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INTRODUCTION AND HYPOTHESIS

At the Seventh International Conference of the AACFS in 2004, the author proposed and defended

the hypothesis that glutathione depletion is an important part of the pathogenesis of CFS (1).

In the conclusions of that paper it was noted that it seemed likely that there are vicious circle

mechanisms involved in CFS that prevent glutathione repletion from being the complete answer for

treating this disorder.

Recent autism research (2,3) suggests that in that disorder a vicious circle involving the methylation

cycle apparently chronically holds down the level of glutathione.

The present author has recently proposed (4) that this same mechanism is active in many cases of

CFS. This model for CFS will be referred to as the Glutathione Depletion—Methylation Cycle Block

(GD-MCB) Hypothesis.

This mechanism appears to be capable of explaining and drawing together numerous features of CFS

that have been reported in the peer-reviewed literature.

What is the methylation cycle and what does it do?

(See diagram)

The methylation cycle (also called the methionine cycle) (5) is a major part of the biochemistry of

sulfur and of methyl (CH3) groups in the body. It is also tightly linked to folate metabolism and is

one of the two biochemical processes in the human body that require vitamin B12 (the other being

the methylmalonate pathway, which enables use of certain amino acids to provide energy to the

cells).

This cycle supplies methyl groups for a large number of methylation reactions, including those that

methylate (and thus silence) DNA (6), and those involved in the synthesis of a wide variety of

substances, including creatine (7), choline (7), carnitine (8), coenzyme Q-10 (9), melatonin (10),

and myelin basic protein (11). Methylation is also used to metabolize the catecholamines dopamine,

norepinephrine and epinephrine (12), to inactivate histamine (13), and to methylate phospholipids

(14), promoting transmission of signals through membranes.

The role of the methylation cycle in the sulfur metabolism is to supply sulfur-containing metabolites

to form a variety of important substances, including cysteine, glutathione, taurine and sulfate, via
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its connection with the transsulfuration pathway (5).

This cycle balances the demands for methylation and for control of oxidative stress (15)

How is the methylation cycle dysfunctional in autism, and how is this related to

glutathione depletion?

In autism the methylation cycle was found by James et al. (2,3) to be blocked at methionine

synthase, which is the step involving methylation of homocysteine to form methionine (see

diagram).

Two effects of this block that they measured are a significant decrease in the level of plasma

methionine and lowering of the ratio of S-adenosylmethionine to S-adenosylhomocysteine. The

latter causes a decreased capacity for promoting methylation reactions (16).

In addition, they found (2,3) that the flow through the transsulfuration pathway (see diagram) was

also decreased, resulting in lower plasma levels of cysteine and glutathione and a lowered ratio of

reduced to oxidized glutathione, all of which they measured. This lowered ratio reflects a state of

oxidative stress (17).

The block in the methylation cycle and the glutathione problem were found to be linked, since

supplements used to restore the methylation cycle to normal operation (methylcobalamin, folinic

acid and trimethylglycine) also restored the levels of reduced and oxidized glutathione (2).

Do genetic factors contribute to producing this methylation cycle dysfunction in autism?

It is known from studies of twins that genetics plays an important predisposing role in autism (18).

The fact that the rate of incidence of autism has increased dramatically in recent years is evidence

that there is also an important environmental component in the development of cases of autism (3),

since the population’s genetic inheritance is relatively constant over much longer periods.

James et al. (3) found that there are measurable genetic differences between children with autism

and healthy controls. The differences they measured are associated with genes that encode

enzymes and other proteins impacting the methylation cycle, the folate metabolism and the

glutathione system.

In particular they found differences in allele frequency and/or significant gene-gene interactions for

genes encoding the reduced folate carrier (RFC), transcobalamin II (TCN2),

catechol-O-methyltransferase (COMT), methylenetetrahydrofolate reductase (MTHFR), and one of

the glutathione transferases (GST M1).

These genetic results, combined with the biochemical observations of dysfunction in the

methylation cycle, strongly suggest that variations in genes associated with this cycle and its related

biochemistry are involved in the genetic predisposition to developing autism.

What evidence suggests that this same dysfunction and similar genetic factors are also present in

chronic fatigue syndrome?

1. Methionine concentrations are reported to be below normal in both plasma (19) and urine (20) in

CFS patients. Low methionine can be caused by a methylation cycle block.

2. Four magnetic resonance spectroscopy studies in CFS (21-24) have found elevated

choline-to-creatine ratios in various parts of the brain. Both choline and creatine arise partly from

the diet and partly from synthesis in the body. Since the syntheses of these two substances are the

main users of methylation (7), a methylation deficit would be expected to decrease the rate of

synthesis of both of them, and hence to decrease their levels in the cells. When this occurred, it

would be unlikely that their ratio would remain the same, since the fractions of each supplied by

synthesis would not likely be the same, nor would the decrease in rates of synthesis of these two

substances likely to be proportional to their levels in the cells. Since creatine synthesis is the
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greater user of methylation (7), it might be expected that the choline-to-creatine ratio would

increase, as is observed. It therefore appears that a methylation cycle block could explain this

well-replicated observation in CFS. 

What evidence suggests that this same dysfunction is also present in chronic fatigue syndrome?

(continued)

3. Some substances that require methylation for their biosynthesis have been found to be at

below-normal levels in CFS patients, and/or patients have been found to benefit by supplementing

them. This has been reported in eleven of the studies in CFS of carnitine, beginning with the work of

Kuratsune et al. (25-34), both the studies of coenzyme Q10 (35, 36), a study that included choline as

phosphatidylcholine in a combination supplement (37), and one recent study of melatonin (38)

(though it should be mentioned that earlier studies of melatonin in CFS found normal or elevated

levels, and/or did not find benefit from supplementation (see review in ref. 39), suggesting that

other issues in addition to the methylation deficit might be involved in the case of melatonin. See

"Magnesium depletion" later in this paper).

4. Vitamin B12, which plays a key role in the methylation cycle and was one of the supplements

used to restore this cycle in the autism work (2), has a long history (39,40) as one of the most

helpful of the essential nutrients in CFS when given in high-dosage injections. Lapp and Cheney (41,

42) found that in urine organic acids testing of 100 CFS patients, 33% had elevated homocysteine,

38% had elevated methylmalonate, and 13% had both (29,30). The elevated homocysteine implicates

the methylation cycle, 

What evidence suggests that this same dysfunction is also present in chronic fatigue syndrome?

(continued)

while the elevated methylmalonate indicates that the other pathway that requires vitamin B12

showed deficiency as well. Lapp and Cheney (42) found that 50 to 80% of over 2,000 patients

reported benefit from high-dose vitamin B12 injections. Evengard et al. (43) reported that vitamin

B12 levels in the cerebrospinal fluid of 10 of 16 CFS patients were below their detection limit of 3.7

pmol/L. Regland et al. (44) found both low vitamin B12 (in 10 out of 12 patients) and high

homocysteine (in all 12 patients studied) in the cerebrospinal fluid of CFS patients. There were

significant correlations between these parameters and symptoms.

Regland et al. (45) performed an open trial in which they gave 1,000 microgram weekly injections of

hydroxocobalamin for at least 3 months to the 10 female patients from this study who had both low

B12 and elevated homocysteine. They found that the treatment was significantly more beneficial if

the patient did not have the thermolabile allele of the polymorphic gene for MTHFR. They

concluded that vitamin B12 deficiency was probably contributing to the increased homocysteine

levels. They also found that the effect of vitamin B12 supplementation was dependent on whether

the available methyl groups were further deprived by the existence of thermolabile MTHFR. This

work implicated the methylation cycle in

What evidence suggests that this same dysfunction is also present in chronic fatigue syndrome?

(continued)

the pathogenesis of CFS, and it also pointed to the importance of a genetic component, involving

one of the same genes that have been implicated in autism (3).

5. Folinic acid was recently found to produce subjective improvement in symptoms in 81% of 58 CFS

patients tested (46). This was also one of the supplements used to restore the methylation cycle in

the autism research (2).

6. Many studies have reported evidence for oxidative stress in CFS (47-61).

7. There have been several reports of depletion of reduced glutathione in at least a substantial
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subset of CFS patients (49-51, 53,54,59,62). Reduced glutathione augmentation is now widely used

by CFS clinicians, who have found that augmenting glutathione by various means has been helpful to

many of their patients (49,50,63-65).

8. Polymorphisms in the gene coding for the COMT enzyme were found by Goertzel et al. (66) to be

some of the most important of those examined for distinguishing CFS cases from controls. As noted

earlier, COMT is a methyltransferase, associated with the methylation cycle. In autism, the COMT

472G>A polymorphism showed significant difference between cases and controls (3).

If this same dysfunction is present in both autism and CFS, how can the obvious differences

between these two disorders be explained?

Major differences are seen in the gender ratio and in the symptoms of these two disorders.

Autism is found primarily in boys, at a ratio of about 4 to1 (boys to girls) (67), while CFS occurs

mainly in adult women at a ratio measured at 1.8 to 1 (women to men) by Jason et al. (68) in one

large epidemiological study and 4.5 to 1 (women to men) by Reyes et al. (69) in another.

The most striking symptoms in autism involve the brain and are very characteristic of this disorder.

