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ABSTRACT
Kindling might represent a heuristic model for understanding the etiology of Myalgic Encephalomyelitis/chronic fatigue
syndrome (ME/CFS). Kindling occurs when an organism is exposed repeatedly to an initially sub-threshold stimulus resulting in hypersensitivity and spontaneous seizure-like activity. Among patients with ME/CFS, chronically repeated
low-intensity stimulation due to an infectious illness might cause kindling of the limbic-hypothalamic-pituitary axis.
Kindling might also occur by high-intensity stimulation (e.g., brain trauma) of the limbic-hypothalamic-pituitary axis.
Once this system is charged or kindled, it can sustain a high level of arousal with little or no external stimulus and
eventually this could lead to hypocortisolism. Seizure activity may spread to adjacent structures of the limbichypothalamic-pituitary axis in the brain, which might be responsible for the varied symptoms that occur among patients
with ME/CFS. In addition, kindling may also be responsible for high levels of oxidative stress, which has been found in
patients with ME/CFS.
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1. Introduction
The kindling theory posits that repeated exposure to an
initially sub-threshold stimulus can eventually exceed
threshold limits, resulting in persistent hypersensitivity to
the stimulus and ultimately, spontaneous seizure-like activity. This hypothesis asserts that induced seizures may
increase the likelihood that more seizures will occur,
since repeated stimulation lowers the threshold for more
seizures to occur spontaneously after repetitive subthreshold stimuli. For example, if rats have their brains
electrically or chemically stimulated over a period of
weeks at a very low intensity that is known to be subthreshold for eliciting seizure activity, many of the rats
will eventually experience epileptic convulsions [1]. Patients with Myalgic Encephalomyelitis/chronic fatigue
syndrome (ME/CFS) often report onset of this illness after exposure to a viral infection. New retroviruses such
as the xenotropic murine leukemia virus related virus and
polytropic murine leukemia viruses have recently been
found among some patients with ME/CFS [2,3]. Broderick et al. (2010) applied network analysis to cytokines
in patients with ME/CFS and healthy controls, and outcomes were consistent with a latent viral infection (i.e.,
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attenuated Th1 and Th17 immune responses, an established Th2 inflammatory milieu, diminished NK cell responsiveness) [4]. Viruses increase activation of macrophages, a primary immune response, which produce a
release of interleukin-1beta (IL-1β), a pro-inflammatory
cytokine, causing an alteration in the electrical activity of
the brain [5]. Chronically repeated low-intensity stimulation due to an infectious illness might cause kindling of
the limbic-hypothalamic-pituitary axis among patients
with ME/CFS. Kindling might also occur by high intensity stimulation (e.g., brain trauma) of the limbic-hypothalamic-pituitary axis.
Kindling involves after-discharge of neuronal cell
populations that continue to fire after the initiating stimulation has ceased [6]. The stimulus is followed by a
growing EEG 3Hz spiking, which increases and decreases in amplitude many times, something that does
not occur in a brain functioning normally. This seizure
activity often spreads to adjacent structures in the brain.
Once this system is charged, it can sustain a high level of
arousal with little or no external stimulus. Excessive arousal can lead to an increase in the dendrites of the limbic
system, with an increase in excitatory postsynaptic receptors and a decrease in inhibitory presynaptic receptors.
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Figure 1. Model for ME/CFS

Arnsten (2009) has found that dendrites in the prefrontal
cortex change after only one week of stress, and dendrites in the amygdala expand in response to chronic
stress exposure [7]. This can result in excitatory neurotoxicity, or the death of nerve cells due to very high levels of glutamate [8].
Brouwer and Packer (1994) indicated that people with
ME/CFS might have “unstable cortical excitability associated with sustained muscle activity resulting in varied
magnitudes of descending volleys” [9]. There is evidence
of changes in ion transport and ion channel activity
among patients with ME/CFS [10]. This kindling might
also be what is responsible for high levels of oxidative
stress in patients with ME/CFS due to the dysfunction of
ion channels in conjunction with ion transport [11,12].
