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Abstract 
 
Cases of chronic fatigue syndrome/mylagic encephalomyelitis (CFS) are reported to 
be initiated by nine different short-term stressors, each of which increase levels of 
nitric oxide in the body.  Elevated nitric oxide, acting through its oxidant product, 
peroxynitrite, initiates a local biochemical vicious cycle, the NO/ONOO- cycle, which 
is proposed to be the cause CFS and related diseases.  Evidence supporting this 
cycle mechanism in CFS comes from each of the following types of evidence:  Case 
initiation by such stressors, the extensive evidence supporting the existence of 
individual cycle mechanisms, evidence showing that various cycle elements are 
elevated in CFS cases, evidence for a basically local mechanism in CFS and related 
disease, evidence from CFS animal models, genetic evidence from genetic 
polymorphism studies and evidence from clinical trials of agents predicted to down-
regulate the NO/ONOO- cycle.  Each of the five principles underlying the NO/ONOO- 
cycle mechanism is supported by one or more of the above described types of 
evidence.  The cycle involves oxidative stress, excessive nitric oxide synthase 
(NOS) activity, mitochondrial dysfunction, inflammatory biochemistry, excitotoxicity 
including excessive NMDA activity and tetrahydrobiopterin depletion.  There is 
evidence, ranging from extensive to modest, supporting roles for each of these in 
CFS. 
 
Clinical studies of treatment protocols containing 14 or more agents predicted to 
down-regulate the NO/ONOO- cycle appear to be effective in the treatment of CFS 
and related diseases.  However, none of these have yet been shown to be able to 
cure substantial numbers of cases of CFS or related illnesses.  The author discusses 
one such protocol and suggests an approach, previously tested only as a single 
agent treatment, that may strenthen these multi-agent protocols to obtain at least 
some of the needed cures. 
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Introduction 

 
Chronic fatigue syndrome (CFS) and such related multisystem illnesses as multiple 
chemical sensitivity (MCS), fibromyalgia (FM) and post-traumatic stress disorder 
(PTSD) are all thought to be caused by a biochemical vicious cycle mechanism now 
called the NO/ONOO- cycle [1-14].  Cases of these illnesses are initiated by any of 
several diverse short-term stressors, each of which has the ability to increase nitric 
oxide levels in the body [1,6,9,13], Table 1.   
 
Cases of CFS are most commonly initiated by viral or bacterial infections, with the 
viruses including coxsackie, Epstein-Barr, rubella, varicella, parvovirus, Borna and 
Ross River viruses [1,4].  West Nile virus should probably be added to this list, 
since substantial numbers of severe infections with that virus are reported to 
develop chronic CFS-like symptoms [15].   Such initiating stressors as viral, 
bacterial and protozoan infections and also exposure to ionizing radiation act to 
increase nitric oxide levels by inducing the inducible nitric oxide synthase, iNOS 
[1,4,13], whereas each of the stressors that initiate cases of MCS (Table 1) as well 
as some others [1,10], act via increased NMDA activity which acts, in turn through 
calcium-dependent stimulation of nNOS and eNOS activity.  So the common feature 
is not the specific nitric oxide synthase (NOS) isozyme involved, let alone the 
pathway of such NOS stimulation, but rather the consequent increase in nitric 
oxide.  The consequent chronic illness initiated by such largely short-term nitric 
oxide level increases is thought to be produced by the NO/ONOO- cycle (Fig. 1), a 
cycle that may be initiated largely via peroxynitrite, a potent oxidant formed by the 
diffusion-limited reaction of nitric oxide and superoxide (OO.-) [1,4,6,10].   
 
Each of the arrows diagrammed in Fig. 1, represents one or more mechanisms by 
which one of the elements of the cycle produces increases in another such element 
[1,6].  The combination of these mechanisms produces, therefore,  a series of 
interacting cycles that is known as the NO/ONOO- cycle, based on the structure of 
nitric oxide (NO) and peroxynitrite (ONOO-), pronounced no, oh no!  Other 
elements of the cycle include superoxide, oxidative stress (an imbalance between 
oxidants and antioxidants), intracellular calcium levels, NF-�B activity (an 
important transcription factor stimulated by both oxidants (including peroxynitrite 
and many free radicals) and by intracellular calcium, certain inflammatory cytokines 
shown in the upper right corner box, iNOS, nNOS and eNOS activity and various 
mechanisms increasing superoxide levels (Fig. 1) [see ref. 1,6].  In addition, certain 
receptors occurring in neuronal and also some non-neuronal cells, the vanilloid 
(TRPV1) receptors and the NMDA receptors are thought to have important roles, as 
well [1-3,6,10,12].  There are 22 distinct mechanisms proposed to be involved in 
these arrows, of which 19 are well accepted, established biochemistry and 
physiology [1].  Of the other three, the actions of nitric oxide and peroxynitrite on 
the electron transport chain of the mitochondrion and the action of oxidants in 
increasing TRPV1 activity, these three are now considerably better documented 
[10] then they were when the Fig. 1 cycle was previously proposed [1,6].  
Furthermore, other members of the TRP receptor family, including the TRPA1 
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receptors and TRPM2 receptors are also stimulated by correlates of oxidative stress 
[10], suggesting that they may play similar roles, as well.   
 
Consequently, it may be seen from the above, that there is a massive amount of 
evidence supporting the specific mechanisms of the NO/ONOO- cycle diagrammed 
in Fig. 1 and the only thing that is truly original is the assumption that these 
mechanisms fit together in the way one might assume when placing them into 
juxtaposition with each other.   
 
Despite the complexity of the Fig. 1 cycle diagram, there are two distinct parts of 
the NO/ONOO- cycle that are not apparent from it [1,2,10,13]: 
 
1. There are several specific mechanisms that produce mitochondrial/energy 
metabolism dysfunction.  These include the attack by peroxynitrite on several 
important mitochondrial proteins, acting by disrupting iron-sulfur clusters and by 
nitration of tyrosine residues; stimulation of poly ADP-ribosylation of chromosomal 
proteins by peroxynitrite-generated single strand nicks in DNA, leading in turn to 
depletion of NAD/NADH pools; oxidation of cardiolipin molecules in the inner 
mitochondrial membrane, initiated by elevated superoxide levels in the 
mitochondrion, leading in turn to lowered complex I, III and IV activity; inhibition 
of cytochrome oxidase (complex IV) activity by nitric oxide.  Each of these will 
produce lowered oxygen utilization in the tissues, something reported to occur in 
CFS.  Such mitochondrial/energy metabolism dysfunction will act as part of the 
NO/ONOO- cycle by increasing NMDA activity and probably by increasing 
intracellular calcium levels, with the latter being a consequence of lowered calcium-
ATP activity, an activity essential to the lowering of intracellular calcium levels. 
2. Peroxynitrite oxidizes a compound known as tetrahydrobiopterin (BH4), a 
compound that acts as a cofactor for the nitric oxide synthases and also has a role 
in the production of catecholamines and serotonin/melatonin.  The consequent BH4 
deficiency produces a partial uncoupling of the nitric oxide synthases, such that 
uncoupled enzymes generate superoxide instead of nitric oxide [13].  Such BH4 
depletion in tissues with high NOS activity will produce adjacent NOS enzymes 
generating nitric oxide and superoxide which will react rapidly with each other to 
form more peroxynitrite.  This may serve as an inner vicious cycle within the larger 
NO/ONOO- cycle, such that increasing BH4 levels and lowering peroxynitrite levels 
may be essential to effectively treating NO/ONOO- cycle diseases by down-
regulating the NO/ONOO- cycle.  
 