They are described as follows by the Diagnostic and Statistical Manual of Mental Disorders (70):

1. Qualitative impairment in social interaction, as manifested by at least two of the following: 

a. Marked impairment in the use of multiple nonverbal behaviors such as eye-to-eye gaze, facial

expression, body postures, and gestures to regulate social interaction. 

b. Failure to develop peer relationships appropriate to developmental level. 

c. A lack of spontaneous seeking to share enjoyment, interests, or achievements with other people

(e.g., by a lack of showing, bringing, or pointing out objects of interest). 

d. Lack of social or emotional reciprocity. 

2. Qualitative impairments in communication as manifested by at least one of the following: 

a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt

to compensate through alternative modes of communication such as gestures or mime). 

b. In individuals with adequate speech, marked impairments in the ability to initiate or sustain a

conversation with others. 

c. Stereotyped and repetitive use of language or idiosyncratic language. 

d. Lack of varied, spontaneous make-believe play or social imitative play appropriate to

developmental level. 

If this same dysfunction is present in both autism and CFS, how can the obvious differences

between these two disorders be explained? (continued)

3.    Restricted repetitive and stereotyped patterns of behavior, interests, and activities, as

manifested by at least one of the following: 

a. Encompassing preoccupation with one or more stereotypic and restricted patterns of interest that

is abnormal either in intensity or focus. 

b. Apparently inflexible adherence to specific, nonfunctional routines or rituals. 

c. Stereotypic and repetitive motor mannerisms (e.g., hand or finger flapping or twisting, or

complex whole-body movements). 

d. Persistent preoccupation with parts of objects. 

CFS involves a large variety of symptoms (71,72), the chief ones being extreme fatigue,

post-exertional malaise and/or fatigue, sleep dysfunction, muscle pain, and symptoms involving the

brain that are significant but less profound than in autism (e.g. cognitive and memory difficulties).

The author proposes that these differences result at least in part from the different ages at onset.

Autism develops early in life, before the brain is completely developed and before puberty, while

the onset of CFS occurs after brain development is completed and (for the most part) after puberty.

Pangborn (73) has discussed five hypotheses that have been suggested to explain the higher
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prevalence of autism in boys. Of these, the one that appears to be most consistent with the present

author’s hypothesis of a common pathogenesis between CFS and autism is the one put forward by

Geier and Geier (74). Their hypothesis proposes

If this same dysfunction is present in both autism and CFS, how can the obvious differences

between these two disorders be explained? (continued)

that the higher prevalence of autism in boys results from the potentiation of mercury toxicity by

testosterone, while estrogen is protective. There is increasing evidence that mercury was a

significant factor in the etiology of many cases of autism, because mercury-containing thimerosol

was used as a preservative in vaccines given to them. Since thimerosol was removed from childhood

vaccines, the number of new cases of neurodevelopmental disorders, including autism, has been

found to be dropping (75). 

The present author has proposed a hypothesis (76) to explain the higher prevalence of CFS in

women, involving an additional bias toward oxidative stress due to redox cycling in the metabolism

of estradiol when certain polymorphisms are present.

With regard to symptoms, it seems likely that the role of methylation in the formation of myelin

basic protein (77) is at least part of the explanation for the major problems in brain development in

autism and the symptoms that result from them.

Fatigue is not recognized to be a major feature of autism. However, it should be noted that the

evaluation of fatigue is usually based on self-report, which is not possible in children who are unable

to speak. Also, it seems possible 

If this same dysfunction is present in both autism and CFS, how can the obvious differences

between these two disorders be explained? (continued)

that fatigue may be manifested differently in very young children as compared with adults. Features

such as hyperactivity and irritability may reflect fatigue in these patients.

Chronic pain may also be difficult to identify and characterize in children who do not have speech. A

recent paper suggests that chronic pain may be the initial presenting symptom in cases of

undiagnosed autism (78).

Many of the other phenomena found in CFS are also found in autism, but historically they have not

received as much attention in autism as the brain-related symptoms, perhaps because the latter are

so striking and profound. Some of the other phenomena that autism has in common with CFS in

addition to those already mentioned are elevated proinflammatory cytokines (79), Th2 shift in the

immune response (80), low natural killer cell activity (81), mitochondrial dysfunction (82, 83),

carnitine deficiency (83), hypothalamus-pituitary-adrenal (HPA) axis dysfunction (84), gut problems

(85), and sleep problems (86).

How does the Glutathione Depletion—Methylation Cycle Block (GD-MCB) Hypothesis explain other

aspects of chronic fatigue syndrome?

Etiology: According to the GD-MCB Hypothesis, CFS is caused by a combination of two factors:

(1) a genetic predisposition (87), which is currently only partly known, and

(2) some combination of a variety of physical, chemical, biological and/or psychological/emotional

stressors, the particular combination differing from one case to another (See Ref. 1 for a review.).

So far, polymorphisms in genes coding for the following proteins have been found to be associated

with CFS in general or with a subset:

(1) Serotonin transporter (5-HTT) gene promoter (88)
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(2) Corticosteroid binding globulin (CBG) (89)

(3) Tumor necrosis factor (TNF) (90)

(4) Interferon gamma (IFN-gamma) (90)

(4) Proopiomelanocortin (POMC) (91)

(5) Nuclear receptor subfamily 3, group C, member 1, glucocorticoid receptor (66,91)

(6) Monoamine oxidase A (MAO A) (91)

(7) Monoamine oxidase B (MAO B) (91)

(8) Tryptophan hydroxylase 2 (TPH2) (66,91)

(9) Catechol-O-methyltransferase (COMT) (66) 

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

In addition, a COMT polymorphism has reported to be associated with fibromyalgia (92, 93), and

polymorphisms in the genes for the detoxication enzymes CYP2D6 (cytochrome P450 2D6) and NAT2

(N-acetyl transferase 2) have been found to be associated with multiple chemical sensitivities (94).

These may be relevant to CFS because of its high comorbidities with these two disorders.

All these proteins touch on the pathogenesis mechanism described in this paper, which is what

would be expected if this Hypothesis is valid. 

With regard to the stressors found to precede onset of CFS, they are known to raise cortisol

secretion (prior to onset and early in the course of the illness), to raise epinephrine secretion and to

place demands on glutathione, leading to oxidative stress (1).

According to this Hypothesis, when reduced glutathione is sufficiently depleted and the oxidative

stress therefore becomes sufficiently severe in a person having the appropriate genetic

predisposition, a block is established at methionine synthase in the methylation cycle (95,2,3).

Because the methylation cycle is located upstream of cysteine and glutathione in the sulfur

metabolism, these are further depleted, and a vicious circle is formed.

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Note that infectious pathogens are included among the possible biological stressors that can

contribute to the onset of CFS. In particular, Borrelia burgdorferi, the bacterium responsible for

Lyme disease, has been found to deplete glutathione in its host (96). This may explain the very

similar pathophysiologies of chronic Lyme disease and CFS. This may also explain the epidemic

clusters of CFS, which seem to have been produced by a virulent infectious pathogen (or

pathogens). Perhaps the genetic factors are less important in producing the onset if a very virulent

pathogen is present.

Epidemiology: According to the GD-MCB Hypothesis, the prevalence of CFS is determined by the

frequency in the population of the combined presence of certain genetic polymorphisms (yet to be

completely identified) and of the above described stressors occurring coincidentally in those having

the polymorphisms. As noted earlier, the author has proposed that the higher prevalence in women

is a result of increased bias toward oxidative stress, resulting from redox cycling in the metabolism

of estradiol when certain polymorphisms in detoxication enzymes are present (76).

Suppression of parts of the immune response: Elevation of cortisol due to long-term stressors causes
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a suppression of the cell-mediated immune response and a shift to Th2 (97).

How does the GD-MCB hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Depletion of reduced glutathione likewise causes a shift to Th2 (98, 99).

The elevation of cortisol prior to onset and in the early course of the illness also (temporarily)

suppresses inflammation (100). 

The cytotoxicity of natural killer (NK) cells and CD8 T cells in CFS has been found to be low, and

Maher et al. found this to be associated with a deficiency of perforin secretion (101). According to

the GD-MCB Hypothesis, in CFS perforin secretion is inhibited by depletion of reduced glutathione

because glutathione is needed to form the disulfide bonds in their proper configurations in secretory

proteins (102). Depletion of glutathione therefore causes misfolding and recycle of perforin

molecules, which have twenty cysteine residues and thus ten disulfide bonds (103). This misfolding

mechanism would affect other secretory proteins in CFS that are synthesized in cells having

glutathione depletion as well, which may account for the observation of misfolded proteins in the

spinal fluid of CFS patients by Baraniuk et al. (104). 

Proliferation of T lymphocytes is inhibited by the block in the folate cycle, which inhibits production

of new RNA and DNA (105).

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Viral and intracellular bacterial reactivation: According to the GD-MCB Hypothesis, depletion of

reduced glutathione is the trigger for the reactivation of latent viral and intracellular bacteria in

CFS. The infections found initially in a case of CFS are usually due to those pathogens that are

capable of residing in the body in the latent state, suggesting that these infections arise by

reactivation (106). In general, intracellular glutathione depletion is associated with the activation of

several types of viruses (1, 107-111) as well as Chlamydia (112), and it may account for reactivation

of other latent intracellular bacteria as well. In herpes simplex type 1 viral infection, raising the

glutathione concentration inhibits viral replication by blocking the formation of disulfide bonds in

glycoprotein B (111). Since glycoprotein B appears to be present in all herpes virus types (113), it is

likely that glutathione depletion is responsible for reactivation of Epstein-Barr virus,

cytomegalovirus and HHV-6 in CFS. 