Recently, Jason, Jessen, et al. (2009) developed a
scale to measure the duration, severity and frequency of
different fatigue-related sensations and symptoms. When
factor analyzed, several fatigue factors emerged for individuals with ME/CFS. One factor was considered an
over stimulation of the mind or body without the available energy to act out the mental or physiological excited
state. This symptom, which could be a manifestation of
kindling, was found among patients with ME/CFS but
not among healthy individuals [13]. In addition, kindling
could also be implicated in several other core symptoms
of ME/CFS [14]. Figure 1 presents a model of predisposing and precipitating factors that have been implicated in the onset of ME/CFS as well as how kindling
might be part of other factors that will be reviewed below.

2. Neuroendocrine, Autonomic and Immune
Consequences of Kindling
Kuratsune and Watanabe (2007) believe that brain dysfunction among patients with ME/CFS is caused by abnormal production of cytokines, proteins expressed by
white blood cells that promote the development of T-cells,
Copyright © 2011 SciRes.
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B-cells, and Hematopoietic cells. They suggest this abnormal production may be due to reactivation of various
herpes viral infections and/or chronic mycoplasma infection. Within seconds of exposure to these types of stressors, corticotropin-releasing hormone (CRH), located in
the peptidergic neurons in the paraventricular hypothalamic nucleus, is released from nerve terminals to influence hormonal secretion from ACTH in the pituitary and
glucocorticoid secretions in the adrenal glands. Infections could cause the sub-threshold kindling effects that
eventually increase levels of CRH [15]. CRH induces
neuronal excitability, which can lead to epileptic output,
or seizure activity [16]. Fevers and trauma can activate
CRH receptors in the hippocampus and amygdala to induce seizures in both children and rats. CRH increases
the frequency of spontaneous excitatory postsynaptic
currents by 252% [16]. Because of this, there is thought
to be a reciprocal relationship as limbic seizure kindling
results in increased levels of CRH in the hippocampus as
well [17]. Once the kindling has occurred, the CRH
might play a less critical role in maintaining the kindling,
and after time, CRH levels may become depleted.
Thus, kindling could contribute to dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis. Adults with
ME/CFS tend to display lower levels of cortisol (hypocortisolism), the main signaling hormone of the HPA
axis [18]. Others have found a lack of responsiveness on
the part of the HPA axis to challenge [19], a pattern of
glucocorticoid resistance [20], and a disruption or dysregulation of the expected diurnal cortisol pattern [21].
These findings have led several investigators to conclude
that fatigue in ME/CFS is partially the result of hypocortisolism [22].
Cortisol serves as the main signaling hormone of the
HPA axis. This glucocorticoid can suppress or induce the
transcription of other substances that serve to signal aspects of the immune system. In turn, the release of select
cytokines can further influence the amount of cortisol
from the HPA axis [23]. Sorenson et al. (2011) have
found increased expression of pro-inflammatory cytokine
IL-8 in fatigued patients, which in turn suppresses the
expression of cortisol [24]. Cortisol is also influenced by
dehydroepiandrosterone (DHEA), an endogenous hormone that has been implicated in the pathogenic process
of fatigue [18]. Cleare, Keane and Miell (2004) found
individuals with ME/CFS have demonstrated higher levels of DHEA than controls matched for age, gender,
weight, body mass index and menstrual history [25].
There is a close link between oxidative stress and decreased glucocorticoid sensitivity [26], and elevated
markers of oxidative stress are reported in patients with
ME/CFS [11]. The mechanism by which this occurs
might involve histone deacetylases (HDACs), a group of
NM
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enzymes that inhibit gene regulation through removal of
acetyl groups [27]. HDACs inhibit the process of DNA
unwinding initiated by histone acetyltransferase. Histone
hypoacetylation is associated with high levels of free
radicals, whereas hyperacetylation is observed with weak
oxidative stress [28]. A higher level of HDAC activity in
this population leading to hypoacteylation, in conjunction with a loss of overall antioxidative power, would
indicate there is an apparent dysregulation of select gene
expression. The expression of genes encoding antioxidative and Phase II detoxification enzymes is regulated at
the transcriptional level and is mediated by a specific enhancer, the antioxidant response element (ARE), found
in the promoter region of the antioxidant enzyme genes.