The elevated peroxynitrite/BH4 depletion couplet will be expected to lower nitric 
oxide levels while increasing peroxynitrite levels.  It follows that agents that lower 
this couplet activity, may actually increase nitric oxide levels while producing 
clinical improvements in the patients [13].  It is even possible that the action of this 
couplet may produce NO/ONOO- cycle illnesses where the whole body production of 
nitric oxide may not be elevated in comparison with controls.  The two published 
studies of nitric oxide production in CFS support the view that such production is 
elevated but that is not necessarily predicted to occur in all NO/ONOO- cycle 
diseases. 
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A diagram containing these additional aspects of the cycle is shown in Fig. 2.  We 
have here the reciprocal interactions between peroxynitrite (abbreviated PRN) and 
BH4 depletion.  Also the depletion of ATP pools and its roles in the cycle are 
diagrammed as well.   In the upper left hand corner, it is suggested that not only 
the TRPV1 (vanilloid) receptor has a role here, but other member of the transfer 
receptor potential (TRP) family including TRPA1 and TRPM2 may have roles as well 
[9,10].   
 

Five Principles 
 
There are five principles underlying the NO/ONOO- cycle mechanism, the first two 
of which have already been discussed [taken from the authors web site and also 
refs. 1,6,10]: 
 
1. Cases can be initiated by short-term stressors that increase nitric oxide 
and/or other cycle elements. 
2. The chronic phase of illness is produced by the NO/ONOO- cycle.  It is 
predicted, therefore, that the cycle elements will be elevated in the chronic phase of 
illness. 
3. The symptoms and signs of illness must be generated by one or more 
elements of the cycle. 
4. The basic mechanism of the cycle is local and will be localized to different 
tissues in different individuals.  The reason for this primarily local nature is that the 
three compounds involved, nitric oxide, superoxide and peroxynitrite, have limited 
half lives in biological tissues.  And the mechanisms of the cycle, those various 
arrows, act at the level of individual cells.  This allows for great variations tissue 
distribution from one patient to another, producing a huge spectrum of illness.  The 
point here is not that there are no systemic  changes – clearly antioxidant 
depletion, neuroendocrine and immune system changes and actions of some 
inflammatory cytokines will be systemic.  But rather this primarily local nature gives 
much inherent variation due to the tissue localization of the basic mechanism [see 
Chapter 4 ref.1].  A correlate of the local basic nature of the cycle is that different 
NO/ONOO- cycle diseases will differ from one another in what tissue or tissues must 
be impacted by the cycle in order to be diagnosed as a specific cycle-caused 
disease.   
5. NO/ONOO- cycle diseases should be treated by down-regulating the 
NO/ONOO- cycle biochemistry, rather than by symptomatic relief.  In other words, 
we should treat the cause, rather than the symptoms. 
 
These five principles are important in three distinct ways.  Firstly, they collectively 
produce an essentially complete model of any NO/ONOO- cycle disease.  Secondly, 
the fit to each of the five principles for a particular disease or illness provides a 
distinct type of evidence for the causality of the cycle.  Such diverse evidence for 
causality, such as may be provided by the fit to all five principles, is essential to 
provide a robust structure of evidence, suggesting that the cycle is the cause of a 
specific disease.  Accordingly, the third important way in which the five principles 
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are important is as follows:  The fit to each of the five serves as a criterion for 
deciding whether a specific disease/illness is a good candidate for inclusion under 
the NO/ONOO- cycle paradigm.  As such, the five principles function for the 
NO/ONOO- cycle a bit like Koch’s postulates function for possible infectious 
diseases. 
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CFS and the First Two Principles 

 
We’ve already discussed the first principle and how it fits well for CFS.  Each of the 
nine short-term stressors implicated in the initiation of cases of CFS (Table 1) can 
increase the levels of nitric oxide in regions of the body impacted by them.  So we 
have a very good fit for the first principle. 
 
To look for fit to the second principle, we must look for where the various elements 
of the cycle have been studied in CFS.  CFS has been extensively reported in 13 
different studies to have elevated markers of oxidative stress [reviewed in 1,14,16]  
and two additional such studies have been reported more recently [17,18], clearly 
showing that oxidative stress is one of the most extensively documented properties 
of CFS.  It also has extensive evidence for mitochondrial dysfunction [reviewed in 
1,4], leading to lowered oxygen utilization in the tissues [19-21] and lactate 
accumulation in the cerebrospinal fluid [22].  
  
One specific mechanism described above for the mitochondrial dysfunction, is the 
generation of cardiolipin oxidation by elevated superoxide levels in the 
mitochondrion and there is evidence that this occurs in CFS.  Hokama and his 
colleagues [23,24] have reported that a ciguatera epitope occurs in the blood of 
people with CFS and some other diseases and has also reported that the same 
epitope occurs in commercial grade cardiolipin [24].  Such commercial grade 
cardiolipin is almost certainly highly oxidized because cardiolipin contains 
essentially all highly oxidizable linoleic acid residues, suggesting that the ciguatera 
epitope is none other than a peroxidation product of cardiolipin.  It may be inferred 
from these observations that CFS patients probably have elevated levels of 
superoxide in the mitochondria, leading to elevated cardiolipin peroxidation.  
 
There are two studies, one of them my own, reporting that nitric oxide levels are 
elevated in CFS [25,26].  The importance of this is emphasized by the apparent 
clinical responses to the potent nitric oxide scavenger, the form of vitamin B12 
known as hydroxocobalamin [1,11,27].  
 
There have been multiple studies reporting elevated levels of inflammatory 
cytokines in CFS [reviewed in refs. 1,4,28].  I discuss further evidence, below, for 
an important causal role for inflammatory responses in CFS from animal model 
studies, from the effectiveness of an antiinflammatory therapeutic agent and from 
gene expression studies.   
 
There are clinical observations strongly suggesting  that there is excessive 
excitotoxicity in CFS, including excessive NMDA activity [26,29-31].  In the closely 
related diseases, FM and MCS, the evidence for excessive NMDA activity is much 
more extensive [reviewed in 1,4,6,10].   
 
Two recent studies have reported elevated NF-�B activity in CFS, while mistakenly 
calling it NF-kappa beta [32,33].  These two studies ascribed the induction of iNOS 
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and certain inflammatory cytokines to increased NF-�B activity, as I had done 
much earlier [4].  And while TRPV1 activity has not been studied in CFS, it has been 
shown to be elevated in MCS as well as the comorbid illness irritable bowel 
syndrome [reviewed in 1,9,10].   
 
And, finally although BH4 depletion has not been studied directly in CFS, there is 
evidence that will be discussed below that agents known to be able to help restore 
BH4 pools, are helpful in the therapy of CFS.  Furthermore autism patients, which 
many have argued are similar to CFS patients, have been shown in three clinical 
trials to be helped by BH4 nutritional supplements [reviewed in chapter 14, ref. 1].   
 

Animal Models 
 
There are limited animal model studies of CFS and these also have shown elevation 
of certain NO/ONOO- cycle elements.  
 
A mouse model of CFS is initiated to apparent fatigue by treatment with a bacterial 
extract [34-36]  that increases nitric oxide levels [37,38].   It is characterized by 
elevated inflammatory cytokines [34,35] and also mitochondrial dysfunction in 
regions of the brain [36].  Other apparent CFS animal models also implicated 
increased inflammatory cytokines [39,40].   
 
In another mouse model of CFS, chronic fatigue was correlated with elevated 
markers of oxidative stress [41-43].  A number of antioxidants were found to be 
useful in treatment [41-43], suggesting that oxidative stress has a substantial 
causal role.  
 
