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Introduction

Abstract

Common to Myalgic encephalomyelitis, chronic fatigue syndrome
and so-called long Covid is the panoply of complaints, with Post Ex-
ertional Malaise (PEM) as the most typical symptom. Added to that
are permanent feeling of fatigue, decreased capacity to concentrate,
so-called brain fog, non restorative sleep, diffuse pain, and —in case of
long Covid —respiratory distress. Several recent studies have confirmed
my original hypothesis that poor metabolism and energy production
by the mitochondria are responsible for the majority of these phe-
nomena. | have suggested that inhibition of Pyruvate dehydrogenase
(Pdh) activity is the major reason for this. Pdh inhibition is probably
caused by the excess of the phosphatase: Pyruvate Dehydrogenase Ki-
nase (PDK). The latter results from “Systemic Immune Disorder” (what
| called “SID”) and inflammation. Based on this hypothesis | have ap-
plied oral and infusion treatment modalities which were successful in
approximately 80% of 130 consecutive patients. The pivotal substances
are sodium dichloroacetate, that reduces PDK, Meldonium, that facili-
tates intracellular glucose metabolism, and low dose Nalexone, that
optimises the function of microglia.
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functionally defective, and insulin binding is inadequate. This is
called insulin resistance, and causes the cellular uptake of glu-

In order for the body to function normally it requires energy,
mainly as Adenosine Triphosphate (ATP). That is reduced to
adenosine diphosphate and adenosine monophosphate in the
target cells of organs. ATP is generated from glucose and from
fatty acids ingested in food. This metabolic process requires sev-
eral biochemical steps that are facilitated by enzymes. When
glucose reaches the cells through the blood stream it must pass
through the outer cell membrane. This process requires insulin,
secreted by the pancreas, to bind to receptors on the cell mem-
brane. If the secretion of insulin is decreased, glucose uptake is
disturbed, and the glucose metabolism is deficient, which can
result in diabetes. Alternatively, the insulin receptors may be

cose to be impaired [1]. In the interior of the cells glucose, that
is build up of 6 carbon atoms, must be split into two molecules
containing each 3 carbon atoms, and that is called pyruvate.
This process is called glycolysis. Glycolysis does not require oxy-
gen. The “anaerobic metabolism” and the Cori cycle produce
ATP, but have the inconvenience to also generate excess lactate

[2].

Next, the pyruvate enters the so-called “energy centrals”
of the cells, being the mitochondria. Inside the mitochondria,
which are extremely small (hardly visible though the light mi-
croscope, and therefore called “sub-microscopic”) pyruvate is
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metabolised to efficiently generate energy. This requires the
presence of oxygen and is called “aerobic metabolism”. In the
first step of the process one carbon atom is remove from py-
ruvate, and eliminated after binding to oxygen, resulting in CO,
that is eliminated by respiration. This critical metabolic step is
facilitated by the enzyme Pyruvate dehydrogenase (Pdh). The
newly formed molecule (Acetyl-coenzyme A) contains only 2
carbon atoms, and is further broken down in what is called the
“Krebs cycle” (also called “Citric acid cycle”). This consists of a
sequence of metabolic steps facilitated by specific enzymes,
generating a relatively large quantity of ATP.

The Krebs cycle also metabolises fatty acids, that need to be
entered into the mitochondria thanks to the transporter pro-
tein carnitine, that is derived from amino acids. The metabolism
of fatty acids also generates ATP, but it also acidifies the blood
by the production of ketones, which may exert a toxic effect if
present in high concentration. Fatty acid metabolism competes
with pyruvate for the Krebs cycle.

Any step in this complicated sequence of metabolic process-
es will result in disturbed production of energy, that may cause
most of the signs and symptoms of ME/CFS.

Pathogenesis

Disturbance of any of the successive steps in the metabolic
process from nutritional glucose uptake to the production of
energy, as well as the accumulation of lactate, cause abnormal
fatigue, “post exertional malaise” (P.E.M.), functional impair-
ment of the central nervous system, and diffuse muscular pain.