The transcription factor Nrf2 is implicated as the central
protein that interacts with the ARE to activate gene transcription. In that regard, HDACs need to be inhibited to
allow for the recruitment of Nrf2 and its co-activators to
fully activate gene expression of ARE. As HDACs have
been indicated to positively regulate pro-inflammatory
gene expression [29], this could account for the increased
expression of IL-8 that, in turn, suppresses the expression of cortisol [24]. This dysregulation of gene expression could also account for divergent immune cell class
findings in those with fatigue, possibly through influence
on coactivator proteins leading to differential cytokine/chemokine expression. Jason, Sorenson et al. (2011)
recently found among an elderly sample with ME/CFS
increased histone deacetylases activity, lower total antioxidant power, in the context of decreased plasma cortisol and increased plasma dehydroepiandrosterone concomitant with decreased expression of the encoding gene
for the glucocorticoid receptor. Therefore, it is possible
that increased HDAC activity may in turn contribute to a
chronic pro-inflammatory state that may result in the expression of fatigue [30].
Variance in the expression of genes associated with
HPA axis function was related with ME/CFS across several studies with adult populations [31,32]. A genetic
study by Rajeevan et al. (2006) also implicated cortisol
regulatory mechanisms in ME/CFS, finding that single
nucleotide polymorphisms in the glucocorticoid receptor
(GR) gene were associated with increased risk for
ME/CFS [33]. Previous work has found variance in the
expression of GR (NR3C1) in individuals with ME/CFS
when compared to controls [34]. Those with ME/CFS
may have decreased sensitivity to the effects of cortisol
due to a down-regulation of GR [20]. In a pediatric
ME/CFS sample, Jason et al. (2010) found hypocortisolism and the down-regulated expression of NR3C1
(the encoding gene for the glucocorticoid receptor
expression GR), NFKB1, and NFKB2 [35]. It is possible
that epigenetic alterations in expression of NR3C1 leads
Copyright © 2011 SciRes.

to an inflammatory immunologic profile, which further
suppresses cortisol levels through a process of feedback
through bidirectional pathways. The reduced expression
of the gene for the glucocorticoid receptor expression
provides evidence for dysfunction of the HPA axis in
those with CFS.1
The classic COX inhibitors such as aspirin, which inhibit the formation of prostanoids, may contribute to several dysfunctions observed in patients with ME/CFS, including inflammation, immunity, signaling molecules
created by oxidation, central nervous system dysfunction,
and even a dysregulation in sex hormones [36]. This, in
turn, may work in conjunction with the oxidative stress
observed in patients with ME/CFS. Also, because the
COX enzyme is associated with glucocorticoid activity,
this may provide an explanation for the hypoactivity of
cortisol, something that is also exhibited in persons with
ME/CFS.
Kindling might cause sympathetic nervous system hyperactivity, which may ultimately result in decreased
levels of both serum cortisol and acetylcholine, which is
a primary neurotransmitter of the parasympathetic nervous
system and is widely distributed throughout the brain and
spinal cord [37]. Chaudhuri, Majeed, Dinan, and Behan
(1997) believe that ME/CFS entails a depletion of acetylcholine and increased sensitivity of the postsynaptic
acetylcholine receptors [38]. Chronic cortisol deficiency
can cause an over production of pro-inflammatory cytokine interleukin-6 (Il-6), which has been associated with
symptoms of ME/CFS [39]. Lower cortisol [40] as well
as an overactive sympathetic nervous system could be
responsible for the findings of ejection fraction decreases
(fraction of blood pumped out of the ventricles per heartbeat) and lower cardiac output among patients with
ME/CFS [41].
Exposure to chronic stressors could eventually lead to
hypocortisolism, and glucocorticoids do have an inhibitory effect on serotonin function. Among ME/CFS patients, Cleare et al. (1995) have found hypocortisolism
along with increased serotonin neurotransmitter function
[42]. Vassallo et al. (2001) found evidence of elevated
activity of presynaptic serotonin neurons, which could be
an area affected by kindling [43]. The serotonin hypothesis links fatigue to increases in serotonin synthesis
1

Other studies, however, have found either equivalent or increased expression of GR in hypocortisolic conditions such as ME/CFS [108,109]
The Gupta et al. article, however, is a mathematical theoretical construct that compared the developed model to a standard cortisol curve.
It did not utilize a disease population [108]. The Visser et al. article incubated cells for a far longer duration than Jason et al., and it appears
that they had stimulated the cell population through the use of a phorbol ester. Jason et al. used unstimulated cells at 48 hours, versus the 96
hours of incubation used by Visser. Visser et al. also incubated cells in
the presence of two differing glucocorticoids in order to determine response. They apparently did not use an untreated control [109].
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and elevations of activities of serotonergic neurons.