Thus the available data on these animal models properties appear to be consistent 
with a NO/ONOO- cycle mechanism. 
 

Genetic Studies 
 
Genes that produce an increased susceptibility for a disease can often provide very 
useful information regarding possible biological mechanism.   Several such studies 
have been published on CFS, so it is important to look at them to determine 
whether they are consistent with the NO/ONOO- cycle mechanism.  Let’s look at the 
various examples of genetic roles with this question in mind. 
 
Studies of an Australian family by Torpy and coworkers have shown that a gene for 
defective cortisol binding protein causes a strong predisposition for developing CFS 
[44-46].  It was also associated with orthostatic intolerance, a common correlate of 
CFS and related illnesses.  Defective cortisol binding protein is expected to produce 
a lowered ability to respond to cortisol. A study of genes influencing the 
hypothalamic-pituitary adrenal axis, which may act through changed cortisol 
production, were also found to influence the prevalence of unexplained chronic 
fatigue [47].  Since cortisol and other glucocorticoids are known to lower the 
induction of iNOS [reviewed in 4], these studies are consistent with a role for nitric 
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oxide in initiating cases of CFS.  A role for cortisol is also supported by a recent 
study of single nucleotide polymorphisms in the glucocorticoid receptor gene [48], 
where several such alleles were associated with increased risk for CFS. 
 
Alleles of a serotonin transporter gene producing increased serotonin transport and 
therefore lowered extracellular serotonin was also found to produce increased 
susceptibility to developing CFS [49].  The authors suggested that this 
polymorphism may act to produce lowered cortisol production [49].  The serotonin 
receptor HTR2A was implicated in CFS, because the promoter region polymorphism, 
-1438G/A was associated with increased prevalence of CFS and also unexplained 
fatigue [50].  However the interpretation for this is unclear because the data on 
whether this polymorphism produces increased or decreased promoter activity is 
mixed [50].  So at this point, it is difficult to interpret the serotonin related genetic 
activity for CFS. 
 
Vladutiu and Natelson [51] found a polymorphism in the angiotensin converting 
enzyme (ACE) that was associated with unexplained fatigue in the Gulf War 
veterans.  ACE is known to act by generating angiotensin II.  Angiotensin II is 
known to act to produce tetrahydrobiopterin (BH4) depletion [52-54], leading to 
partial uncoupling of the nitric oxide synthases and increased superoxide production 
[52-54].  Thus this study provides some support for a role for two elements of the 
NO/ONOO- cycle, BH4 depletion and superoxide. 
 
 
 
Carlo-Stella et al [55] reported that pro-inflammatory alleles in the TNF-� gene 
and the IFN-� gene were associated with CFS.  Metzger et al [56] reported that a 
pro-inflammatory allele in the IL-17 gene was also associated with CFS.  Both of 
these studies, then, implicate inflammatory responses as having causal roles in 
CFS, and ref.55 implicates two specific inflammatory cytokines suggested to be 
involved in the NO/ONOO- cycle. 
 
Boles and coworkers [57,58] have shown that maternally inherited mitochondrial 
mutations can produce CFS or, at least, CFS-like symptoms, along with a much 
broader spectrum of symptoms.  These results suggest that mitochondrial/energy 
metabolism dysfunction can have a causal role in producing CFS, another 
observation compatible with the the NO/ONOO- cycle mechanism.   
 
Another observation that may also be compatible with a role of energy metabolism, 
is that Ehlers-Danlos syndrome may play a causal role in cases of CFS and 
orthostatic intolerance [59].  Ehlers-Danlos is a genetic defect in the structure of 
collagen and many cases of Ehlers-Danlos syndrome produce vascular dysfunction 
and therefore possible tissue hypoxia and deficient oxidative phosphorylation [59-
61].  It follows that this observation may possibly be interpreted as being due to a 
role of normal energy metabolism in preventing cases of CFS.   
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In summary, then, the various genetic studies provide evidence for an important 
role of such NO/ONOO- cycle elements as inflammatory biochemistry, 
mitochondrial/energy metabolism dysfunction and BH4 depletion and consequent 
increased superoxide production.  The role of cortisol can be interpreted as being 
due to the role of cortisol in limiting iNOS induction and may act in this way to 
influence another cycle element.  So these observations seem to be quite 
compatible with a NO/ONOO- cycle mechanism, although we clearly need 
considerably more study of the genetics of CFS. 
 

Generation of Shared Symptoms and Signs 
 
The third principle of the NO/ONOO- cycle is that symptoms or signs of illness must 
each be generated by one or more elements of the cycle.  
Many symptoms and signs of CFS are also shared by other multisystem illnesses 
proposed to also be NO/ONOO- cycle diseases, notably fibromyalgia, multiple 
chemical sensitivity and post-traumatic stress disorder.  A list of such shared 
symptoms and signs, along with plausible mechanisms by which they may be 
generated by cycle elements, is shown in Table 2.   One point should be 
emphasized – these are plausible mechanisms not established mechanisms in CFS. 
 

Specific Signs and Symptoms for CFS and Where to Look for a Specific 
Biomarker Test 

 
According to the NO/ONOO- cycle model, the difference between one NO/ONOO- 
cycle disease/illness and another, lies in the tissue or tissues that must be impacted 
by the cycle in order to meet the diagnostic criteria for that specific disease.  An 
example of such specific tissue involvement may be found in FM, where it appears 
likely that the thalamus must be impacted in order to generate the widespread 
excessive pain that is the most characteristic symptom in FM [1,6].   
 
What is the critical tissue that must be impacted in CFS and what impact does such 
impact have?  I don’t know the answer to the first part of this question but I do 
think I know the answer to the second part.  The most characteristic symptom in 
CFS is thought to be what has been called post-exertional malaise [62-64].  Here, 
all of the symptoms of CFS are increased following excessive exercise.  So the thing 
that is most characteristic of CFS is the inability to deal effectively with exercise and 
possibly certain other stressors.  This also suggests that in order to develop a 
specific biomarker test for CFS, we should not look to the various systemic 
biochemical changes which may be in common with many other diseases, but 
rather we should look to one or more differences in response to exercise. 
 
When I was discussing this issue with Dr. Paul Cheney, he suggested that the 
differences he sees with his CFS patients in response to exercise is their cortisol 
response.  When normal people exercise, their cortisol levels go up [65,66].  This is 
not surprising, given that cortisol is used in the body to adjust to quite a number of 
stressors.  What Cheney told me is that when his CFS patients exercise, cortisol 
levels either stay the same or drop.  Similar cortisol responses to exercise in CFS 
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patients have been reported by Ottenweller et al. [67], suggesting this may be a 
common, possibly universal feature of CFS patients.  
 
It should be noted that hypothalamic-pituitary-adrenal axis dysfunction occurs in 
CFS, FM, MCS and PTSD, all proposed NO/ONOO- cycle diseases, as well as in many 
other chronic inflammatory diseases [Chapter 3 in ref. 1], so some changes in the 
control of cortisol release are not specific for CFS.  These may, rather, reflect some 
aberration produced by oxidative stress or some other general correlate of these 
diseases.  However, there is some published evidence, that CFS may have a more 
specific change in cortisol regulation not found in FM patients [68-70].   
 