The Coxsackie B3 virus genome is known to code for glutathione peroxidase, a selenium-containing

enzyme (114). Taylor has suggested (115) that such viruses suppress the immune system of the host

by depleting its selenium, thus inhibiting the host’s use of glutathione peroxidase. Since glutathione

peroxidase makes use of

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

glutathione, depletion of reduced glutathione itself would therefore assist this virus in its

mechanism of infection. 

Populations more deficient in selenium would be expected to be more vulnerable to Coxsackie B3

infection. It is interesting to note that nearly all the studies of Coxsackie virus in CFS have come

from the UK. The population there has become more deficient in selenium since the 1970s, when

major sources of grain in the diet were changed to areas with selenium-deficient soils (116).

Immune activation: This occurs when the immune system detects the reactivation of pathogens
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(117).

Activation of 2-5A, RNase-L pathway (118): This pathway is activated by interferon and double

stranded RNA as part of the cellular response to viral reactivation. According to the GD-MCB

Hypothesis, RNase-L remains activated in CFS because of the suppression of the cell-mediated

immune response and the consequent failure to defeat the viral infection (See "Suppression of parts

of the immune response," above.)

Mitochondrial dysfunction and the onset of physical fatigue: As hypothesized by Bounous and Molson

(119), competition between the oxidative skeletal muscle cells and

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

the immune system for the decreased supply of glutathione and cysteine causes depletion of

reduced glutathione in the skeletal muscles. According to the GD-MCB Hypothesis, this inhibits the

glutathione peroxidase reaction and allows hydrogen peroxide to build up. This in turn probably

exerts product inhibition on the superoxide dismutase reaction, which allows superoxide, produced

as part of normal oxidative metabolism, to rise in the mitochondria of the oxidative skeletal muscle

cells. Superoxide reacts with nitric oxide to produce peroxynitrite, as Pall (120) has pointed out.

Superoxide also interacts with aconitase in the Krebs cycle to inhibit it (121), and peroxynitrite can

cause partial blockades in the Krebs cycle and also the respiratory chain (120, 122). These reactions

lower the rate of production of ATP, and this constitutes mitochondrial dysfunction. Since ATP is

needed to power muscle contraction, lack of it produces physical fatigue.

RNase-L cleavage, leading to formation of the low molecular weight version (123):  Depletion of 

reduced glutathione removes inhibition of the activity of calpain (124), which is located in the

cytosol with RNase-L, and calpain cleaves RNase-L (125). (Elastase, the other enzyme found by

Englebienne et al. (125) to be able to cleave RNase-L in the laboratory, is confined to granules and

vesicles inside living cells (126), and thus is not in contact with RNase-L.)

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Failure to defeat viral and intracellular bacterial infections and continuing immune activation:

According to the GD-MCB Hypothesis, these occur because of depletion of reduced glutathione (127)

and also because the folate metabolism block prevents production of new DNA and RNA for

proliferation of T lymphocytes (105).

Depletion of magnesium: There is a long history showing depletion of magnesium in CFS and benefits

of supplementation, both orally and by injection (See review in Ref. 39). Magnesium depletion may

be responsible for a variety of symptoms that are found in CFS (128), including mitochondrial

dysfunction, muscle twitching, muscle pain, sleep problems and cardiac arrhythmia. In connection

with sleep problems, Durlach et al. have found that magnesium depletion is associated with

abnormalities in the level of melatonin and dysregulation of biorhythms (129). Manuel y Keenoy et

al. (54) found that the subset of CFS patients that was resistant to repletion of magnesium in their

clinical study also showed glutathione depletion. It has also been found that glutathione depletion

causes magnesium depletion in red blood cells (130). According to the GD-MCB Hypothesis, the

depletion of intracellular magnesium in CFS is another result of depletion of reduced glutathione.

Buildup of toxins: Glutathione depletion allows toxins, including heavy metals, to build up, because

there is not 

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

enough glutathione to conjugate these toxins as rapidly as they enter the body. Mercury is of

particular concern, because the population in general has considerable exposure to it from dental
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amalgams, fish consumption, and environmental sources such as nearby coal-fired power plants.

There is considerable clinical experience of mercury buildup in CFS patients (1). Immune testing has

also shown evidence that the immune system has responded to elevated mercury in CFS patients

(131-133). 

Solidification of the vicious circle: After the vicious circle has developed involving the methylation

cycle block and the depletion of glutathione, another factor must come into play to lock in this

situation chronically. It seems likely that buildup of toxins is the factor responsible for this, by

blocking the formation of methylcobalamin and thus the activity of methionine synthase. It has been

shown that one of the important roles of glutathione normally is to protect the very much smaller

(by six orders of magnitude) concentrations of cobalamins from reaction with toxins by forming

glutathionylcobalamin (134). Without this protection, cobalamins are vulnerable to reaction with a

variety of toxins. An example is mercury. It has been found that very small concentrations of

mercury are required to block the methionine synthase reaction (135). Because of this additional

factor, attempts simply to correct the glutathione depletion and the oxidative stress after the

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

cobalamins have reacted with toxins in most cases will not restore normal function of the

methylation cycle (1).

Neurotransmitter dysfunction: The production of melatonin from serotonin as well as the

metabolism of the catecholamines require methylation, as noted earlier, and according to the

GD-MCB Hypothesis, they are inhibited because of the decreased methylation capacity. Also, genetic

polymorphisms involving enzymes in the neurotransmitter system have been found to be more

frequent in at least some subsets of CFS patients, as noted earlier. These factors cause dysfunction

of the neurotransmitters.

Further development of mitochondrial dysfunction: As the course of the illness progresses, it is likely

that other factors that result from glutathione depletion and the methylation cycle block come into

play and further suppress the operation of the mitochondria. These include the buildup of toxins and

infections, depletion of magnesium, and damage to the phospholipid membranes of the

mitochondria by oxidizing free radicals (136). Because the essential fatty acids in these membranes

are polyunsaturated, they are the most vulnerable to oxidation (137), and they become depleted, at

least in some CFS patients (See review in Ref. 39).

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

HPA axis blunting (138): According to this Hypothesis, glutathione depletion in the pituitary gland

inhibits production of proopiomelanocortin (POMC) (which has

two disulfide bonds in its N-terminal fragment (139)), and hence secretion of ACTH (which is part of

POMC), by the same mechanism as inhibition of perforin synthesis (102) (See "Suppression of parts of

the immune response," above.). This results in the lowering of cortisol secretion by the adrenal

glands, which is a late finding in the course of the illness (140). As noted earlier, genetic

polymorphisms in POMC may also be involved in a subset of CFS patients (91).

Diabetes insipidus (excessive urination, thirst, decrease in blood volume): According to this

Hypothesis, glutathione depletion inhibits production of arginine vasopressin (141), which has one

disulfide bond (142), by the same biochemical mechanism by which it inhibits perforin and ACTH

synthesis (102). It is likely that the secretion of oxytocin, which also has one disulfide bond and is

also synthesized in the hypothalamus, is also inhibited. Measurements of oxytocin in CFS have not

been reported, but there is evidence that it is low in some fibromyalgia patients (143), which may

be relevant because of the high comorbidity of CFS and fibromyalgia. A clinician has reported

benefit from oxytocin injections in fibromyalgia patients (144).
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How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Low cardiac output (145): According to this Hypothesis, this occurs because depletion of reduced

glutathione in the heart muscle cells lowers the rate of production of ATP, as in the skeletal muscle

cells. This produces diastolic dysfunction as observed by Cheney (146, 147). Both low blood volume

(see Diabetes insipidus, above), which produces low venous return, and diastolic dysfunction, which

decreases filling of the left ventricle, produce low cardiac output. In addition, in some cases, as

observed by Lerner et al., viral infections produce cardiomyopathy (148). According to the GD-MCB

Hypothesis, this is a result of depletion of reduced glutathione and suppression of cell-mediated

immunity. This is another factor that can decrease cardiac output in CFS.

Orthostatic hypotension and orthostatic tachycardia (149):  According to this Hypothesis, these occur

because of low blood volume, low cardiac output and HPA axis blunting (See Diabetes insipidus, Low 

cardiac output, and HPA axis blunting, above.).

Loss of temperature regulation: As pointed out by Cheney (146), this occurs because of low cardiac

output (see Low cardiac output, above), which causes the autonomic nervous system to decrease

blood flow to the skin. This removes the ability to regulate the rate of heat loss from the skin.

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Hashimoto’s thyroiditis (150) and elevated incidence of thyroid cancer (151):  According to this

Hypothesis, Hashimoto’s thyroiditis occurs in CFS because depletion of reduced glutathione in the

thyroid gland allows damage to thyroglobulin by hydrogen peroxide, as proposed by Duthoit et al.

(152). In addition, hydrogen peroxide damage to DNA in the thyroid gland may be responsible for the

elevated incidence of cancer there. Hydrogen peroxide is produced normally by the thyroid to

oxidize iodide in the process of making thyroid hormones (153).

Increasing variety of infections (154) and inflammation (155): According to this Hypothesis, viral,

intracellular bacterial and fungal infections accumulate over time because the cell-mediated

immune response is dysfunctional (See "Suppression of parts of the immune response," above.).