Serotonin, a neurotransmitter derived from the amino
acid tryptophan, plays a role in mood, body temperature,
physical coordination, appetite and sleep. Serotonin
helps keep moods under control by calming anxiety, relieving depression, and helping with sleep. Low serotonin levels are linked with depression and insomnia, and
sleep can sometimes be restored when levels of serotonin
are brought up to normal [44]. The area of the brain that
mediates deep sleep is called the raphe nuclei, and this
area contains nerve cells that use serotonin to communicate with each other. Shepherd (1988) found that cats are
unable to sleep when this area of the brain is destroyed,
and a drug that blocks serotonin synthesis produces insomnia [45]. In contrast to depression, studies have
found that patients with ME/CFS have abnormally high
level of brain serotonin, and this may contribute to the
persistent central fatigue [46]. One pilot study found that
medications that block serotonin (5-HT3) receptors were
followed by at least a 35% improvement in about onethird of patients [47].
Still, there may be subtypes of ME/CFS patients. One
study found decreased brain serotonin levels in patients
with ME/CFS [48]. Yamamoto et al. (2004) using PET,
found that the density of 5-HTT (the serotonin transporter involved in the reuptake of serotonin from the
synaptic cleft immediately after its release) of the rostral
subdivision of the anterior cingulate cortex was significantly reduced in patients with ME/CFS. These findings
suggest that an alteration in the serotonergic neurons in
the anterior cingulate cortex, specifically a depletion of
serotonin, might play a role in the pathophysiology of
ME/CFS [49]. There are at least seven receptor subtypes
(5-HT1A, 5-HT1B, 5-HT1C, 5-HT1D, 5-HT2, 5-HT3, 5HT4) in the brain, and direct-acting agonists and antagonists can have selective affinity for specific receptor subtypes [50]. Cleare, Messa, Rabiner, and Grasby (2005),
for example, found widespread reduction in 5-HT1A receptor binding potential, and this was particularly marked in the hippocampus bilaterally, where a 23% reduction was observed [51]. In a related area, in one of the
major genes of the serotonergic neurotransmission system (serotonin receptor 2A, HTR2A), Falkenberg, Gurbaxani, Unger and Rajeevan (2010) found that HTR2A is
up-regulated in patients with ME/CFS [52].
Stressors and viruses can together and separately cause
the serotonin and dopamine systems to become activated
in the central nervous system [53]. If stressors occur for
weeks or months, glucocorticoid, norepinephrine, and
epinephrine levels suppress the immune system and the
TH1 (pro-inflammatory) immune response, with a shift
to a TH2 (anti-inflammatory) immune response [54]. Because of the TH2 shift, the body would not have an efCopyright © 2011 SciRes.
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fective defense against viral or intracellular bacterial infections. Eventually, the HPA axis might switch from
hyper- to hypo-functioning [55]. However, when the
HPA axis is down-regulated, there would still not be an
effective TH1 response to attack the viral infection; now
the immune system may cause inflammation, explaining
elevated antinuclear antibodies, antibodies that react
against components of the cellular nucleus [56].
Of course, there are many other factors that could be
affected by kindling and ultimately cause severe fatigue.
For example, increases in transforming growth factor- β
(TGF-β) have been observed during infection and stress
in rats [57]. The increase in TGF-β inhibits the production of DHEA-S, which is related to the dysmetabolism
of acetyl-L-carnitine, leading to deterioration of biosynthesis of glutamate in the anterior cingulum. In addition,
the effort of going from home to the hospital actually
increases TGF-beta levels [58].
Others have proposed alternative explanations for the
pathophysiology found in ME/CFS. For example, Baraniuk et al. (2005) identified proteins that predicted ME/
CFS status with 80% concordance (i.e., alpha-1-macroglobulin, amyloid precursor-like protein 1, keratin 16,
orosomucoid 2 and pigment epithelium-derived factor).
Baraniuk et al. suggested that patients with ME/CFS had
unusual proteins in cerebral spinal fluid, and the aggregation of these abnormal proteins, also known as amyloids,
could cause small amounts of bleeding in the brain.