It may be argued that because of the role of cortisol and other glucocorticoids in 
lowering iNOS induction, as discussed above, that the failure to up-regulate cortisol 
levels following exercise may lead to an inappropriate increase in iNOS levels, 
leading in turn to increased nitric oxide levels and NO/ONOO- cycle activity.  In this 
way, the across the board increase in symptoms in CFS patients following exercise 
(“post-exertional malaise”), may be explained as a consequence of the up-
regulation of the basic mechanism causing CFS.   
 
An up-regulation of the NO/ONOO- cycle biochemistry in response to exercise may 
explain the observations of Melvin Ramsay in his pioneering observations on CFS.  
Ramsay reported that those who persist in working after coming down with CFS 
until they collapse have the poorest prognosis [71].  Somewhat similarly, Harvey et 
al [72] suggested that “Continuing to be active despite increasing fatigue may be a 
crucial step in the development of CFS.”   A possible causal relationship between 
hypocortisol responses in CFS and post-exertional malaise was proposed by 
Baschetti et al [73], who reviewed several studies of cortisol control in CFS.  
Baschetti et al [73] also noted that many people diagnosed on the Oxford criteria 
do not have the hypocortisol response to exercise and therefore may not have true 
chronic fatigue syndrome.   
 
These considerations suggest that a search for specific biomarker tests for CFS, 
should focus on changes in response to exercise that may be specific for CFS 
patients, that is not shared either by normals or by others suffering from different 
diseases.  There have been a number of studies showing that in addition to cortisol, 
CFS patients respond to exercise in ways that are different from the responses of 
normal controls.  Jammes et al [74] reported that oxidative stress markers 
increased more in CFS patients after exercise than in normal controls, consistent 
with a NO/ONOO- cycle elevation.  La Manca et al [75] found much larger cognitive 
deficits after exercise in CFS patients than in normal controls.  There may be a 
number of responses to exercise that may be appropriate as specific biomarker 
tests for CFS.  The ones that may be the best, from the standpoint of the 
NO/ONOO- cycle mechanism, may be cortisol levels or responses of NO/ONOO- 
cycle elements. 
 
Before leaving this topic, however, there is an additional issue that may be 
understood as possibly being a consequence of changed cortisol control in CFS.  
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Peckerman et al [77,78] and Cheney [79] have reported that many CFS patients 
have cardiac dysfunction including left ventricular function.  There is no 
understanding, to my knowledge, of how these cardiac changes may be produced 
as a consequence of the CFS pathophysiology.  However, there is evidence that 
lowered cortisol levels can produce cardiac dysfunction, including lowered left 
ventriculal function [80-86].  It seems likely that the need for cortisol in the heart 
may be expected to be particularly important during and immediately following 
exercise due to the stresses placed on the heart by exercise.  It may be suggested, 
therefore, that the cardiac dysfunction seen in many CFS patients may be caused 
by their lowered cortisol production during and following exercise.   
 

Local Nature of the CFS Mechanism 
 
The stunning variation of symptoms seen from one CFS patient to another has 
created substantial difficulties in coming up with a simple case definition/set of 
diagnostic criteria for CFS [62,63,76].  It is difficult to expain this variation without 
either postulating a dozen or more “causes” or, alternatively and much more 
simply, a single local mechanism with variation in tissue distribution, from one 
patient to another. 
 
Direct evidence for such variation of impact on local tissues has been seen in brain 
scan studies of CFS patients, where such tissue variation can be directly observed.  
I will only discuss two such studies here, both magnetic resonance imaging (MRI) 
studies from the Natelson group.  In one of these [87], CFS patients had much 
higher frequencies of abnormal scans, but the scan patterns from one patient to 
another were highly variable.  In a second study [88], there were again highly 
variable scans among patients.  Those with the most severe cognitive dysfunction 
had substantial frontal lobe impact.   
 
Both of these studies provide substantial evidence for a local mechanism, with the 
second suggesting that specific region impact may be responsible for the generation 
of specific symptoms.  This is not the only suggested role of a specific region of the 
brain in the generation of specific symptoms in this group of illnesses.  Impact on 
the thalamus is likely to generate the widespread excessive pain in fibromyalgia 
and the anxiety and panic attack symptoms that are common symptoms with these 
illnesses may be due to impact on the amygdala [1,6]. 
 
Similar variations in brain scans have also been seen in such related illnesses as 
FM, MCS and PTSD [1].   
 
There is also evidence from variations in gene expression from one CFS patient to 
another, suggesting variable tissue distribution.  The most apparently relevant of 
such gene expression studies is the recently published study of Kerr et al [89].   In 
that study, CFS patients were divided into different subtypes based on their gene 
expression patterns.  These also corresponded, at least to some extent to variations 
is symptomatic patterns.  Based on the gene expression patterns [89], different 
patients differed in terms of gene expression for genes linked to cognitive, 
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musculoskeletal, anxiety/depression, neurological, gastrointestinal and 
hematological function.  Each of these can be interpreted in terms of gene 
expression relating to different regions of the body.  While it is unclear to me why 
lymphocytes and other white blood cells should have increased gene expression for 
genes related to, for example, neurological function, it is difficult to avoid the 
inference that impact on regions of the body must lead to increased gene 
expression for genes whose functions are linked to those regions of the body.  So 
this study supports the interpretation that there appear to be regional variation 
among patients of a basically local mechanism, leading, in turn, to classification of 
different patients to different subtypes. 
 

Gene Expression Studies:  Evidence for Role of Cycle Elements  
 
There have been a number of additional gene expression studies of CFS.  Several of 
these provide substantial evidence for the involvement of mechanisms that are part 
of the NO/ONOO- cycle.   
  
For example, several of these studies provide evidence for changes in gene 
expression of genes that function on energy metabolism and mitochondrial function 
[89-92], suggesting an important role of mitochondrial dysfunction in CFS.  Several 
studies also provide evidence for chronic inflammatory responses in CFS [93-95], 
supporting another aspect of the NO/ONOO- cycle.  The data of Kaushik et al 
provide evidence for a role of neuronal dysfunction including possible excitotoxicity 
[90]. 
 
To my knowledge, there has not been any analysis of the gene expression data to 
determine whether they provide evidence for elevated NF-�B activity or activity of 
other transcriptional factors that are known to be activated by oxidants and 
oxidative stress. So we do have evidence from gene expression studies of CFS, 
supporting roles for elements of the NO/ONOO- cycle but we are still in the early 
stages of analyzing the available data for consistency with the predictions of the 
NO/ONOO- cycle.   
 

Therapy:  Avoiding Infections, Excessive Exercise, Allergens 
and Other Stressors 

 
The fifth principle is that NO/ONOO- cycle diseases should be treated by lowering 
the cycle biochemistry.  There are two aspects to this approach:  Avoiding stressors 
that will otherwise up-regulate the NO/ONOO- cycle biochemistry and using agents 
that lower the cycle biochemistry.  Both are important and this section considers 
the first of these.  Among the stressors that are important in exacerbating CFS are 
infections and there is a large literature reporting that infections can not only 
initiate cases of CFS, but that infections can exacerbated cases as well.  Among the 
infectious agents that are implicated in chronic infections of CFS cases, are Borrelia 
(Lyme disease) and other tick-born infectious agents, mycoplasma, Chlamydia and 
herpes viruses including HHV-6.  In some instances, these may have initiated the 
CFS cases but in others, an opportunistic infectious role may be more plausible.  
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The general question is whether these can be treated by treatments that help 
restore normal immune function or whether it is necessary to use antibiotic 
treatments to effectively treat CFS?   
 
Other stressors that will commonly up-regulate the NO/ONOO- cycle biochemistry 
include exercise triggering post-exertional malaise, as discussed above and 
exposure food or other allergens in the many CFS patients that suffer from such 
allergies.   
 