Insulin resistance diminishes the entry of glucose through
the cell membrane and reducing its transfer into the cellular
cytoplasm. Insulin resistance [1] commonly is part of the meta-
bolic syndrome [3], in which case the latter diagnosis should be
given, rather than ME/CFS. If insulin resistance is due to oxida-
tive damage to the receptor as a result from general oxidative
stress from inflammation, it may considered as an element of
the pathogenesis of ME/CFS. Next glycolysis from glucose (with
6 carbon atoms ) to pyruvate (with 3 carbon atoms) may be de-
ficient due a genetic defect of the enzyme system. In this case
fatigue should not be attributed to ME/CFS.

The transportation of pyruvate through the outer membrane
of the mitochondria takes place passively through large chan-
nels. Pyruvate then comes in contact with the enzymes of the
inner membrane of the mitochondria, where oxygen causes the
molecule to loose another carbon atom that is eliminated as
CO,. The resulting product, called Acetyl Co-A build of only 2
carbon atoms, is further metabolised by an sequence of reac-
tions in what is called the Krebs cycle. This cycle is the main
source of energy by efficiently generating ATP, but also some Re-
active Oxygen Species (ROS). It is rather complicated sequence
of metabolic changes that are facilitated by specific enzymes.

The reaction from pyruvate to Acetyl Co-A is activated by
the very important enzyme Pyruvate dehydrogenase (Pdh).
However the activity of Pdh can be inhibited by its opponent,
the phosphatase: Pyruvate Dehydrogenase Kinase (PDK). The
healthy equilibrium between Pdh and PDK can be disturbed in
favour of PDK, reducing the activity of Pdh. The production of
Acetyl Co-A and, subsequently, the production of energy by the
Krebs cycle are reduced. Disturbance of Pdh/PDK equilibrium

occurs in case of inflammation and/or immunologic disorder
[4]. In ME/CFS the inhibited Pdh activity, due to excess PDK, is
probably the most important mechanism causing poor energy
(ATP) production by the cells, and the resulting fatigue and ce-
rebral dysfunction. In fact, poorly efficient ATP production also
impairs the pump functions (sodium-potassium pump, calcium
pump) which are activated by ATP-ase in the cell membrane.

As far as fibromyalgic pain is concerned, there are additional
factors that play a role, among which the enhanced connectivity
between pain centres in the brain is probably the most relevant
[5]. The peripheral pain stimulus is captured by specific “noci-
ceptors” and transferred to the brain, through the spinal cord.
There is evidence that this transportation may be enhanced
in fibromyalgia patients [6]. The stimulus arrives at the part of
the brain, called the thalamus, located at the brain base. From
there, the pain message is relayed to the brain cortex, where
the pain sensation is perceived. Another pathway in the brain
ascertains that the pain sensation will be suppressed or damp-
ened. The connection between the thalamus and brain cortex
takes place through a bundle of neuronic “wires” called axons.
The efficacy of this connecting system may be increased and its
capacity to relay the pain signal may be amplified. Thus, even
minor signals from the nociceptors are perceived more intense-
ly. Also the dampening pathway may be less efficient (“disinhi-
bition”), enhancing pain perception by the frontal brain cortex
[5]. Optimal function of the cerebral neurones requires sup-
port, protection and nutrition from the microglial cells. There
is strong evidence that the activity of these cells is disturbed in
patients with ME/CFS due to infectious, inflammatory, immu-
nological or metabolic causes [7]. This could result in cognitive
impairment, problems with memory and concentration, as well
as the so-called “brain fog”. These phenomena are enhanced
by the increased concentration of lactate in the cerebrospinal
fluid, due to the excessive anaerobic glucose metabolism.

Intake procedure of a new patient

The first step of intake procedure of a new patient includes
in depth history taking of the personal and family precedents,
as well as the symptoms at the level of different systems [8].
Patient should give details about the circumstances or events
which have occurred at the start of their disease, or which
caused exacerbation of signs and symptoms. A family history
of disease, such as diabetes, autoimmune disease, psychiatric
disorders, etc. are relevant.