Amyloid proteins are folded improperly as they are being
made, and because these proteins are not doing the activities they are designed to do, vital processes might be
neglected. Baraniuk et al. postulate that ME/CFS symptoms could be caused by these abnormally folded proteins causing small punctures in the blood vessels and
then small amounts of blood leak into the brain. Other
proteins suggest a protease—antiprotease imbalance, increased free radical production, vasoconstriction of the
blood vessels, inflammation, and altered rates of cell suicide. Baraniuk et al. suggest that inflammation, hemorrhagic elements, increased cell death, and free radical
production could be by-products of damage of abnormally folded proteins impeding blood flow and ultimately puncturing blood vessels in the brain [59]. Patients with ME/CFS might produce more of these proteins than healthy individuals, and their bodies might not
be able to metabolize them, resulting in excessive concentrations of these damaged proteins. In addition, Baraniuk et al. believe that patients with ME/CFS have a
longer rather than shorter version of the gene CNDP1
(carnosine dipeptidase). The longer version of this gene
impairs the ability of the brain to protect itself from free
radicals. CNDP1 degrades carnosine, which is a free
radical scavenger and increases corticosterone levels [59].
NM
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Therefore, low carnosine levels could contribute to increased oxidative stress. This genetic susceptibility may
cause increased viral severity and duration, which in
combination with a previous neurotropic viral infection
such as Herpes viruses, EBV, XMRV, or HIV, could
lead to the results found in kindling studies.

3. Targets of Kindling in the Brain
Baraniuk et al. (2005) believes that neural circuits running from the spinal cord to the brainstem are not working properly [59]. In patients with ME/CFS, gates are not
filtering out unnecessary information, and the most critical neural circuit, the Papez Circuit, which ties together
the anterior cingulate, amygdala and hippocampus, is associated with heightened awareness [60]. The drug
Klonopin often helps patients with ME/CFS because it
slows down the over activity of the brain by increasing
production of GABA, a central nervous system inhibitory neurotransmitter, thereby reducing the ‘set point’ at
which it’s neurons are activated.
de Lange et al. (2005) observed significant reductions
in grey matter volume in patients with ME/CFS, and this
might be due to oxidative stress caused by kindling
[61,62]. Biswal, Kunwar, and Natelson (2010) found significant cerebral blood flow reductions in patients with
ME/CFS in nearly every region of the brain assessed [63].
It is critical to attempt to identify where damage has occurred. Magnetic resonance (MR) studies of encephalopathy and encephalomyelitis associated with acute Epstein-Barr Virus (EBV) infection have found T2 prolongation over gray and white matter, brain atrophy, and
periventricular leukomalacia [64]. A MR study examining a pediatric population of patients suffering from
chronic EBV infection has shown evidence for the presence of lesions in the hippocampal region [65].
Areas of the prefrontal cortex and anterior cingulate
influence the amygdala [66], and kindling in these areas
and others could cause continuous sympathetic stimulation that would eventually lead to mental and physical
exhaustion as well as glandular depletion. Administration
of CRH in rats produces seizures in the amygdala and
epileptiform discharges in the hippocampus, but the earliest CRH induced epileptiform discharges are produced
in the amydgala and propagate to the hippocampus [16].
Another provocative finding is that following injury, the
dorsal root ganglion cells are in a state of neuropathic
pain, and glia prolong this state of neuronal hypersensitization by releasing substances that act on the immune
system [67].
Johnson and DeLuca (2005) concluded that functional
neuroimaging studies among patients with ME/CFS generally show hypometabolism in the frontal lobes and
Copyright © 2011 SciRes.

ganglia [22]. Neary et al. (2008) tested whether patients
with ME/CFS have reduced oxygen delivery to the brain
during and exercise challenge. They found that in addition to significant exercise intolerance, patients in comparison to controls evidenced reduced prefrontal oxygenation, suggesting altered cerebral oxygenation and
blood volume in the brain [68]. Clearly, both kindling
and oxidative stress could be implicated in these findings.
Abnormal findings in different regions of the brain may
be due to kindling that occurs in a secondary manner,
separate from the initial kindling. These secondary sites
could then affect different parts of the brain.
When imagining fatigue-provoking events, larger observed activity was found using fMRI in the medial parietal cortex and precuneus in patients with ME/CFS
compared with healthy controls [69]. In addition, Caseras
et al. also found lower cerebral activity in the dorsolateral prefrontal cortex, an area where grey matter reductions have been found among patients with ME/CFS
[69,70]. Interestingly, de Lange et al. (2008) found that
cognitive behavioral therapy could partly reverse the
grey matter volume reduction in the lateral prefrontal
cortex [71].