Stressors that up-regulate the NO/ONOO- cycle biochemistry in related illnesses, 
such as MCS or PTSD, notably chemical exposure or psychological stress, may also 
have roles in some CFS cases.   
 
Clearly there is a lot of variation in the impact of various stressors among CFS 
cases and these lead to variations in the optimal strategy for treatment among 
cases, as well.  
 

Therapy:  Agents that Lower NO/ONOO- Cycle Biochemistry 
 
In Chapter 15, ref.1, there were 30 different agents/classes of agents listed and 
available currently that were predicted to lower different aspects of the NO/ONOO- 
cycle biochemistry and others have become apparent since that chapter was 
written.  Of these agents/classes of agents, we have clinical trial studies on sixteen 
of them in CFS and/or FM and all 16 have been reported to be helpful in treatment 
(Table 3).  These studies not only provide evidence supporting the NO/ONOO- cycle 
mechanism as a whole, but also provide evidence for a substantial causal role for 
several specific aspects of the cycle mechanism.   
 
As can be seen from Table 3, of these 16 classes of agents, at least four have 
antioxidant properties, providing evidence that oxidative stress has an important 
causal role in generating these illnesses.  Some of these agents either act as NMDA 
antagonists, or act indirectly to lower NMDA activity, thus providing strong evidence 
for a causal role of excessive NMDA activity.  Carnitine/acetyl carnitine, coenzyme 
Q10 and possibly hyperbaric oxygen are likely to act to help improve mitochondrial 
function, thus providing evidence for a substantial causal role of 
mitochondrial/energy metabolism dysfunction.   
 
The potent nitric oxide scavenger, hydroxocobalamin is a form of vitamin B12, 
raising the question of whether it is acting here primarily as a nitric oxide scavenger 
or to allay a B12 deficiency.  In the published clinical trial study [27], there was no 
correlation between initial B12 levels and the clinical response.  Furthermore, much 
higher doses are needed to get good clinical responses here than are needed to 
treat a B12 deficiency [Chapter 6, ref.1]. It seems unlikely, therefore, that 
hydroxocobalamin is acting to allay a B12 deficiency.  The potent action of 
hydroxocobalamin as a nitric oxide scavenger is well established, such that 
hydroxocobalamin has been used in experimental settings to establish a role for 
nitric oxide in biological processes [11, Chapter 6, ref.1].   
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There is also weaker evidence for two other aspects of the NO/ONOO- having a 
causal role.  The long chain omega-3 fatty acids in fish oil are well established to 
have antiinflammatory aspects, so that their reported efficacy provides some 
evidence for an inflammatory causal role.  High dose vitamin C and high dose folate 
supplements help restore BH4 levels, suggesting a causal role of BH4 depletion, but 
again, there are other possible interpretations for their action, so the evidence for 
BH4 depletion being causal in CFS, from clinical trial data alone, must be viewed as 
relatively weak.  Interestingly in autism, which some view as being similar to CFS, 
there are three clinical trial studies all reporting that BH4 supplements produce 
statistically significant improvements [Chapter 14, ref.1]. 
 
The evidence for roles of oxidative stress, mitochondrial dysfunction and 
excitotoxicity including excessive NMDA activity from clinical trial data are relatively 
strong.  We have weaker but still suggestive data for roles of excessive nitric oxide, 
chronic inflammatory biochemistry and BH4 depletion from such clinical trial data.  
It is difficult to see how these various cycle elements can be implicated from clinical 
trial data alone, unless the NO/ONOO- cycle or something very similar to it is the 
central causal mechanism in CFS and FM.  When you add the various other types of 
evidence, supporting roles for each of these cycle elements in CFS that were 
reviewed above, the case for the NO/ONOO- cycle being the central causal 
mechanism in CFS becomes very substantial. 
 

Treatment Protocols with Multiple Agents Lowering 
NO/ONOO- Cycle Biochemistry 

 
In Chapter 15, ref.1, five treatment protocols are discussed that include at least 14 
agents/classes of agents and have been tried with CFS, FM and/or MCS.  Of these, 
only two, those of Teitelbaum and Nicolson, have been tested in clinical trials and 
found to be effective.  The other three, Cheney’s, Petrovic’s and the one I worked 
on with Dr. Grace Ziem only have clinical observations of apparent effectiveness.  
Nevertheless, it appears that these are considerably more effective than are the 
individual agents that make them up, suggesting that an approach using multiple 
agents may be an attractive one for the treatment of presumed NO/ONOO- cycle 
diseases.  The reader can get more information on those protocols from Chapter 
15, ref.1.   
 
I will discuss here, an additional protocol, this one containing 22 different agents 
predicted to down-regulate various aspects of the NO/ONOO- cycle, with each of 
these agents being nutritional supplements available to persons in the U.S., Canada 
and the EU.  This nutritional support protocol was designed by me for the Allergy 
Research Group, using four supplement combinations that are newly formulated 
and three others that were already being sold by the Allergy Research Group.  The 
components of this protocol, and indeed the entire nutritional support protocol, is 
not sold to treat or cure any disease. 
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Of the 22 different types of supplements included, 11 are listed in Table 3 and are 
follows: 
 

 Trimethylglycine (betaine) 
 Coenzyme Q10 
 RNA  
 Folic acid (folate) 
 Hydroxocobalamin (B12) 
 Ecklonia cava extract 
 Acetyl-L-carnitine 
 Flavonoids 
 Fish oil 
 Magnesium 
 Vitamin C 

 
The other 11 are described in Table 4. 
 
The reader needs to be skeptical about my descriptions of apparent responses to 
the nutritional support protocol provided below for three distinct reasons: 
1. These descriptions are all based on feedback from physicians and other 
health care providers as well as from anecdotal reports from individuals with these 
multisystem illnesses who have tried this protocol.   
2. There have been no clinical trials of this protocol. 
3. I receive a small royalty for the design of four of these supplement 
combinations, and so I have a conflict of interest here.  The reader needs to keep 
that in mind. 
 
Suggested dosage for Allergy Research Group nutritional support protocol, follows.  
My suggestion is that people interested in taking this protocol, introduce one 
combination at a time, for three days before introducing the next.  The idea here is 
that if any of the seven supplement combinations are not well tolerated, it can be 
dropped by the individual.  Some individuals, particularly in the MCS group, do not 
tolerate individual supplements and there is at least one type of person who does 
not tolerate most of them.   
 
1.  #75930 CoQ-Gamma E with Tocotrienols & Carotenoids: one capsule per day in 
the morning.  Those with body weights over 100 lbs should add a second capsule at 
mid-day.  
2.  #75780  FlaviNox: one capsule, four times per day, three preferably with or 
after meals.  Those with body weights over 120 lbs, should add a second capsule 
with each of three meals. 
3.  #75940  MVM-A Antioxidant Protocol, multivitamin mineral supplement with 
added acetyl L-carnitine: one capsule, four times per day, three preferably with or 
after meals.  Those with body weights over 120 lbs, should add a second capsule, 
with breakfast and with dinner. 
4.  #75960 NAC Enhanced Antioxidant Formula: one each twice per day, with or 
after breakfast and supper.   
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5.  #71250 or #73870 Super EPA (fish oil): one per day in the morning after 
breakfast.  Those with body weights over 100 lbs, should add a second capsule at 
mid-day, taken with or after lunch. 
6.  #75910 FibroBoost (Ecklonia cava extract): one each twice per day, with or 
after breakfast and supper. 
7.  #70010 Buffered Vitamin C: one capsule, four times per day, preferably three 
with or after meals. 
 
