Kodama M, Kodama T, Muramaki M: The value

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

of the dehydroepiandrosterone-annexed vitamin
C treatment in the clinical control of chronic fa-
tigue syndrome. II. Characterization of CFS pa-
tients with special reference to their reponse to a
new vitamin C infusion treatment. I Vivo, 1996;
10: 585-596.

Kodama M, Kodama T: The clinical course of
interstitial pneumonia alias chronic fatigue syn-
drome under the control of megadose vitamin C
infusion system with dehydroepiandrosterone-
cortisol annex. In¢ ] Mol Med, 2005; 15: 109-16.
Lundell K, Qazi S, Eddy L, et al: Clinical activity
of folinic acid in patients with chronic fatigue syn-
drome. Arzneimittelforschung, 2006; 56: 399-404.
Botez MI, Fontaine F, Botez T, et al: Folate-re-
sponsive neurological and mental disorders: report
of 16 cases. Neuropsychological correlates of com-
puterized transaxial tomography and radionuclide
cisternography in folic acid deficiencies. Eur Neu-
rol, 1977; 16: 230-246.

Ellis FR, Nasser S: A pilot study of vitamin By,
in the treatment of tiredness. Br J Nutr, 1973; 30:
277-283.

Pall ML: Cobalamin used in chronic fatigue syn-
drome therapy is a nitric oxide scavenger. J Chronic
Fatigue Syndr, 2001; 8: 39-44.

Heuser G, Vojdani A: Enhancement of natural
killer cell activity and T- and B-cell function by
buffered vitamin C in patients exposed to toxic
chemicals: the role of protein kinase C. Immunop-
harmacol Immunotoxicol, 1997; 19: 291-312.

Pall ML: How Can We Cure NO/ONOO- Cycle
Diseases? Approaches to Curing Chronic Fatigue
Syndrome/Myalgic Encephalomyelitis, Fibromy-
algia, Multiple Chemical Sensitivity, Gulf War
Syndrome, and Possibly Many Others. Townsend
Lett Doctors Patients, 2010; 319/320: 75-84.
Kuzkaya N, Weissmann N, Harrison DG, et al:
Interactions of peroxynitrite, tetrahydrobiopterin,
ascorbic acid and thiols: implications for uncou-
pling of endothelial nitric oxide synthase. J Bio/
Chem, 2003; 278: 22546-22554.

Whiteman M, Ketsawatsakul U, Halliwell B: A
reassessment of the peroxynitrite scavenging ac-
tivity of uric acid. Ann NY Acad Sci, 2002; 962:
242-259.

Patel KB, Stratford MRL, Wardman P, et al: Oxi-
dation of tetrahydrobiopterin by biological radicals
and scavenging of trihydrobiopterin radical by
ascorbate. Free Rad Biol Med, 2002; 32: 203-211.
Shimizu S, Shiota K, Yamamoto S, et al: Hydrogen
peroxide stimulates tetrahydrobiopterin synthesis
through the induction of GTP-cyclohydrolase I
and increases nitric oxide synthase activity in vas-
cular endothelial cells. Free Radic Biol Med, 2003;
34:1343-1352.

Ishii M, Shimizu S, Wajima T, et al: Reduction of
GTP cyclohydrolase I feedback regulating protein
expression by hydrogen peroxide in vascular en-

dothelial cells. J Pharmacol Sci, 2005; 97:299-302.

155



156

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Journal of Orthomolecular Medicine Vol 25, No 3, 2010

Kalivendi S, Hatakeyama K, Whitsett J, et al:
Changes in tetrahydrobiopterin levels in en-
dothelial cells and adult cardiomyocytes induced
by LPS and hydrogen peroxide-a role for GFRP?
Free Radic Biol Med, 2005; 38: 481-491.

Szabo C, Dawson VL: Role of poly (ADP-ribose)
synthetase in inflammation and ischaemia-rep-
erfusion. Trends in Pharmacol Sci, 1998; 19: 287-
298.

Pieper AA, Verma A, Zhang J, et al: Poly (ADP-
ribose) polymerase, nitric oxide and cell death.
Trends in Pharmacol Sci, 1999; 20: 171-181.
Szabé C: Poly(ADP-ribose) polymerase activa-
tion by reactive nitrogen species--relevance for
the pathogenesis of inflammation. Nitric Oxide,
2006; 14: 169-179.

Elliott RB, Pilcher CC, Stewart A, et al: The use
of nicotinamide in the prevention of type 1 diabe-
tes. Ann N'Y Acad Sci., 1993; 696: 333-341.