Inflammation becomes more severe because of the decreased secretion of cortisol later in the

course of the illness (See "HPA axis blunting," above), and because of the rise in histamine as a

result of lack of sufficient methylation capacity to deactivate it (156).

Slow gastric emptying (157) and gastroesophageal reflux:  According to this Hypothesis, in CFS these

result from mitochondrial dysfunction in the parietal cells of the

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

stomach, due to depletion of reduced glutathione, which results in low production of stomach acid.

(Anecdotally, many CFS patients have reported absence of eructation after ingestion of sodium

bicarbonate solution on an empty stomach, suggesting low stomach acid status.) A slower rate of

gastric emptying was found to be associated with higher pH, i.e. lower acid status (158).

Gut problems: According to this Hypothesis, several of the above factors converge to produce

problems in the gut in CFS, often referred to as irritable bowel syndrome (IBS). These factors

include glutathione depletion, low cardiac output, immune suppression, low stomach acid

production, neurotransmitter dysfunction (note that serotonin plays a major role in gut motility),

and increasing variety of infections and inflammation.

The degree of abnormality of a lactulose breath test (indicating small intestinal bacterial
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overgrowth) in fibromyalgia patients was found by Pimentel et al. to be greater than in IBS patients

without fibromyalgia (159). In addition, they found that the abnormality was correlated with

somatic pain (159). (This may be relevant because of the high comorbidity of CFS with

fibromyalgia.) 

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

Brain-related problems: According to this Hypothesis, several of the above factors also converge to

produce problems in the brain. These include glutathione (and cysteine) depletion, low cardiac

output, failure to defeat infections and continued immune activation, neurotransmitter dysfunction,

decreased methylation capacity to maintain myelin, and increasing variety of infections and

inflammation.

Relapsing (Crashing) (160): Many CFS patients have chronically low glutathione levels. According to

this Hypothesis, when the level of stressors is temporarily increased, the levels of reduced

glutathione become more severely depleted, and this produces the so-called crashing phenomenon.

After a period of rest, reduced glutathione levels are increased to the chronically low levels that

existed prior to the increased stressors.

Alcohol intolerance (161): According to this Hypothesis, because of mitochondrial dysfunction, the

skeletal muscles of CFS patients depend more than normal on glycolysis for ATP production.

Increased use of glycolysis requires increased use of gluconeogenesis by the liver to convert lactate

and pyruvate back to glucose (Cori cycle). In CFS, this is hampered by low cortisol levels. The

metabolism of ethanol by the liver further inhibits gluconeogenesis, 

How does the GD-MCB Hypothesis explain other aspects of chronic fatigue syndrome?

(continued)

producing hypoglycemia and lactic acidosis. This accounts for the alcohol intolerance reported by

many CFS patients.

Weight gain: According to this Hypothesis, the weight gain often seen in CFS results from the

inability to metabolize carbohydrates and fats at normal rates, because of partial

blockades in the Krebs cycle produced by depletion of reduced glutathione. Excess carbohydrates

are cycled back to glucose by gluconeogenesis, and ultimately are converted to stored fat.

Low serum amino acid levels (19): According to this Hypothesis, these result from the burning of

amino acids as fuel at higher rates than normal. Amino acids are able to enter the Krebs cycle by

anaplerosis, downstream of the partial blockades, so they can be used as fuel in place of

carbohydrates and fats.

The pathogenesis of CFS becomes increasingly complex as it proceeds, because of the interactions

and feedback loops that develop. For this reason, determining the cause-effect relationships for all

the aspects of the resulting pathophysiology is a problem that is exceedingly difficult. Nevertheless,

understanding the etiology and early pathogenesis provides a basis for developing a more effective

treatment approach. 

CONCLUSIONS

There is abundant and compelling evidence that the glutathione depletion—methylation cycle

block mechanism is an important part of the pathogenesis for at least a substantial subset of

chronic fatigue syndrome patients.

A pathogenesis hypothesis based on this mechanism is capable of explaining and unifying many
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of the published observations regarding chronic fatigue syndrome, and it provides a basis for

developing a more effective treatment approach.

 

 

 

 

 

 

 

 

 

 

KEY TO DIAGRAM

 

The diagram shows the methylation cycle at the top right, the folate cycle at the top left, and

the transsulfuration pathway at the bottom right.

The enzymes that catalyze the reactions are shown in boxes:

BHMT Betaine homocysteine methyltransferase

CBS Cystathionine beta synthase

CDO Cysteine dioxygenase

CGL Cystathionine gamma lyase

GCL Glutamate cysteine ligase

GS Glutathione synthase

MAT Methionine adenosyltransferase

MS Methionine synthase
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MSR Methionine synthase reductase

MTase Methyltransferase (a class of enzymes)

MTHFR Methylene tetrahydrofolate reductase

SHT Serine hydroxymethyltransferase

TS Thymidylate synthase

Most of the metabolites are spelled out. The ones that are abbreviated are as follows:

DMG Dimethylglycine

SAH S-Adenosylhomocysteine

SAM S-Adenosylmethionine

THF Tetrahydrofolate

TMG Trimethylglycine (betaine)

The cofactor and coenzyme are as follows:

P5P Pyridoxal phosphate, the active form of 

Vitamin B6

B12 Methylcobalamin, one of the active forms of 

Vitamin B12

REFERENCES

1. Van Konynenburg, R.A., Is glutathione depletion an important part of the pathogenesis of chronic

fatigue syndrome? poster paper, Seventh International AACFS Conference, Madison, WI, USA,

October 2004, paper available at http://www.phoenix-cfs.org/GluAACFS04.htm or at

http://www.personalconsult.com/articles/glutathioneand chronicfatigue.html.

2. James, S.J., Cutler, P., Melnyk, S., Jernigan, S., Janak, L., Gaylor, D.W., and Neubrander, J.A.,

Metabolic biomarkers of increased oxidative stress and impaired methylation capacity in children

with autism, Am. J. Clin. Nutrit. 2004; 80:1611-1617.

3. James, S.J., Melnyk, S., Jernigan, S., Cleves, M.A., Halsted, C.H., Wong, D.H., Cutler, P., Bock,

K., Boris, M., Bradstreet, J.J., Baker, S.M., and Gaylor, D.W., Metabolic endophenotype and related

genotypes are associated with oxidative stress in children with autism, Am. J. Med. Genet. Part B,

2006; 141B: 947-956.

4. Van Konynenburg, R.A., Chronic fatigue syndrome and autism, Townsend Letter for Doctors and

Patients, October 2006, paper available at

http://www.findarticles.com/p/articles/mi_mOISW/is_279/ai_n16865315/print

5. Bhagavan, N.V., Medical Biochemistry, 4th edition, Harcourt Academic Press, San Diego, CA,

U.S.A. (2002), p. 356.

6. Brenner, C., and Fuks, F., DNA Methyltransferases: facts, clues, mysteries, Curr. Top. Microbiol.

Immunol. (2006); 301: 45-66.

7. Brosnan, J.T., Jacobs, R.L., Stead, L.M., and Brosnan, M.E., Methylation demand: a key

determinant of homocysteine metabolism, Acta Biochimica Polonica (2004): 51 (2): 405-413.



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

14 de 23 23/03/2007 19:34

8. Bhagavan, N.V., Medical Biochemistry, 4th edition, Harcourt Academic Press, San Diego, CA,

U.S.A. (2002), pp. 367-368

9. Jonassen, T., and Clarke, C.F., Isolation and functional expression of human COQ3, a gene

encoding a methyltransferase required for ubiquinone biosynthesis, J. Biol. Chem. (2000); 275 (17):

12381-12387.

10. Bhagavan, N.V., Medical Biochemistry, 4th edition, Harcourt Academic Press, San Dieago, CA,

U.S.A. (2002), pp. 361-362.

11. Kim, S., Lim, I.K., Park, G.H., and Paik, W.K., Biological methylation of myelin basic protein:

enzymology and biological significance, Int. J. Biochem. Cell Biol. (1997); 29 (5): 743-751.

12. Bhagavan, N.V., Medical Biochemistry, 4th edition, Harcourt Academic Press, San Diego, CA,

U.S.A. (2002), p. 763.

13. Bhagavan, N.V., Medical Biochemistry, 4th edition, Harcourt Academic Press, San Diego, CA,

U.S.A. (2002), p. 362.

14. Hirata, F., and Axelrod, J., Phospholipid methylation and biological signal transmission, Science

(1980); 209 (4461): 1082-1090.

15. Mosharov, E., Cranford, M.R., and Banerjee, R., The quantitatively important relationship

between homocysteine metabolism and glutathione synthesis by the transsulfuration pathway and its

regulation by redox changes, Biochemistry (2000); 39 (42): 13005-13011.

16. Weir, D.G., and Scott, J.M., The biochemical basis of the neuropathy in cobalamin deficiency,

Baillieres Clin. Haematol. (1995); 8 (3): 479-497.

17. Nemeth, I., and Boda, D., The ratio of oxidized/reduced glutathione as an index of oxidative

stress in various experimental models of shock syndrome, Biomed. Biochim. Acta (1989); 48 (2-3):

S53-S57. 