Much attention should be given to the exact description
and severity of the most disturbing signs and symptoms, and
their influence on the professional, social, educative and per-
sonal life. | find the nine items questionnaire “Fatigue Sever-
ity Score” (FSS), [9] very useful for this purpose. Next a general
propaedeutic examination should take place, with special atten-
tion to swelling of lymph nodes, “trigger points”, and any sings
of autoimmune disease (such as psoriasis, Sjogren syndrome,
vitiligo, alopecia, axial ankylosing spondylitis, multiple sclerosis,
systemic lupus, etc.). Blood and urine analysis should include
routine biological tests of all organs [10], and additional tests
must assess endocrine, metabolic, inflammation and immuno-
logic variables. Even relatively minor, and seemingly irrelevant
abnormalities should be explored in detail, since they may have
a major impact and must be treated appropriately.

www.jcimcr.org

Page 2

J/



Insulin resistance is revealed by an elevated concentration
the haemoglobin Alc in blood. With that, the measurement of
C-peptide and insulin in blood, taken 2 to 4 hours after a meal,
is recommended [11]. Immunologic screening test include both
lymphocyte cluster differentiation, as well as the measurement
of Anti Nuclear Antibodies (ANA), immunoglobulins (M, A and
G) and serum complement concentrations. It may be relevant to
assess the specific IgM and 1gG concentration against Epstein-
Barr virus, herpes 6 and 7, and Borrelia. Routine Inflammatory
markers are blood sedimentation rate, C-Reactive Protein (CRP)
and alfa2 globulin concentrations.

Additional imaging examinations as well as e.g. neurologic
test may be indicated. | find the non-invasive NeuroSpect scan
highly relevant, since it typically reveals decreased blood supply
to the supra optic frontal region, and to the nerve centres of
the brain stem [12,13]. NeuroSpect may also detect abnormal
blood supply to the limbic system suggesting emotional disfunc-
tion, or even psychiatric disease. Preferentially, it is combined
with CT scan or NMR of the brain.

Treatment

There is no treatment that fits all, since a large number of
factors and pathogenic steps interfere and these are different
among patients. Treating the cause of the disease is often im-
possible, as the initial causal event is situated in the past. These
may have occurred many years before, and may have initiat-
ed the fatigue disease that has become permanent, perhaps
through epigenetic or sometimes anatomical changes. In excep-
tional cases there may be an ongoing active infection. The lat-
ter may be the case of long-COVID, where residual (fragments
of) Coronavirus are sometimes found, and also in Herpes 6/7
(Cytomegaly) infection [14], or Ebstein-Barr virus persistence.
Appropriate, sometimes long-term anti-viral medication may be
successful in some of these cases. Furthermore, any co-mor-
bidity needs to be treated lege artis, in collaboration with the
designated specialist.

The second best approach will attempt to correct the mech-
anisms by which the signs and symptoms of ME/CFS are pro-
voked. Hereby it is mandatory to focus on metabolic dysfunc-
tion, immunologic factors, inflammation, oxidative overload,
abnormal blood supply, mental impairment, and other aspects.

Oral therapy

The activity of Pyruvate dehydrogenase (Pdh) can be in-
creased through inhibiting the Pyruvate Dehydrogenase Kinase
(PDK) by means of sodium Dichloroacetate (DCA) [15]. This mol-
ecule is derived from of acetic acid, to which two chlorine atoms
have been introduced. It is the natural constituent of red algae
(Rhodophyseae), and is is manufactured chemically as sodium-
salt in pure form by differents laboratories . As long as the daily
dose does not exceed 12.5 mg/Kg body weight, this substance
is not toxic. In the food supplement that | prescribe, 400 mg
of DCA is combined with 100 mg of Vitamin B1 (Thiamine), 50
mg of Alfa-lipoic acid, and 25 mg of oxidoreductase Ubiquinol
Q10. These ingredients are entered into vegetarian capsules, of
which patients must take one per day.

Based on the result of the Fatigue Severity Score, it is possi-
ble to predict rather accurately (AUC: 0,92) which patients will,
or will not respond favourably to DCA treatment [16].