Liu D, Gharavi R, Pitta M, et al: Nicotinamide
prevents NAD+ depletion and protects neurons
against excitotoxicity and cerebral ischemia:
NAD+ consumption by SIRT1 may endanger en-
ergetically compromised neurons. Neuromolecular
Med, 2009; 11: 28-42.

Ungerstedt JS, Blomback M, Séderstrém T: Nico-
tinamide is a potent inhibitor of proinflammatory
cytokines. Clin Exp Immunol, 2003; 131: 48-52.
Antoniades C, Shirodaria C, Warrick N, et al:
5-methyltetrahydrofolate rapidly improves en-
dothelial function and decreases superoxide
production in human vessels: effects on vascular
tetrahydrobiopterin availability and endothelial
nitric oxide synthase coupling. Circulation, 2006;
114: 1193-1201.

Rezk BM, Haenen GRMM, van der Vijgh WJEF,
et al: Tetrahydrofolate and 5-methyltetrahydro-
folate are folates with high antioxidant activity.
Identification of the antioxidant pharmacophore.
FEBS Lett, 2003; 555: 601-605

Offer T, Ames BN, Bailey SW, et al: 5-Methyltet-
rahydrofolate inhibits photosensitization reac-
tions and strand breaks in DNA. FASEB J, 2007;
21:2101-2107.

Hyndman ME, Verma S, Rosenfeld RJ, et al: In-
teraction of 5-methyltetrahydrofolate and tetrahy-
drobiopterin on endothelial function. Am J Physiol
Heart Circ Physiol, 2002; 282: H2167-H2172.
Moat SJ, Clarke ZI., Madhavan AK, et al: Folic
acid reverses endothelial dysfunction induced by
inhibition of tetrahydrobiopterin biosynthesis.
Eur ] Pharmacol, 2006; 530: 250-258.

Verhaar M C, Wever RM, Kastelein JJ, et al: 5-m-
ethyltetrahydrofolate, the active form of folic acid,
restores endothelial function in familial hypercho-
lesterolemia Circulation, 1998; 97: 237-241.

Gori T, Burstein JM, Ahmed S, et al: Folic acid
prevents nitroglycerin-induced nitric oxide syn-
thase dysfunction and nitrate tolerance: a human

in vivo study. Circulation, 2001; 104: 1119-1123.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

. Hawkins D, Pauling L: Orthomolecular Psychiatry:

Treatment of Schizophrenia. San Francisco, CA, W.
H. Freeman.1973.

Osmond H, Hoffer H: Massive niacin treatment
in schizophrenia. Review of a nine-year study.
Lancet, 1962; 1: 316-319.

Hoffer A, Osmond H: Treatment of schizophre-
nia with nicotinic acid. A ten year follow-up. Acza
Psychiatr Scand, 1964; 40: 171-189.

Godfrey PS, Toone BK, Carney MW, et al: En-
hancement of recovery from psychiatric illness by
methylfolate. Lancer, 1990; 336: 392-395.
Godfrey PS, Toone BK, Carney MW, et al: En-
hancement of recovery from psychiatric illness by
methylfolate. Lancer, 1990; 336: 392-395.

Passeri M, Cucinotta D, Abate G, et al: Oral 5'-
methyltetrahydrofolic acid in senile organic mental
disorders with depression: results of a double-blind
multicenter study. Aging (Milano), 1993; 5: 63-71.
Guaraldi GP, Fava M, Mazzi F, et al: An open tri-
al of methyltetrahydrofolate in elderly depressed
patients. Ann Clin Psychiatry, 1993; 5: 101-105.
Behzadi AH, Omrani Z, Chalian M, et al: Folic
acid efficacy as an alternative drug added to so-
dium valproate in the treatment of acute phase
of mania in bipolar disorder: a double-blind ran-
domized controlled trial. Acta Psychiatr Scand,
2009; 120: 441-445.

Newbold HL: Vitamin Bi: placebo or neglected
therapeutic tool? Med Hypotheses, 1989; 28: 155-
164.

Misra HP, Fridovich I: The role of superoxide an-
ion in the autoxidation of epinephrine and a sim-
ple assay for superoxide dismutase. J Bio/ Chem,
1972; 247: 3170-3175.

Babior BM, Kipnes RS: Oxidation of epinephrine
by a cell-free system from human granulocytes.
Blood, 1976;47: 461-471.