18. Bailey, A., Le Couteur, A., Gottesman, I., Bolton, P., Simonoff, E., Yuzda, E., and Rutter, M.,

Autism as a strongly genetic disorder: evidence from a British twin study, Psychol. Med. 1995; 25:

63-77.

19. Bralley, J.A., and Lord, R.S., Treatment of chronic fatigue syndrome with specific amino acid

supplementation, J. Appl. Nutrit. 1994; 46 (3): 74-78.

20. Eaton, K.K. and Hunnisett, A., Abnormalities in essential amino acids in patients with chronic

fatigue syndrome, J. Nutrit. Environ. Med. 2004; 14 (2): 85-101.

21. Tomoda, A., Miike, T., Yamada, E., Honda, H., Moroi, T., Ogawa, M., Ohtani, Y., and Morishita,

S., Chronic fatigue syndrome in childhood, Brain & Development (2000); 22: 60-64.

22. Puri, B.K., Counsell, S.J., Saman, R., Main, J., Collins, A.G., Hajnal, J.V. and Davey, N.J.,

Relative increase in choline in the occipital cortex in chronic fatigue syndrome, Acta Psychiatr.

Scand. (2002); 106: 224-226.

23. Chaudhuri, A., Condon, B.R., Gow, J.W., Brennan, D. and Hadley, D.M., Proton magnetic

resonance spectroscopy of basal ganglia in chronic fatigue syndrome, NeuroReport 2003; 14 (2):

225-228.

24. Levine, S., Cheney, P., Shungu, D.C. and Mao, X., Analysis of the metabolic features of chronic

fatigue syndrome (CFS) using multislice 1H MRSI, abstract, conference syllabus, Seventh

International AACFS Conference on Chronic Fatigue Syndrome, Fibromyalgia and Other Related



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

15 de 23 23/03/2007 19:34

Illnesses, Madison, WI, U.S.A., October 8-10, 2004.

25. Kuratsune, H, Yamaguti, K, Takahashi, M., Misaki, H., Tagawa, S., and Kitani, T., Acylcarnitine

deficiency in chronic fatigue syndrome, Clinical Infectious Diseases (1994); 18(Suppl.): S62-S67.

26. Plioplys, A.V. and Plioplys, S., Serum levels of carnitine in chronic fatigue syndrome: clinical

correlates, Neuropsychobiology (1995); 32: 132-138.

27. Majeed, T., De Simone, C., Famularo, G., Marcelline, S. and Behan, P.O., Abnormalities of

carnitine metabolism in chronic fatigue syndrome, Eur. J. Neurol. (1995); 2: 425-428.

28. Grant, J.E., Veldee, M.S. and Buchwald, D., Analysis of dietary intake and selected nutrient

concentrations in patients with chronic fatigue syndrome, J. Am. Dietet. Assn. (1996); 96: 383-386.

29. Plioplys, A.V. and Plioplys, S., Amantadine and L-carnitine treatment of chronic fatigue

syndrome, Neuropsychobiology (1997); 35: 16-23.

30. Kuratsune, H., Yamaguti, K, Lindh, G., Evengard, B., Takahashi, M., Machii, T. et al., Low levels

of serum acylcarnitine in chronic fatigue syndrome and chronic hepatitis type C, but not seen in

other diseases, Intl. J. Molec. Med. (1998); 2: 51-56.

31. Vermeulen, R.C., Kurk, R.M., and Scholte H.R., Carnitine, acetylcarnitine and propionylcarnitine

in the treatment of chronic fatigue syndrome, abstract, Proceedings of the Third International

Clinical and Scientific Meeting on Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (2001),

Alison Hunter Memorial Foundation, P.O. Box 2093, BOWRAL, NSW 2576, Australia.

32. Vermeulen, R.C. and Scholte, H.R., Exploratory open label, randomized study of acetyl- and

propionylcarnitine in chronic fatigue syndrome, Psychosom. Med. (2004); 66 (2): 276-282.

33. Li, Y.J., Wang, D.X., Bai, X.L., Chen, J., Liu, Z.D., Feng, Z.J., and Zhao, Y.M., Clinical

characteristics of patients with chronic fatigue syndrome: analysis of 82 cases, Zhonghua Yi Xue Za

Zhi (2005); 85 (10): 701-704.

34. Vermeulen, R.C., and Sholte, H.R., Azithromycin in chronic fatigue syndrome (CFS), an analysis

of clinical data, J. Translat. Med. (2006); 4: 34.

35. Langsjoen, P.H., Langsjoen, P.H. and Folkers, K., Clin. Investig. (1993); 71(8 Suppl): S140-S144.

36. Bentler, S.E., Hartz, A.J., and Kuhn, E.M., Prospective observational study of treatments of

unexplained chronic fatigue, J. Clin. Psychiatry (2005); 66 (5): 625-32.

37. Nicolson, G.L., and Ellithorpe, R., Lipid replacement and antioxidant nutritional therapy for

restoring mitochondrial function and reducing fatigue in chronic fatigue syndrome and other

fatiguing illnesses, J. Chronic Fatigue Syndrome (2006); 13 (1): 57-68.

38. van Heukelom, R.O., Prins, J.B., Smits, M.G. and Bleijenberg, G., Influence of melatonin on

fatigue severity in patients with chronic fatigue syndrome and late melatonin secretion, Eur. J.

Neurol. (2006); 13 (1): 55-60.

39. Van Konynenburg, R. A., Chapter 27: Nutritional approaches, Handbook of Chronic Fatigue

Syndrome, L. A. Jason et al., eds, John Wiley and Sons, Hoboken, NJ, U.S.A. (2003), pp. 580-653.

40. Werbach, M.R., Nutritional strategies for treating chronic fatigue syndrome, Alternative

Medicine Review (2000); 5 (2): 93-108.

41. Lapp, C. W. and Cheney, P. R., The rationale for using high-dose cobalamin (vitamin B-12),

CFIDS Chronicle Physicians’ Forum (Fall, 1993): 19-20, CFIDS Assn. of America.

42. Lapp, C.W., Using vitamin B-12 for the management of CFS, CFIDS Chronicle (1999); 12 (6):



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

16 de 23 23/03/2007 19:34

14-16, CFIDS Assn. of America.

43. Evengard, B., Nilsson, C.G., Astrom, G., Lindh, G., Lindqvist, L., Olin, R. et al., Cerebral spinal

fluid vitamin B12 deficiency in chronic fatigue syndrome, abstract, Proceedings of the American

Association for Chronic Fatigue Syndrome Research Conference, San Francisco, CA, U.S.A. (October

13-14, 1996).

44. Regland, B., Andersson, M., Abrahamsson, L., Bagby, J., Dyrehag, L.E., and Gottfries, C.G.,

Increased concentrations of homocysteine in the cerebrospinal fluid in patients with fibromyalgia

and chronic fatigue syndrome, Scand. J. Rheumatol. (1997); 26: 301-307.

45. Regland, B., Andersson, M., Abrahamson, L., Bagby, J., Dyrehag, L.E., and Gottfries, C.G.,

One-carbon metabolism and CFS, abstract, Proceedings of the 1998 Sydney Chronic Fatigue

Syndrome Conference, Alison Hunter Memorial Foundation, P.O. Box 2093, BOWRAL NSW 2576,

Australia.

46. Lundell, K., Qazi, S., Eddy, L., and Uckun, F.M., Clinical activity of folinic acid in patients with

chronic fatigue syndrome, Arzneimittelforchung (2006); 56 (6): 399-404.

47. Ali, M., Ascorbic acid reverses abnormal erythrocyte morphology in chronic fatigue syndrome,

abstract, Am. J. Clin. Pathol. (1990); 94:515.

48. Ali, M., Hypothesis: chronic fatigue is a state of accelerated oxidative molecular injury, J.

Advancement in Med. (1993); 6 (2): 83-96.

49. Cheney, P.R., Evidence of glutathione deficiency in chronic fatigue syndrome, American

Biologics 11th International Symposium (1999), Vienna, Austria, tape no. 07-199, available from

Professional Audio Recording, P.O. Box 7455, LaVerne, CA, 91750, U.S.A. (phone 1-800-227-4473).

50. Cheney, P.R., Chronic fatigue syndrome, lecture presented to the CFIDS Support Group of

Dallas-Fort Worth, Euless, TX, on May 15, 1999, video tape obtained from Carol Sieverling, 513

Janann St., Euless, TX 76039, U.S.A.

51. Richards, R.S., Roberts, T.K., Dunstan, R.H., McGregor, N.R. and Butt, H.L., Free radicals in

chronic fatigue syndrome: cause or effect?, Redox Report (2000); 5 (2/3): 146-147.

52. Richards, R.S., Roberts, T.K., McGregor, N.R., Dunstan, R.H., and Butt, H.L., Blood parameters

indicative of oxidative stress are associated with symptom expression in chronic fatigue syndrome,

Redox Report (2000); 5 (1): 35-41.

53. Fulle, S., Mecocci, P., Fano, G., Vecchiet, I., Vecchini, A., Racciotti, D., Cherubini, A.,

Pizzigallo, E., Vecchiet, L., Senin, U., and Beal, M.F., Specific oxidative alterations in vastus

lateralis muscle of patients with the diagnosis of chronic fatigue syndrome, Free Radical Biol. and

Med. (2000); 29 (12): 1252-1259.