Meldonium is a pharmaceutical that has been developed by
Prof Kalvins I, Latvia (1970) and manufactured by the Grindeks

company as Mildronate®. Meldonium inhibits the bio-synthesis
of |-carnitine [17]. By reducing I-carnitine the fatty acid trans-
portation into the cellular mitochondria is diminished. Glu-
cose-pyruvate metabolism via the Kreb’s cycle thus takes pre-
dominance in the competition with fatty acids, resulting in the
increased production of Adenosine Triphosphate (ATP), so more
energy. Because the aerobic glucose production is facilitated,
the anaerobic metabolism (and through the Cori cycle) dimin-
ishes, and so does the production of lactate during exercise and
brain activity.

More recently Low Dose Naltrexone (LDN), of only 4,5 mg
per day, has been introduced for the treatment of patients suf-
fering from fibromyalgia and CFS [18]. Its mechanism of action
is only partly elucidated, and seems to be by improving (micro)
glial cell function. Glial cells provide physical and chemical sup-
port to neurons and maintain their optimal environment. They
exert a nutritional function, suppress infection, and sustain im-
munologic resistance. Patients taking Naltrexone LDN enjoy
greater wellbeing, less fatigue, improved mood, and less pain.

QALY® (Jonapharma, Elversele, Belgium) is a nutraceutical
containing minerals, plant extracts, vitamins, the biomass of
Haematococcus pluvialis, and oil of arctic krill [19,20]. These
exert antioxidant, anti inflammatory and adaptogenic activi-
ties, making this composite natural food supplement particu-
larly suitable for ME/CFS patients. Its main components are
described below.

The natural extract of the Mediterranean pine tree is rich
in anthocyanidins that exert a strong anti-inflammatory as well
as anti-oxidant activity. It also reduces auto-immune reactivity.
Its therapeutic and protective potentials have been objectively
documented [21]. It reduces muscular and articular pain, de-
crease the blood concentration of mediators of inflammation
(such as CRP), and increases the redox capacity.

The extract of Rhodiola rosea extract belongs to the group of
substances called an “adaptogens” [22]. These agents interact
with the biological stress response by mitigating the hypothal-
amo-pituitary-adrenal (HPA) reaction, and by augmenting the
concentration of Heat Shock Protein (HSP) that reduces the ef-
fects of stress on protein folding. This phytotherapeutical adap-
togen reduces the deleterious effects of all levels of stress on
both mental and the physical health.

QALY® also contains the readily absorbable form of two es-
sential minerals, namely the bisglycinate of zinc and seleniome-
thionine.

When taken together with vitamin B6, Zinc (bisglycinate)
plays an important role in the conversion of the essential
omega-3 short-chain fatty acids, such as alpha linolenic acid,
into long-chain polyunsaturated fatty acids (PUFA), in par-
ticular eicosapentaenoic acid (EPA) and docosahexaenoic acid
or cervonic acid (DHA). Zinc and vitamin B6 are necessary for
the elongase and desaturase processes that are needed in this
conversion The anti-inflammatory properties of these PUFA’s
have been demonstrated [23], amongst others in patients with
rheumatoid arthritis and similar conditions. Zinc is also recom-
mended for DNA stability, protecting against mutations, and it is
an essential mineral in many enzymatic processes required for
cellular metabolism.

Selenomethionine has a strong antioxidant effect, protecting
against oxidative damage to DNA. It is a co-factor of glutathi-
one peroxidase, that is the most potent detoxifying agent in the
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Figure 1: In this dot and whisker plot the quotient is represented of FSS after treatment
divided by FSS before treatment (FSSafter/FSSbefore, on the vertical axis). Each dot
represents one patient. Values lower than 1 indicate that the Fatigue Severity Score after
treatment was lower than that before treatment. The box represents the median with
25% and 75 percentiles. The whiskers indicate the 5™ and 95 percentiles of cases. The
panel on the left includes patients who have been treated with Meldonium plus sodium-
dichloroacetate, the panel on the right represents patients who were treated by infusions
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human body. When given in combination with the oxidoreduc-
tase ubiquinol Q10, Selenomethionine reduces cardiovascular
mortality by 40%. Selenomethionine has been proven to boost
the immune response and to reduce inflammation in response
to viral infections. Since suboptimal selenium concentration in
blood is associated with mental dysfunction that is commonly
found in ME/CFS patients, supplementation is recommended
[24].