Billiot, Budzynski, and Andrasik (1997) found increased microvolt levels in lower frequencies (5-7 Hz)
among patients with ME/CFS, and excess theta waves
could be related to cognitive problems (delta waves occurs from 0 to 4 Hz, theta from 4 to 8 Hz, alpha from 8 to
13 Hz and beta from 13 to 21 Hz) [72]. Research using
low-resolution electromagnetic brain tomography by
Sherlin et al. (2006) has found that twins with ME/CFS
compared to their healthy co-twins had higher delta
waves in the left uncus and parahippocampal gyrus and
higher theta waves in the cingulate gyrus and right superior frontal gyrus [73]. It appears that the slowing of the
deeper structures of the limbic system is associated with
affect. Flor-Henry, Lind, and Koles (2009) were able to
successfully differentiate ME/CFS from controls in 83%
of cases using the alpha band during a verbal cognitive
condition. Significantly greater source-current activity
was found in the left frontal-temporal-parietal regions of
the cortex among the patients with ME/CFS [74].
Using quantified EEG (qEEG) data, Donati, Fagioli,
Komaroff, and Duffy (1994) found spike waves for 44%
of the patients with ME/CFS compared to only 1.3% of
all others (i.e., patients with depression who were medicated, patients with depression who were not medicated,
as well as healthy controls) [75]. Spikes were most
common in the temporal regions, which contains the hippocampus. Those in the ME/CFS group also had significantly more sharp waves, more frequent high amplitude
alpha, and more frequent bursts of theta waves in the
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posterior regions. In the patients with ME/CFS, abnormalities were observed that involved high amplitude
sharp alpha rhythm (10 Hz) that occurs in the occipital
lobes upon closing the eyes. Also, discharges of the type
one associates with epilepsy were seen in the temporal
lobes. These are typically found after head injury and extreme sleep deprivation [75]. Temporal lobes have a
predilection for infection by the herpes virus in acute
herpes encephalopathy and encephalitis; therefore, the
findings might be related to post-viral mild encephalopathy affecting primarily the temporal lobes, which could
cause the self-reported memory and attention problems.
In a later study, Duffy et al. (2009) found that factors derived from the EEG data were able to discriminate with
nearly 90% accuracy patients with ME/CFS from healthy
controls and from those with major depression [76].
Patients with ME/CFS and FM have a propensity toward light sleep (stages 1 and 2) and lack of deep sleep
(stage 3), and during sleep there are findings of alpha or
awake-like brain waves. Kishi et al. (2010) found that a
sleep disruption specific to ME/CFS was a significantly
enhanced probability of transition from REM sleep to
waking [77]. They also found that those with ME/CFS
and FM had greater probabilities of transitioning from
waking, REM sleep and Stage 1 to Stage 2, and those
from slow-wave sleep to Stage 1 [77]. Using a multiple
sleep latency test (MSLT), in which patients are given
the opportunity to fall asleep during five 20-minute nap
periods, Spitzer and Broadman (2010) found that 80% of
FM and ME/CFS patients fell asleep in under 8 minutes,
which is an indication of excessive daytime sleepiness
[78]. In addition, an immunological marker DQB1*0602
that is present in about half of people with narcolepsy,
was present in 43% of patients, which is five times
higher than in healthy people. People with narcolepsy
sleep poorly at night and have excessive daytime sleepiness [78]. Spitzer and Broadman believe that patients
with ME/CFS and FM have a lesion in the ventral-lateral
preoptic nucleus of hypothalamus, which is critical to
initiating and maintaining sleep. Sodium oxybate (Xyrem)
has been used for narcolepsy, as it greatly enhances deep
level sleep, and Spitzer and Broadman report that 59% of
ME/CFS and FM patients who tried this medication reported substantial relief of pain, and 75% had significant
reduction of fatigue [78]. Moldofsky, Inhaber, Guinta,
and Alvarez-Horine (2010) also found improved EEG
sleep physiology and sleep-related FM symptoms after
treatment with Xyrem [79]. Also of interest is that stress
can trigger mast cells, which are heavily populated in the
thalamus (that is located next to the sleep/wake center in
the hypothalamus), to release the stimulant histamine.
Excessive mast cells and their release of stimulants could
Copyright © 2011 SciRes.