54. Manuel y Keenoy, B., Moorkens, G., Vertommen, J., Noe, M., Neve, J., and De Leeuw, I.,

Magnesium status and parameters of the oxidant-antioxidant balance in patients with chronic

fatigue: effects of supplementation with magnesium, J. Amer. Coll. Nutrition (2000); 19 (3):

374-382.

55. Manuel y Keenoy, B., Moorkens, G., Vertommen, J., and De Leeuw, I., Antioxidant status and

lipoprotein peroxidation in chronic fatigue syndrome, Life Sciences (2001); 68: 2037-2049.

56. Vecchiet, J., Cipollone, F., Falasca, K., Mezzetti, A., Pizzigallo, E., Bucciarelli, T., De Laurentis,

S., Affaitati, G., De Cesare, D., Giamberardino, M.A., Relationship between musculoskeletal

symptoms and blood markers of oxidative stress in patients with chronic fatigue syndrome,

Neuroscience Letts. (2003); 335: 151-154.



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

17 de 23 23/03/2007 19:34

57. Smirnova, I.V., and Pall, M.L., Elevated levels of protein carbonyls in sera of chronic fatigue

syndrome patients, Molecular and Cellular Biochem. (2003); 248: 93-95.

58. Jammes, Y., Steinberg, J.G., Mambrini, O., Bregeon, F., and Delliaux, S., Chronic fatigue

syndrome: assessment of increased oxidative stress and altered muscle excitability in response to

incremental exercise, J. Intern. Med. (2005); 257 (3): 299-310.

59. Kennedy, G., Spence, V.A., McLaren, M., Hill, A., Underwood, C. and Belch, J.J., Oxidative

stress levels are raised in chronic fatigue syndrome and are associated with clinical symptoms, Free

Radic. Biol. Med. (2005); 39 (5): 584-589.

60. Maes, M., Mihaylova, I. and Leunis, J.C., Chronic fatigue syndrome is accompanied by an

IgM-related immune response directed against neopitopes formed by oxidative or nitrosative damage

to lipids and proteins, Neuro Endocrinol. Lett. (2006); 27 (5): 615-621.

61. Richards, R.S., Wang, L., and Jelinek, H., Erythrocyte oxidative damage in chronic fatigue

syndrome, Arch. Med. Res. (2007); 38 (1): 94-98.

62. Kurup, R.K., and Kurup, P.A., Hypothalamic digoxin, cerebral chemical dominance and myalgic

encephalomyelitis, Intern. J. Neurosci. (2003); 113: 683-701.

63. Salvato, P., CFIDS patients improve with glutathione injections, CFIDS Chronicle (Jan./Feb.

1998). CFIDS Assn. of America.

64. Foster, J.S., Kane, P.C., and Speight, N., The Detoxx Book: Detoxification of Biotoxins in Chronic

Neurotoxic Syndromes, Doctor’s Guide (2003), available from http://www.detoxxbox.com.

65. Enlander, D., CFS Handbook, second edition, N.Y. CFIDS Assn., Comp Medica Press, Medical

Software Co., New York (2002), available from author at 860 Fifth Avenue, New York, NY 10021,

U.S.A.

66. Goertzel, B.N., Pennachin, C., Coelho, L. de S., et al., Combinations of single nucleotide

polymorphisms in neuroendocrine effector and receptor genes predict chronic fatigue syndrome,

Pharmacogenomics (2006); 7 (3): 475-483.

67. Yeargin-Allsopp, M., Rice, C., Karapurkar, T., et al., Prevalence of autism in a US metropolitan

area, JAMA (2003); 289: 49-55.

68. Jason, L.A., Richman, J.A., Rademaker, A.W. et al., A community-based study of chronic fatigue

syndrome, Arch. Intern. Med. (1999); 159 (18): 2129-2137.

69. Reyes, M., Nisenbaum, R., Hoaglin, D. et al., Prevalence and incidence of chronic fatigue

syndrome in Wichita, Kansas, Arch. Intern. Med. (2003); 163: 1530-6.

70. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), American

Psychiatric Association, Washington, D.C. (1994).

71. Fukuda, K., Straus, S.E., Hickie, I., Sharpe, M.C., Dobbins, J.G., and Komaroff, A., The chronic

fatigue syndrome: a comprehensive approach to its definition and study, International Chronic

Fatigue Syndrome Study Group, Ann. Intern. Med. (1994); 121 (12): 953-959.

72. Carruthers, B., Jain, A.K., De Meirleir, K.L., Peterson, D.L., Klimas, N.G., Lerner, A.M., Bested,

A.C., Flor-Henry, P., Joshi, P., Powles, A.C., Sherkey, J.A., and van de Sande, M.L., Myalgic

encephalomyelitis/chronic fatigue syndrome: clinical working case definition, diagnostic and

treatment protocols, J. Chronic Fatigue Syndrome (2003); 11 (1): 7-115.

73. Pangborn, J., Section 3: Molecular aspects of autism, in Pangborn, J. and Baker, S.M., Autism:

Effective Biomedical Treatments (2005), pp. 187-188, Autism Research Institute, 4182 Adams



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

18 de 23 23/03/2007 19:34

Avenue, San Diego, CA 92116, U.S.A.

74. Geier, M.R., and Geier, D.A., The potential importance of steroids in the treatment of autistic

spectrum disorders and other disorders involving mercury toxicity, Medical Hypotheses (2005); 64

(5): 946-954.

75. Geier, M.R., and Geier, D.A., An assessment of downward trends in neurodevelopmental

disorders in the United States following removal of thimerosol from childhood vaccines, Med. Sci.

Mon. (2006); 12 (6): CR231-CR239.

76. Van Konynenburg, R.A., Why is the prevalence of chronic fatigue syndrome higher in women

than in men?, poster paper, this Conference (2007).

77. Kim, S., Lim, I.K., Park, G.H., and Paik, W.K., Biological methylation of myelin basic protein:

enzymology and biological significance, Int. J. Biochem. Cell Biol. (1997); 29 (5): 743-751.

78. Bursch, B., Ingman, K., Vitti, L., Hyman, P., and Zeltzer, L.K., Chronic pain in individuals with

previously undiagnosed autistic spectrum disorders, J. Pain (2004); 5 (5): 290-295.

79. Croonenberghs, J., Bosmans, E., Deboutte, D., Kenis, G., and Maes, M., Activation of the

inflammatory response system in autism, Neuropsychobiology (2002); 45 (1): 1-6.

80. Gupta, S., Aggarwal, S., Rashanravan, B., and Lee, T., Th1- and Th2-like cytokines in CD4+ and

CD8+ cells in autism, J. Neuroimmunol. (1998); 85 (1): 106-109.

81. Warren, R.P., Foster, A., and Margaretten, N.C., Reduced natural killer cell activity in autism,

J. Am. Acad. Child Adolesc. Psychiatry (1987); 26 (3): 333-335.

82. Correia, C., Coutinho, A.M., Diogo, L., Grazina, M., Marques, C., Miguel, T., Ataide, A.,

Almeida, J., Borges, L., Oliveira, C., Oliveira, G., and Vicente, A.M., Brief report: high frequency of

biochemical markers for mitochondrial dysfunction in autism: no association with the mitochondrial

aspartate/glutamate carrier SLC25A12 Gene, J. Autism Dev. Disord. (2006); 36 (8): 1137-1140.

83. Filipek, P.A., Juranek, J., Nguyen, M.T., Cummings, C., and Gargus, J.J., Relative carnitine

deficiency in autism, J. Autism Dev. Disord. (2004); 34 (6): 615-623.

84. Hoshino, Y., Ohno, Y., Murata, S., Yokoyama, F., Kaneko, M., and Kumashiro, H.,

Dexamethasone suppression test in autistic children, Folia Psychiatr Neurol Jpn (1984); 38 (4):

445-449.

85. White, J.F., Intestinal pathophysiology in autism, Exp. Biol. Med. (Maywood) (2003); 228 (6):

639-649. 

86. Liu, X., Hubbard, J.A., Fabes, R.A., and Adam, J.B., Sleep disturbances and correlates of

children with autism spectrum disorders, Child Psychiatry Hum. Dev. (2006); 37 (2): 179-191.

87. Sullivan, P.F., Genetics, chapter 5 in Handbook of Chronic Fatigue Syndrome, L.A. Jason et al.,

eds., (2003) John Wiley and Sons, Hoboken, NJ, U.S.A., pp. 89-107.

88. Narita, M., Nishigami, N., Narita, N., Yamaguti, K., Okado, N., Watanabe, Y., and Kuratsune, H.,

Association between serotonin transporter gene polymorphism and chronic fatigue syndrome,

Biochem. Biophys. Res. Commun. (2003); 311 (2): 264-266.

89. Torpy, D.J., Bachmann, A.W., Gartside, M., Grice, J.E., Harris, J.M., Clifton, P., Easteal, S.,

Jackson, R.V., Whitworth, J.A., Association between chronic fatigue syndrome and the

corticosteroid-binding globulin gene ALA SER224 polymorphism, Endocr. Res. (2004); 30 (3):

417-429.

90. Carlo-Stella, N., Badulli, C., De Silvestri, A., Bazzichi, L., Martinetti, M., Lorusso, L.,



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

19 de 23 23/03/2007 19:34

Bombardieri, S., Salvaneschi, L., and Cuccia, M., A first study of cytokine genomic polymorphisms in

CFS: positive association of TNF-857 and IFNgamma 874 rare alleles, Clin. Exp. Rheumatol. (2006);

24 (2): 179-182.