It is suggesting that the three products that are to be taken four times per day, be 
taken at the same times, with three being taken with or after the three meals of the 
day and the fourth taken at bedtime. 
 
You can get much more information about these products from the Allergy 
Research Group web site: 
www.allergyresearchgroup.com/ 
 
Description of responses (and again, skepticism should be maintained): 
 
Something like 80 to 85% of individuals trying this protocol report distinct 
improvements, with roughly similar percentages for CFS, FM and MCS sufferers.  
This is somewhat surprising given that most medical care providers feel that the 
MCS cases are the most difficult to treat and there are reports in the literature that 
perhaps 10% of CFSand FM patients see a full recovery but there are no similar 
reports for the MCS group.  In most cases a wide variety of symptoms show 
improvement.  Improvements where seen are maintained—that is relapses among 
those staying on the protocol are rare.  However, stressors do cause a distinct 
worsening of symptoms but that worsening is not sustained when the stressor is no 
longer present. 
 
In some cases, there are remarkable improvements, even among those who have 
been ill for two decades or more.  And such remarkable improvements even occur 
in those who have been severely ill.  Where people respond well to this nutritional 
support protocol, they typically respond within a month or less, although I suggest 
that people who tolerate it well, stay on it for three months even when they do not 
respond in less than a month, as some take longer to respond.  However, others 
show much more modest improvements and there are some who show no clear-cut 
improvement.   
 
A low percentage do not tolerate most of the protocol.  Some, perhaps all of these 
have high levels of mercury.  The probable reason for this inability to tolerate is 
that �-lipoic acid is present in four of the seven components, and �-lipoic acid is 
capable of mobilizing mercury in the body.  It seems likely, therefore, that those 
with high levels of mercury will have to undergo extensive mercury detoxification in 
order to go back on the protocol. 
 
In addition to the a low percentage with mercury toxicity problems, there are 
others (perhaps 10-15%) who tolerate most of the protocol but do not respond in 
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any distinct fashion to it, either positively or negatively.  I speculate that these may 
be people with major issues caused by intransigent chronic infections or possibly 
chemically sensitive individuals who are continually exposed to chemicals.   Still 
others may have problems continual exposure to environmental molds or with food 
allergens.  However, this is speculation that must be questioned.  
 
In general, most individuals with CFS, MCS or FM respond well to the protocol, even 
those who have been ill for two or more decades and those who have been severely 
ill.  The fact that all three of these respond roughly equally well to the protocol 
suggests a that the NO/ONOO- cycle is a common mechanism for all three.  
However, with some having been on the protocol for a year or more at this point, 
we are not seeing the cures that might have been anticipated.  This nutritional 
support protocol is limited to agents that can be sold over-the-counter and limited 
to nutritional supplements, so there may be ways of improving it, a number of 
which are discussed in Chapter 15, ref.1.   
 

How Can We Obtain Substantial Numbers of Cures? 
 
The simple answer to this question is that I don’t know yet, but there is an 
approach that is feasible and plausible that should be tried, in my judgment.  First 
let’s ask why we are not seeing substantial numbers of cures? 
 
In principle, there are three possible answers to this, assuming that the NO/ONOO- 
cycle mechanism is central to the etiology of these diseases: 
 
1. The first is that there are aspects of the cycle that we do not yet understand 
and that therefore cannot effectively treat.  This is certainly possible since the cycle 
has become much more complex since I first proposed it [4].  Additional aspects of 
the cycle have been added as a function of important observations on these 
multisystem diseases.  They have also been added as I have researched the basic 
chemistry, biochemistry and physiology of various potential cycle elements.  Thus 
new mechanisms, the arrows in Figs 1 and 2, have been added as it has been 
possible to document them.  Obviously if we are missing something essential in our 
understanding of the cycle, we don’t know how to deal with it. 
2. The second possibility is that many of the sufferers have to deal with 
stressors that are up-regulating the cycle and are not adequately avoiding these 
stressors.  The three of these that may be most important for the CFS group are 
chronic infections, allergens including food allergens and exercise leading to post-
exertional malaise.   
3. The third possibility is that there is one (or perhaps more) aspect of the cycle 
that we are not effectively down-regulating, that may be so important to the cycle 
that it is preventing our obtaining such cures.  It is this third possibility that is the 
focus of the rest of this section. 
 
I have argued above, that the most central part of the cycle is the central couplet, 
the reciprocal interactions between peroxynitrite and BH4.  Recall that peroxynitrite 
oxidizes BH4, leading to BH4 depletion and partial uncoupling of the nitric oxide 
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synthases, causing them to generate both superoxide and nitric oxide, which react 
with each other to form more peroxynitrite (see Fig.2).  This central couplet, acting 
as a vicious cycle within the larger NO/ONOO- cycle may well be the core of the 
cycle and therefore the most important part of the cycle to down-regulate.  We do 
have agents in the Allergy Research Group protocol predicted to down-regulate 
both ends of this couplet, but it is not clear that they are effective in vivo at the 
doses one normally uses.   
 
My candidate for an agent to down-regulate this central couplet is high dose, 
intravenous (IV) ascorbate (vitamin C).  This so-called megadose therapy approach 
is attractive for four different reasons: 
 
1. It has been reported to be effective in clinical trials for both CFS [103-106] 
and MCS [107].  I am also aware of physicians who have used it in their treatment 
of both of these diseases, and reported very substantial apparent effectiveness.  My 
suggestion is to use it with a wide ranging protocol designed to down-regulate 
various aspects of the NO/ONOO- cycle, rather than on its own, but the apparent 
effectiveness of it as a single agent is certainly encouraging. 
 
2. Ascorbate scavenges peroxynitrite and its breakdown products, although it is 
not very effective at the usual blood levels obtained from the use of oral 
supplements [108-112].  Because IV ascorbate can generate blood levels on the 
order of 30 times or more compared with those typically obtained from oral 
supplements [113,114], it is expected to be much more effective at these high 
levels. 
 
3. When BH4 is oxidized by peroxynitrite it is first converted to the one electron 
oxidation product, BH3 [111,112], which is itself unstable.  However BH3 can be 
reduced back to BH4 by ascorbate [111,112] and with the high levels generated by 
high dose IV ascorbate, may be expected to be fairly efficiently reduced before it is 
converted to other, higher level oxidation products.  Thus high dose, IV ascorbate 
may be expected to allow recovery of much of the BH4 that was oxidized by 
peroxynitrite.  
 
4. High dose ascorbate produced by such IV infusion leads to the generation of 
substantial amounts of hydrogen peroxide in the body [115,116] and hydrogen 
peroxide has been shown to induced the enzyme GTP cyclohydolase I [117-119].  
GTP cyclohydrolase I is the first and rate limiting enzyme in the de novo pathway 
for the synthesis of BH4.  Thus high dose IV ascorbate will be expected to increase 
the availability of BH4 by stimulating its synthesis via the de novo pathway.   
 
As one might expect from a combination of these three mechanisms, there is 
evidence that high dose ascorbate increases availability of BH4 [120,121]. 
 