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be one of the reasons that sleep is interrupted in patients
with ME/CFS and FM. Mast cells act as an immunologic
defense against external pathogens, and they are five to
14 fold increases of these cells in the top layer of the skin
in 100% of FM patients [80]. Kindling might impact
mast cells and the release of histamine in the thalamus,
resulting in disrupted sleep patterns among patients with
ME/CFS.

4. Risk Factors
Because viruses are so prevalent, it is important to understand why some individuals might be resistant, and
others at higher risk for developing kindling and chronic
activation. Hickie et al. (2006) followed up with people
who had cases of mononucleosis (glandular fever), Q fever, and Ross River virus, respectively, who later met the
criteria for ME/CFS [81]. They found that the percentage
who went on to have ME/CFS was the same for the three
infectious diseases (11% at 6 months), suggesting that
the reason these people develop ME/CFS is not associated with the particular pathogen, but rather with their
host response [81].
In animal models, kindling and related seizure activity
is associated with production of pro-inflammatory proteins within the brain [82]. For example, the administration of pro-inflammatory cytokine tumor necrosis
factor alpha (TNF-α) increases seizure activity in animals [83]. TNF-α is a cytokine involved in systemic
inflammation, and it stimulates the release of CRH,
therefore stimulating the HPA axis. Among patients with
ME/CFS, the production of pro-inflammatory cytokines
(IL-1β and IL-6) is correlated with acute sickness behavior (i.e., fever, malaise, pain, fatigue, and poor concentration). As mentioned earlier, prolonged exposure to these
cytokines might induce a state of chronic activation and
kindling [84]. Individuals who have higher levels of
these pro-inflammatory cytokines might be at greater risk
of developing ME/CFS. In support of this proposition,
Voll-mer-Conna et al. (2008) found that severe illness
following an infection was more likely to occur among
individuals with high levels of IFN-γ (a proinflammatory cytokine) and low levels of IL-10 (an antiinflammatory cytokine) [85]. In addition, elevated levels of pro-inflammatory cytokines can lead to increases
in levels of nitric oxide, and this nitric oxide can, in turn,
react with superoxide to form the powerful oxidant peroxynitrite, resulting in oxidative stress. Some investigators, however, have not been able to find increased levels
of nitric oxide in patients with ME/CFS [86].
Two receptors residing on the cell surface membranes
of neurons are GABA (gamma aminobutyric acid),
which inhibits neuronal firing, and NMDA (N-methyl-DNM
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aspartate), which excites neuronal firing. The GABA and
NMDA receptors are normally balanced, but after an injury or viral attack, NMDA fires more rapidly than
GABA, increasing neuronal firing. Minor and Hunter
(2002) have proposed that prolonged exposure to inescapable stressors will eventually deplete GABA, thus reducing an important form of inhibition on excitatory glutamate transmission [87]. Doi, Ueda, Nagatomo, and
Willmore (2009) found that rats with diminished GABA
functioning were more likely to develop kindling [88].
Winkelman et al. (2008) have found that brain GABA
levels were nearly 30% lower in patients with primary
insomnia [89]. Recent findings indicate that glial cells or
astrocytes (glial cells in the spine or brain) produce
adenosine, an inhibitory neurotransmitter that promotes
sleep and suppresses arousal, which appears to be implicated in controlling wake to sleep transitions [90]. High
adenosine levels can even suppress epileptic seizures,
and in rats the adenosine A(2A) receptor (A(2A)R) agonist induces sleep by inhibiting the histaminergic system,
an integral part of the immune system, through increasing GABA release [91]. It is also possible that kindling
could result in low levels of adenosine over time, causing
the development of sleep difficulties, although adenosine
is only one of many substances that promotes sleep [92].
In addition, Glass et al. (2004) found that healthy individuals with certain biological patterns (i.e., lower cortisol, more heart rate variability, and NK attenuated response to stress) developed somatic symptoms when
asked to stop exercising for a week [93]. These might be
some of the other predisposing neuroendocrine and immunologic irregularities of individuals who are at increased risk for developing ME/CFS.