Oxidative overload results from inflammation or infectious
conditions. Reactive oxygen species are also produced during
the Cori- and the Krebs cycles of the anaerobic and the aerobic
metabolism of glucose, lactate and fatty acids. Oxidative stress
has deleterious effects on all organ functions by converting the
fatty acid composition of the cellular membrane from Poly Un-
saturated Acids (PUFA) to saturated acids, reducing membrane
fluidity, the three dimensional structure of receptors, and pump
functions. Several antioxidants address different aspects of oxi-
dative stress.

Astaxanthin is a carotenoid that does not display the toxic
and teratogenic side effects of (high-dose) Vitamin A. It is strong
antioxidant which is abundantly present in the biomass of the
microscopic Haematococcus pluvialis. Astaxanthin has multiple
beneficial effects by stabilizing the fatty acid composition of cell
membrane. It prevents the nucleotides (in particular Guanine)
of DNA from being converted to their oxidized form (e.g. 8hy-
droxy-2-deoxyguanosine), which displays teratogenic potential.
Astaxanthin supplementation was found to ameliorate fatigue
and mental function in ME/CFS patients [25].

The oxidoreductase ubiquinone Q10 plays an important role
in maintaining optimal mitochondrial function and energy pro-
duction of Adenosine Triphosphate (ATP). Q10 absorbs reactive
oxygen species produced during glucose metabolism [24]. It
promotes muscle function, and is necessary for the proper con-
traction of the heart.

The combination of vitamins B9 with B12 reduces the con-
centration of homocysteine in the blood. A elevated homocyste-
ine level accelerates brain shrinkage, which has been observed
is patients with ME/CFS. These vitamins can help to prevent the
memory loss and deficient cognitive function that are often oc-
curring after viral infection, such as typically recorded in “long
Covid” patients. In patients with ME/CFS and fibromyalgia the
food supplementation with these vitamins was found to signifi-

cantly reduce pain [26].
Infusion therapy

Infusion therapy is proposed during the initial phase of treat-
ment of ME/CFS patients. Thereby intravenous infusion of phys-
iological salt solution is administered slowly over a time span
of one to two hours. | use an adaptation of “Meyers’” cocktail
[27,28]. The infusion fluid contains Magnesium sulphate, usu-
ally in a dose of 2 grams, together with a complete panoply of
vitamins (such as in Cernevit®, Baxter SA, Lessines, Belgium),
and glutathione. These infusions are given every fortnight, of-
ten together with oral treatment. Intervals between infusions
are extended when patients start to feel better. It can be inten-
sified as soon as fatigue becomes more prominent again, such
as after a (viral) infection or a period of stress.

Outcome of therapy

Based on experience and follow-up of approximately 150
patients, of which 130 subsequent cases were statistically ana-
lysed with the Fatigue Severity Score (FSS) questionnaire, more
than 80% reported improvement of their condition. In the Neu-
roSpect investigation, a significant enhancement of blood sup-
ply was objectivated in both the prefrontal supraorbital region,
and in the nerve centres of the brain stem [29]. Based on the
subclasses of the FSS questionnaire, it was possible to predict
rather accurately which patients will, or will not favourably re-
spond to the oral therapy.

The degree of improvement was, however, remarkably dif-
ferent among patients, varying from moderate to impressive
(Figure 1) [30]. The response was independent from the pre-
treatment status. It can be seen that the degree of improve-
ment was similar in the group of patients treated by oral thera-
py, as compared to those treated by infusions. However, a larger
proportion of patients continued oral therapy.

Therapeutic results were maintained during follow-up of
many months to years, and most patients could resume their
familial and/or professional activities, albeit usually only on a
part-time basis.

None of the patients reported significant side effects. Vital
variables and biology remained unaffected, except for the im-
munological parameter Anti-Nuclear-Antibodies (ANA), the ti-
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tre of which decreased in some of them.
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