91. Smith, A.K., White, P.D., Aslakson, E., Vollmer-Conna, U., and Rajeevan, M.S., Polymorphisms

in genes regulating the HPA axis associated with empirically delineated classes of unexplained

chronic fatigue, Pharmacogenomics (2006); 7 (3): 387-394.

92. Gursoy, S., Erdal, E., Herken, H. et al., Significance of catechol-O-methyltransferase gene

polymorphism in fibromyalgia, Rheumatol. Intl. (2003); 23: 104-7.

93. Garcia-Fructuoso, F.J., Beyer, K., and Lao-Villadoniga, J.I., Analysis of Val 159 Met genotype

polymorphisms in the COMT locus and correlation with IL-6 and IL-10 expression in fibromyalgia

syndrome, J. Clin. Res. (2006); 9: 1-10.

94. McKeown-Eyssen, G., Baines, C., Cole, D.E., Riley, N., Tyndale, R.F., Marshall, L., and Jazmaji,

V., Case-control study of genotypes in multiple chemical sensitivity: CYP2D6, NAT1, NAT2, PON1,

PON2 and MTHFR, Int. J. Epidem. (2004); 33: 971-978.

95. Lertratanangkoon, K., Orkiszewski, R.S., and Scimeca, J.M., Methyl-donor deficiency due to

chemically induced glutathione depletion, Cancer Research (1996); 56: 995-1005.

96. Pancewicz, S.A., Skrzydlewska, E., Hermanowska-Szpakowicz, T., Zajkowska, J.M., and

Kondrusik, M., Role of reactive oxygen species (ROS) in patients with erythema migrans, an early

manifestation of Lyme borreliosis, Med. Sci. Monit. (2001); 7 (6): 1230-1235.

97. Elenkov, I.J., Glucocorticoids and the Th1/Th2 balance, Ann. N.Y. Acad. Sci. (2004); 1024:

138-146.

98. Peterson, J.D., Herzenberg, L.A., Vasquez, K., and Waltenbaugh, C., Glutathione levels in

antigen-presenting cells modulate Th1 versus Th2 response patterns, Proc. Natl. Acad. Sci. U.S.A.

(1998); 95: 3071-3076.

99. Murata, Y., Shimamura, T., and Hamuro, J., The polarization of Th1/Th2 balance is dependent

on the intracellular thiol redox status of macrophages due to the distinctive cytokine production,

Internat. Immunol. (2002); 14 (2): 201-212.

100. Katler, E., and Weissmann, G., Steroids, aspirin and inflammation, Inflammation (1977); 2 (4):

295-307.

101. Maher, K.J., Klimas, N.G. and Fletcher, M.A., Chronic fatigue syndrome is associated with

diminished intracellular perforin, Clin. Exp. Immunol. (2005); 142 (3): 505-511.

102. Chakravarthi, S. and Bulleid, N.J., Glutathione is required to regulate the formation of native

disulfide bonds within proteins entering the secretory pathway, J. Biol. Chem. (2004); 279 (38):

39872-39879.

103. Li, F., Zhou, X., Qin, W., and Wu, J., Full-length cloning and 3’-terminal portion expression of

human perforin cDNA, Clinica Chimica Acta (2001); 313: 125-131.

104. Baraniuk, J.N., Casado, B., Maibach, H., Clauw, D.J., Pannell, L.K., and Hess, S.S., A chronic

fatigue syndrome-related proteome in human cerebrospinal fluid, BMC Neurol. (2005); 5: 22.

105. Dhur, A. Galan, P. and Hercberg, S., Folate status and the immune system, Prog. Food Nutr.

Sci. (1991); 15 (1-2): 43-60.

106. Komaroff, A.L., and Buchwald, D.S., Chronic fatigue syndrome: an update, Annual Reviews of

Medicine (1998); 49:1-13.



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

20 de 23 23/03/2007 19:34

107. Roederer, M., Raju, P.A., Staal, F.J.T., Herzenberg, L.A., and Herzenberg, L.A., acetylcysteine

inhibits latent HIV expression in chronically infected cells, AIDS Research and Human Retroviruses

(1991); 7: 563-567.

108. Staal, F.J.T., Roederer, M., Israelski, D.M., Bubp, J., Mole, L.A., McShane, D., Deresinski, S.C.,

Ross, W., Sussman, H., Raju, P.A., Anderson, M.T., Moore, W., Ela, S.W., Herzenberg, L.A., and

Herzenberg, L.A., Intracellular glutathione levels in T cell subsets decrease in HIV-infected

individuals, AIDS Research and Human Retroviruses (1992); 8: 305-311.

109.. Ciriolo, M.R., Palamara, A.T., Incerpi, S., Lafavia, E., Bue, M.C., De Vito, P., Garaci, E., and

Rotilio, G., Loss of GSH, oxidative stress, and decrease of intracellular pH as sequential steps in viral

infection, J. Biol. Chem. (1997); 272 (5): 2700-2708.

110. Cai, J., Chen, Y., Seth, S., Furukawa, S., Compans, R.W., and Jones, D.P., Inhibition of

influenza infection by glutathione, Free Radical Biology & Medicine (2003); 34 (7): 928-936.

111. Palamara, A.T., Perno, C.-F., Ciriolo, M.R., Dini, L., Balestra, E., D'Agostini, C., Di Francesco,

P., Favalli, C., JRotilio, G, and Garaci, E., Evidence for antiviral activity of glutathione: in vitro

inhibition of herpes simplex virus type 1 replication, Antiviral Research (1995); 27: 237-253.

112. Azenabor, A.A., Muili, K., Akoachere, J.F., and Chaudhry, A., Macrophage antioxidant enzymes

regulate Chlamydia pneumoniae chronicity: evidence of the effect of redox balance on

host-pathogen relationship, Immunobiology (2006); 211 (5): 325-339.

113. Norais, N., Tang, D., Kaur, S., Chamberlain, S.H., Masiarz, F.R., Burke, R.L., and Marcus, F.,

Disulfide bonds of Herpes simplex virus type 2 glycoprotein gB, J. Virology (1996); 70 (11):

7379-7387.

114. Taylor, E. W., Nadimpalli, R.G., and Ramanathan, C.S., Genomic structures of viral agents in

relation to the biosynthesis of selenoproteins, Biol. Trace Elem. Res. (1997); 56 (1): 63-91.

115. Taylor, E.W., Selenium and viral diseases: facts and hypotheses, J. Orthomolec. Med. (1997);

12 (4): 227-239.

116. Broadley, M.R., White, P.J., Bryson, R.J., Meacham, M.C., Bowen, H.C., Johnson, S.E.,

Hawkesford, M.J., McGrath, S.P., Zhao, F.J., Breward, N., Harriman, M., and Tucker, M.,

Biofortification of UK food crops with selenium, Proc. Nutr. Soc. (2006); 65 (2): 169-81.

117. Janeway, C.A., Jr., Travers, P., Walport, M. and Shlomchik, M.J., T Cell-Mediated Immunity,

chapter 8 in Immunobiology, 6th edition, Garland Science, New York (2005), pp. 319-365.

118. Bastide, L., Demettre, E., Martinand-Mari, C., and Lebleu, B., Interferon and the

2-5A/Pathway, chapter 1 in Englebienne, P., and De Meirleir, K., Chronic fatigue syndrome--a

biological approach, CRC Press, Boca Raton, FL, U.S.A. (2002), pp. 1-15.

119. Bounous, G., and Molson, J., Competition for glutathione precursors between the immune

system and the skeletal muscle: pathogenesis of chronic fatigue syndrome, Med. Hypotheses (1999);

53 (4): 347-349. 

120. Pall, M., Elevated, sustained peroxynitrite levels as the cause of chronic fatigue syndrome,

Med. Hypotheses (2000); 54 (1): 115-125.

121. Fridovich, I., Superoxide radical and superoxide dismutases, Annu. Rev. Biochem. (1995); 64:

97-112.

122. Radi, R., Cassina, A., Hodara, R., Quijano, C., and Castro, L., Peroxynitrite interactions and

formation in mitochondria, Free Radic. Biol. Med. (2002); 33 (11); 1451-1464.



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

21 de 23 23/03/2007 19:34

123. Suhadolnik, R.J., Peterson, D.L., O’Brien, K., Cheney, P.R., Herst, C.V.T., Reichenbach, N.L.,

et al., Biochemical evidence for a novel low molecular weight 2-5A-dependent RNase L in chronic

fatigue syndrome, J. Interferon Cytokine Research (1997); 17: 377-385.

124. Englebienne, P., Herst, C.V., Roelens, S., D’Haese, A., El Bakkouri, K., De Smet, K., Fremont,

M., Bastide, L., Demettre, E. and Lebleu, B., Ribonuclease L: overview of a multifaceted protein,

chapter 2 in Englebienne, P., and De Meirleir, K., Chronic fatigue syndrome--a biological approach,

CRC Press, Boca Raton, FL, U.S.A. (2002), pp. 17-54.

125. Rackoff, J., Yang, Q., and DePetrillo, P.B., Inhibition of rat PC12 cell calpain activity by

glutathione, oxidized glutathione and nitric oxide, Neurosci. Lett. (2001); 311 (2): 129-132.