In summary, there are three mechanisms by which high dose IV ascorbate is 
predicted to down-regulate the couplet that appears to be most central to the 
NO/ONOO- cycle.  This same treatment appears to be effective in clinical trial 
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studies in the treatment of CFS and MCS.  It is, consequently, my best candidate 
for an addition to protocols containing wide-ranging agents down-regulating various 
aspects of the NO/ONOO- cycle, to hopefully obtain substantial numbers of cures of 
NO/ONOO- cycle diseases. 
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Summary:  CFS as a NO/ONOO- Cycle Disease 

 
There are a number of types of evidence that provide support for a NO/ONOO- 
cycle mechanism for CFS: 
 
1. It is supported by a pattern of evidence where nine diverse short-term 
stressors reported to initiate cases of CFS can all act to increase nitric oxide levels. 
2. It is supported by the large amount of data supporting the existence of and 
biological impact of specific cycle mechanisms in animals and humans. 
3. It is supported by plausible mechanisms by which cycle elements can 
generate symptoms and signs often found in cases of CFS. 
4. The basic local nature is supported by the stunning variation in symptoms 
seen among different CFS patients, the variations in brain tissue distribution seen in 
brain scan studies and the variations in gene expression reported in different CFS 
patients. 
5. It is supported by animal model data.  
6. It is supported by the fact that other, related illnesses, including FM and MCS 
also can be explained through a NO/ONOO- cycle mechanism.  
7. It is supported by studies of genes that help determine susceptibility to CFS. 
8. It is supported by clinical trial and clinical observation studies of agents that 
are reported to be helpful in the CFS and/or FM illnesses. 
 
The last two types of evidence (7 and 8), provide evidence for a role for several 
different aspects of the NO/ONOO- cycle mechanism.  Notably, oxidative stress, 
mitochondrial/energy metabolism dysfunction, elevated nitric oxide levels, 
inflammatory biochemistry, excitotoxicity including excessive NMDA activity and 
BH4 depletion.  It is difficult to see how this group of mechanisms could be involved 
in CFS, unless the NO/ONOO- cycle or something very similar to it is the central 
cause of CFS. 
 
It is my opinion that the NO/ONOO- cycle mechanism has already led to approaches 
that can produce substantial improvements in the large majority of cases of CFS 
and other related multisystem illnesses and that modification of these approaches, 
will probably lead to cures for many such sufferers.  But then, I have always been 
an optimist when it comes to these diseases. 
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Table 1:  The stressors implicated in the initiation of these illnesses are 
summarized. 
  Illness   Stressors Implicated in Initiation of Illness 
Chronic fatigue 
syndrome 

Viral infection, bacterial infection, organophosphorus 
pesticide exposure, carbon monoxide exposure, 
ciguatoxin poisoning, physical trauma, severe psychological 
stress, toxoplasmosis (protozoan) infection, ionizing 
radiation exposure 

Multiple chemical 
sensitivity 

Volatile organic solvent exposure, 
organophosphorus/carbamate pesticide exposure, 
organochlorine pesticide exposure, pyrethroid exposure; 
hydrogen sulfide; carbon monoxide; mercury 

Fibromyalgia Physical trauma (particularly head and neck trauma), 
viral infection, bacterial infection, severe psychological 
stress, pre-existing autoimmune disease 

Post-traumatic stress 
disorder 

Severe psychological stress, physical (head) trauma 

The stressors indicated in bold are the ones most commonly implicated for that 
specific disease/illness.  It should be noted that the majority of such stressors are 
implicated in the initiation of more than one illness.  Modified from the author’s web 
site, with permission. 
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Table 2  Explanations for Symptoms and Signs 
Symptom/ 
Sign 

Explanation based on elevated nitric 
oxide/peroxynitrite theory 

energy metabolism 
/mitochondrial 
dysfunction 

Inactivation of several proteins in the mitochondrion by 
peroxynitrite; inhibition of some mitochondrial enzymes 
by nitric oxide and superoxide; NAD/NADH depletion; 
cardiolipin oxidation 

oxidative stress Peroxynitrite, superoxide and other oxidants 
PET scan changes Energy metabolism dysfunction leading to change 

transport of probe; changes in perfusion by nitric oxide, 
peroxynitrite and isoprostanes; increased neuronal 
activity in short-term response to chemical exposure 

SPECT scan 
changes 

Depletion of reduced glutathione by oxidative stress; 
perfusion changes as under PET scan changes 

Low NK cell 
function 

Superoxide and other oxidants acting to lower NK cell 
function 

Other immune 
dysfunction 

Sensitivity to oxidative stress; chronic inflammatory 
cytokine elevation 

Elevated cytokines NF-�B stimulating of the activity of inflammatory 
cytokine genes 

Anxiety Excessive NMDA activity in the amygdala 
Depression Elevated nitric oxide leading to depression; cytokines and 

NMDA increases acting in part or in whole via nitric oxide. 
Rage Excessive NMDA activity in the periaqueductal gray region 

of the midbrain 
Cognitive/learn-ing 
and memory 
dysfunction 

Lowered energy metabolism in the brain, which is very 
susceptible to such changes; excessive NMDA activity and 
nitric oxide levels and their effects of learning and 
memory 

Multiorgan pain All components of cycle have a role, acting in part 
through nitric oxide and cyclic GMP elevation 

Fatigue Energy metabolism dysfunction 
Sleep disturbance Sleep impacted by inflammatory cytokines, NF-�B 

activity and nitric oxide 
Orthostatic 
intolerance 

Two mechanisms:  Nitric oxide-mediated vasodilation 
leading to blood pooling in the lower body; nitric oxide-
mediated sympathetic nervous system dysfunction 

Irritable bowel 
syndrome 

Sensitivity and other changes produced by excessive 
vanilloid and NMDA activity, increased nitric oxide 

Intestinal 
permeabilization 
leading to food 
allergies 

Permeabilization produced by excessive nitric oxide, 
inflammatory cytokines, NF-�B activity and 
peroxynitrite; peroxynitrite acts in part by stimulating 
poly(ADP)-ribose polymerase activity 
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Taken from the author’s web site with permission.  It should be noted that while 
each of these are plausible mechanisms and, in most cases well-documented 
mechanisms under some pathophysiological circumstances, in most cases their role 
in generating these symptoms in these multisystem illnesses is not established. 
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Table 3 
 
Agent or class  Mechanism    Comments 
Vitamin C 
(ascorbic acid) 

Chain breaking antioxidant; lowers NF-
kappa B activity; reported to scavenge 
peroxynitrite and also help restore 
tetrahydrobiopterin (BH4) levels by 
reducing an oxidized derivative of BH4 

May require high doses to be 
effective with the latter two 
mechanisms; this may be the 
basis of so called “megadose 
therapy” for vitamin C; clinical 
trials on CFS and MCS used high 
dose IV ascorbate 

Magnesium Lowers NMDA activity and may be useful 
in improving energy metabolism and 
ATP utilization 

Magnesium is the agent that is 
most widely studied and found to 
be useful in the treatment of the 
multisystem illnesses 

Fish oil (long 
chain omega-3 
fatty acids) 

Lowers iNOS induction; lowers 
production of inflammatory eicosonoids; 
important for brain function 

Highly susceptible to lipid 
peroxidation and may, therefore 
be depleted; four studies 
reported improvements in clinical 
trials, 3 with CFS and one with 
FM 

Flavonoids Chain breaking antioxidants; some 
scavenge peroxynitrite, some scavenge 
superoxide; some reported to induce 
SOD; All three types are found in 
FlaviNox; some flavonoids may also act 
to help restore BH4 levels; lower NF-
kappa B activity 

Ginkgo extract tested in CFS; 
anthocyanidin flavonoids in FM; 
other flavonoids tested in CFS 
animal model 

NMDA antagonists Lower NMDA activity Four different antagonists 
reported to be effective in the 
treatment of fibromyalgia; 
anecdotal reports of effectiveness 
for MCS  