126. Baggiolini, M., Schnyder, J., Bretz, U., Dewald, B., and Ruch, W., Cellular mechanisms of

proteinase release from inflammatory cells and the degradation of extracellular proteins, Ciba

Found. Symp. (1979); 75: 105-121.

127. Droge, W., and Breitkreutz, R., Glutathione and immune function, Proc. Nutr. Soc. (2000); 59:

595-600.

128. Seelig, M.S., Review and hypothesis: might patients with the chronic fatigue syndrome have

latent tetany of magnesium deficiency?, J. Chronic Fatigue Syndrome (1998); 4 (2): 77-108.

129. Durlach, J., Pages, N., Bac, P., Bara, M., Guiet-Bara, A., and Agrapart, C., Chronopathological

forms of magnesium depletion with hypofunction or with hyperfunction of the biological clock,

Magnes. Res. (2002); 15 (3-4): 263-268.

130. Barbagallo, M., Dominguez,L.J., Taglimonte, M.R., Resnick, L.M. and Paolisso, G., Effects of

glutathione on red blood cell intracellular magnesium: relation to glucose metabolism, Hypertension

(1999); 34 (1): 76-82.

131. Stejskal, V.D., Danersund, A., Lindvall, A., Hudecek, R., Nordman, V., Yaqob, A., Mayer, W.,

Bieger, W., and Lindh, U., Metal-specific lymphocytes: biomarkers for sensitivity in man,

Neuroendocrinol. Lett. (1999); 20 (5): 289-298.

132. Sterzl, I., Prochazkova, J., Hrda, P., Bartova, J., Matucha, P., and Skejskal, V.D., Mercury and

nickel allergy: risk factors in fatigue and autoimmunity, Neuroendocrinol. Lett. (1999); 20 (3-4):

221-228.

133. Marcusson, J.A., The frequency of mercury intolerance in patients with chronic fatigue

syndrome and healthy controls, Contact Dermatitis (1999); 41 (1): 60-61.

134. Watson, W.P., Munter, T., and Golding, B.T., A new role for glutathione: protection of vitamin

B12 from depletion by xenobiotics, Chem. Res. Toxicol. (2004); 17: 1562-1567.

135. Waly, M., Oltenau, H., Banerjee, R., Choi, S-W., Mason, J.B., Parker, B.S., Sukumar, S., Shim,

S., Sharma, A., Benzecry, J.M., Power-Charnitsky, V-A., and Deth, R.C., Activation of methionine

synthase by insulin-like growth factor-1 and dopamine: a target for neurodevelopmental toxins and

thimerosol," Molec. Psychiat. (2004); 9: 358-370. 

136. Personal communication with Dr. Sarah Myhill of Wales, UK (2006), based on laboratory analysis

of Dr. John McLaren Howard of Biolab Medical Unit in London, UK. To be published.

137. Levine, S.A. and Kidd, P.M., Antioxidant adaptation: its role in free radical pathology, Allergy

Research Group, San Leandro, CA, U.S.A. (1986).

138. Demitrack, M.A., Dale, J.K., Straus, S.E., Laue, L., Listwak, S.J., and Kruesi, M.J., Evidence for

impaired activation of the hypothalamic-pituitary-adrenal axis in patients with chronic fatigue

syndrome, J. Clin. Endocrinol. Metab. (1991): 73 (6): 1224-1234.



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

22 de 23 23/03/2007 19:34

139. Bennett, H.P., Seidah, N.G., Benjannet, S., Solomon, S., and Chretien, M., Reinvestigation of

the disulfide bridge arrangement in human pro-opiomelanocortin N-terminal segment (hNT 1-76),

Int. J. Pept. Protein Res. (1986); 27 (3): 306-313.

140. Demitrack, M.A., Neuroendocrine correlates of chronic fatigue syndrome: a brief review, J.

Psychiatric Research (1997); 31 (1): 69-82.

141. Bakheit, A.M., Behan, P.O., Watson, W.S., and Morton, J.J., Abnormal arginine-vasopressin

secretion and water metabolism in patients with postviral fatigue syndrome, Acta Neurol. Scand.

(1993); 87 (3): 234-238.

142. Greenspan, F.S. and Gardner, D.G., Basic & Clinical Endocrinology, seventh edition, Lange

Medical Books/McGraw-Hill, New York (2004), p. 116.

143. Anderberg, U.M., and Uvnas-Moberg, K., Plasma oxytocin levels in female fibromyalgia

syndrome patients, Z. Rheumatol. (2000); 59 (6): 373-379.

144. Flechas, J., Oxytocin in the treatment of fibromyalgia, lecture (2004), available from

http://www.brodabarnes.org/audio_visual.htm, order number A126.

145. Peckerman, A., LaManca, J.J., Dahl, K.A., Chemitiganti, R., Qureishi, B., and Natelson, B.H.,

Abnormal impedance cardiography predicts symptom severity in chronic fatigue syndrome, Am. J.

Med. Sci. (2003); 326 (2): 55-60.

146. Cheney, P.R., CFS & Diastolic Cardiomyopathy, lecture (June 18, 2005), video tape obtained

from Dallas-Fort Worth CFIDS Support Group, 513 Janann St., Euless, TX 76039, U.S.A.

147. Cheney, P.R., Chronic fatigue syndrome: the heart of the matter, lecture (September 2006),

DVDs obtained from Dallas-Fort Worth CFIDS Support Group, 513 Janann St., Euless, TX 76039,

U.S.A.

148. Lerner, A.M., Dworkin, H.J., Sayyed, T., Chang, C.H., Fitzgerald, J.T., Begaj, S., Deeter, R.G.,

Goldstein, J., Gottipolu, P., and O’Neill, W., Prevalence of abnormal cardiac wall motion in the

cardiomyopathy associated with incomplete multiplication of Epstein-Barr Virus and/or

cytomegalovirus in patients with chronic fatigue syndrome, In Vivo (2004); 18 (4): 417-424.

149. Stewart, J.M., Orthostatic intolerance, chapter 13, Handbook of Chronic Fatigue Syndrome, L.

A. Jason et al., eds, John Wiley and Sons, Hoboken, NJ, U.S.A. (2003), pp. 245-280.

150. Wikland, B., Lowhagen, T., and Sandberg, P.O.. Fine-needle aspiration cytology of the thyroid

in chronic fatigue, Lancet (2001); 357 (9260): 956-957.

151. Hyde, B., paper at this Conference. (The present author’s review of Dr. Hyde’s 2004

preconference talk, in which he also discussed this topic, can be found at either of the following

websites: http://phoenix-cfs.org/AACFS04Hyde.htm or

http://www.pahealthsystems.com/archive308-2004-11-192561.html

152. Duthoit, C., Estienne, V., Giraud, A., Durand-Gorde, J.M., Rasmussen, A.K., Feldt-Rasmussen,

U., Carayon, P., and Ruf, J., Hydrogen peroxide-induced production of 40 kDa immunoreactive

thyroglobulin fragment in human thyroid cells: the onset of thyroid autoimmunity?, Biochem. J.

(2001); 360 (Pt 3): 557-562.

153. Ekholm, R. and Bjorkman, U., Glutathione peroxidase degrades intracellular hydrogen peroxide

and thereby inhibits intracellular protein iodination in thyroid epithelium, Endocrinology (1997);

138: 2871-2878.



Glut depletion Methylation Konynenburg http://www.phoenix-cfs.org/GSH%20Methylation%20Van%20Konyn...

23 de 23 23/03/2007 19:34

154. Nicolson, G.L., Gan, R., and Haier, J., Multiple co-infections (Mycoplasma, Chlamydia, human

herpes virus-6) in blood of chronic fatigue syndrome patients: association with signs and symptoms,

APMIS (2003); 111 (5): 557-566.

155. Buchwald, D., Werner, M.H., Pearlman, T., and Kith, P., Markers of inflammation and immune

activation in chronic fatigue and chronic fatigue syndrome, J. Rheumatol. (1997), 24 (2): 372-376.

156. Bhagavan, N.V., Medical Biochemistry, fourth edition, Harcourt Academic Press, San Diego, CA,

U.S.A. (2002) p. 352.

157. Burnet, R.B., and Chatterton, B.E., Gastric emptying is slow in chronic fatigue syndrome, BMC

Gastroenterology (2004); 4: 32.

158. Emerenziani, S., and Sifrim, D., Gastroesophageal reflux and gastric emptying, revisited, Curr.

Gastroenterol. Rep. (2005); 7 (3): 190-195.

159. Pimentel, M., Wallace, D., Hallegua, D., Chow, E., Kong, Y., Park, S., and Lin, H.C., A link

between irritable bowel syndrome and fibromyalgia may be related to findings on lactulose breath

testing, Ann. Rheum. Dis. (2004); 63 (4): 450-452.

160. Nisenbaum, R., Jones, J.F., Unger, E.R., Reyes, M., and Reeves, W.C., A population-based

study of the clinical course of chronic fatigue syndrome, Health Qual. Life Outcomes (2003); 1 (1):

49.

161. Woolley, J., Allen, R., and Wessely, S., Alcohol use in chronic fatigue syndrome, J. Psychosom.

Res. (2004): 56 (2): 203-206.

 

 

 

 

 

 

 

 

 


	Sin titulo
	th1
	Sin titulo