Agents that 
indirectly lower 
excitotoxicity 
including NMDA 
activity 

 Only clinical trials done with 
pregabalin for fibromyalgia, but 
other members of this class often 
used clinically 

Acetyl L-carnitine/ 
carnitine 

Helps transport fatty acids into 
mitochondria; may be important here 
not only directly for energy metabolism 
but also to restore the oxidized fatty 
acid residues that may be produced in 
the cardiolipin of the inner membrane 

May also help lower reductive 
stress; two trials in CFS 

Ecklonia cava 
extract 

Polyphenolic chain breaking antioxidant; 
reported to help scavenge both 
peroxynitrite and superoxide; based on 
its reported properties, it may also help 
restore BH4 levels 

Appears to stay in the body 
much longer than do the 
flavonoids, a useful property; 
reported to be helpful in a clinical 
trial study of fibromyalgia 

Reductive stress 
relieving agents  

These include S-adenosyl methionine 
(SAM or SAMe), trimethylglycine 
(betaine), carnitine and choline 

SAM reported to be effective in 
multiple clinical trials with FM 
and CFS patients; betaine widely 
used clinically 

Hydroxocobalamin 
form of vitamin B-
12 

Potent nitric oxide scavenger, lowers 
nitric oxide levels 

Limited intestinal transport; often 
taken by IM injection or as a 
nasal spray or inhalant; clinical 
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trial with CFS-like illnesses; 
widely used for treatment of CFS, 
FM and MCS 

Folic acid Relatively high doses will lower the 
partial uncoupling of the nitric oxide 
synthases by helping to restore 
tetrahydrobiopterin (BH4) 

Reacts with oxidants and 
therefore may be depleted due to 
the NO/ONOO- cycle 

Algal supplements Probably act as antioxidants  
Hyperbaric 
oxygen 

May act to help restore cytochrome 
oxidase activity by competing with nitric 
oxide 

My impression is that this 
approach needs to be used with 
substantial care – too high or 
prolonged dosage can cause 
damage 

Trimethyl glycine 
(betaine), S-
adenosyl 
methionine 
(SAM), choline, 
carnitine 

Lower reductive stress; also helps with 
the generation of S-adenosyl methionine 
(SAM) 

While lowering reductive stress 
may be the main concern, SAM 
generation may also be of 
concern; the enzyme methionine 
synthase is inhibited by nitric 
oxide and inactivated under 
conditions of oxidative stress, 
thus leading to lowered SAM and 
lowered methylation 

Coenzyme Q10 
(ubiquinone) 

Important in mitochondrial function; 
important antioxidant, especially in 
mitochondrion; reported to scavenge 
peroxynitrite 

Optimal dosage may vary 
considerably among different 
individuals; suggest taking early 
in day 

D-ribose, RNA or 
inosine 

Two important functions:  Provides 
adenosine for restoring adenine 
nucleotide pools after energy 
metabolism dysfunction; when 
catabolized, the purine bases generate 
uric acid, a peroxynitrite scavenger  

Each of these may act somewhat 
similarly; however only D-ribose 
has been tested in a clinical trial 
and reported to be effective; 
each of these agents has distinct 
drawbacks 

Modified from the author’s web site, used with permission. References provided in 
Chapter 15, ref.1, except as follows [96-102].  In a number of cases, only one of a 
class of agents has been tested via clinical trial with CFS and/or FM.   
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Table 4.  Additional agents, not explicitly discussed in Table 3, that are included in 
the Allergy Research Group nutritional support protocol. 
Vitamin B6, including 
pyridoxal phosphate 

multiple functions, most relevant may be to stimulate 
glutamate decarboxylase activity, limit excitotoxicity 

Niacin, including 
nicotinic acid and 
nicotinamide 

Helps restore NAD/NADH pools after poly-ADP 
ribosylation leads to pool depletion; important for energy 
metabolism 

Thiamine Is depleted by oxidants; essential for two steps in 
pentose phosphate shunt and is needed, therefore to 
help provide NADPH for glutathione reductase 

Riboflavin including 5’- 
phosphate 

Depletion can limit glutathione reductase activity 

Carotenoids including 
natural �-carotene, 
lycopene, lutein 

Helps scavenge peroxynitrite, especially in biological 
membranes 

Natural vitamin E, 
including �-tocopherol 
and the tocotrienols 

�-tocopherol thought to have special role in scavenging 
NO2 radical (from peroxynitrite);  tocotrienols may have 
special role in protecting from excitotoxicity and/or 
mitochondrial oxidation 

Taurine thought to lower excitoxicity by stimulating gabaergic 
activity 

Zinc, manganese, 
copper 

Modest doses used; may increase superoxide dismutase 
activity 

�-lipoic acid Multiple antioxidant roles on reduction to dihydrolipoic 
acid; helps restore reduced glutathione pools 

N-acetyl cysteine Helps restore reduced glutathione pools; modest doses 
used to prevent or lower possible excitotoxicity 

Selenium as seleno-L-
methionine 

Important antioxidant; a variety of organic selenium 
compounds are peroxynitrite scavengers; selenium levels 
often low in multisystem illnesses 

Modified from the author’s web site with permission.
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Figure 1.  Vicious (NO/ONOO-) cycle diagram.  Each arrow represents one or more 
mechanisms by which the variable at the foot of the arrow can stimulate the level 
of the variable at the head of the arrow.  It can be seen that these arrows form a 
series of loops that can potentially continue to stimulate each other.  An example of 
this would be that nitric oxide can increase peroxynitrite which can stimulate 
oxidative stress which can stimulate NF-�B which can increase the production of 
iNOS which can, in turn increase nitric oxide.  This loop alone constitutes a potential 
vicious cycle and there are a number of other loops, diagrammed in the figure that 
can collectively make up a much larger vicious cycle.  The challenge, according to 
this view, in these illnesses is to lower this whole pattern of elevations to get back 
into a normal range.  You will note that the cycle not only includes the compounds 
nitric oxide, superoxide and peroxynitrite but a series of other elements, including 
the transcription factor NF-�B,  oxidative stress, inflammatory cytokines (in box, 
upper right), the three different forms of the enzymes that make nitric oxide (the 
nitric oxide synthases iNOS, nNOS and eNOS), and two neurological receptors the 
vanilloid (TRPV1) receptor and the NMDA receptor.  The figure and legend are taken 
from the author’s web site with permission. 
 
Figure 2.  A more complete NO/ONOO- cycle diagram.  Central to the figure are the 
reciprocal interactions between peroxynitrite, abbreviated as PRN and 
tetrahydrobiopterin (BH4) depletion.  Also indicated is the ATP depletion produced 
by peroxynitrite, superoxide and nitric oxide.  And in the upper left corner, TRP 
represents the three TRP receptors, TRPV1, TRPA1 and TRPM2, each of which is 
stimulated via distinct mechanisms by oxidative stress.  Each arrow in the figure 
represents one or more mechanisms by which one element of the cycle stimulates 
another element of the cycle.  Figure and legend is taken from the author’s web site 
with permission.



 

 
For educational purposes only. 

Reprinted with permission from Martin L Pall. 
KEY PHARMACY COMPOUNDING CENTER 23422 Pacific Hwy S, Kent, WA 98032 • (800) 878-1322 • Fax (888) 878-1118 

 

36 

 
 
 

TRP rec   NMDA 
        Ca2+ 
        
    nNOS  IL-1β, IL-6 
  nitric  eNOS  IL-8, TNF-α 
  oxide    IFNγ 
 
superoxide   iNOS 
 
    PRN  BH4  
 ATP        NF-kappa B 
 
 