Previous research has found a genetic link to some
seizures [94,95]. For example, Haug et al. found three
heterozygous mutations in ten genes causing distinct
forms of idiopathic epilepsy. The three mutations caused
the following: loss of function of CIC-2 channels, decreased transmembrane chloride gradient needed for inhibition of GABA, and changes in voltage gating which
may cause membrane depolarization and neuronal hyperexcitability, the latter of which is exhibited in patients
with ME/CFS [94]. These genetic mutations may be applicable to the kindling found in patients with ME/CFS
patients. In addition, studies have been performed on
both monozygotic and dizygotic twins to see if there was
a genetic link to seizure activity. Berkovic et al. found
that 94% of monozygotic pairs and 71% of dizygotic
pairs of twins had major epilepsy syndrome in both twins.
The researchers concluded that genetics play a crucial
role in epilepsy [95]. There is a need for research on possible genetic connections between seizures and/or neural
Copyright © 2011 SciRes.

hyperactivity among patients with ME/CFS.

5. Discussion
Neurotropic viral infections could be responsible for the
appearance of lesions in the brain and the presence of focal epileptiform seizure activity. It is possible that kindling could play a major role in the promotion of these
seizures. Reactivation of various herpes viral infections
and/or chronic mycoplasma infection cause abnormal
production of cytokines, which can lead to increases in
levels of CRH. CRH elevates the frequency of spontaneous excitatory postsynaptic currents by 252% [16]. Consequently, CRH receptors in the amygdala may induce
seizures [16], and stressors may even cause dendrites in
the amygdala to expand [7]. The earliest CRH induced
epileptiform discharges in rats are produced in the
amydgala and propagate to the hippocampus [16]. In
some cases, cortical lesions caused by herpes viridae infections fade before MR documentation can take place.
Lesions may then reappear under specific conditions of
environmental stimuli, a process that fits well with the
relapsing and remitting nature of ME/CFS. Within the
brain, areas of the prefrontal cortex and anterior cingulate influence the amygdala [66], and kindling in these
areas could cause continuous sympathetic nervous stimulation that would eventually lead to glandular depletion.
Evidence reviewed above supports a pattern of HPA
axis dysfunction in individuals with ME/CFS. Cortisol
regulates several physiologic states, including the production of immune proteins. In turn, cortisol is influenced
by immune proteins called cytokines. Decreased levels
of salivary cortisol are associated with insomnia, while
the production of select pro-inflammatory cytokines
(TNF-α and IL-6) is associated with excessive daytime
sleepiness [96]. Hypocortisolism is a finding in individuals with ME/CFS, along with research demonstrating increased levels of DHEA [97,98]. There is some evidence
of genetic variance in terms of the glucocorticoid receptor (GR) to which cortisol binds.
It can be hypothesized that COX dysregulation combined with oxidative stress, the dysregulation of the HPA
axis, and interactions with serotonin may cause the TH1
to TH2 immune shift. Dysregulation of the HPA axis [22]
is related to lower levels of cortisol [18]. In addition,
those with ME/CFS may have decreased sensitivity to
the effects of cortisol due to a down-regulation of GR
[20]. Decreased glucocorticoid sensitivity is associated
with oxidative stress [26], and increased markers of oxidative stress are reported in patients with ME/CFS [11].
As HDACs are involved in deacetylation of non-histone
proteins, including various transcription factors, higher
HDAC activity mediated by oxidative stress could adversely affect the binding of GR to DNA, which requires
NM
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an acetylated form of GR.
There are constant interactions between the sympathetic and central nervous systems, the immune system,
and the sensory systems. Kindling could cause the enhancement of peripheral sensory signals, which activate
sympathetic nervous system reflexes. Long-term sensory
receptor activation can lead to sensitization of spinal
cord and brain systems that transmit fatigue signals,
causing long-term fatigue enhancement within the central nervous system [99]. In addition, vascular smooth
muscle adrenergic receptors desensitize due to the constant release of catecholamines [100]. Therefore, this
dysregulation could lead to bouts of increased metabolites that would further activate sensory receptors. Light
et al. (2009) maintain that exercise could send a continuous signal of muscle sensory fatigue to the central sympathetic nervous system causing dysregulation of sympathetic nervous system reflexes, and ultimately producing
the recognition of enhanced fatigue [101]. Light et al.
found patients with ME/CFS demonstrated increases after exercise that reliably exceeded responses of control
subjects in mRNA for genes receptors that can detect
muscle produced metabolites, genes that are essential for
sympathetic nervous system processes, and immune
function genes. About 90% of the ME/CFS patients
could be distinguished from control subjects using just 4
of the genes measured (i.e., P2X4, adrenergic b-1, adrenergic b-2, IL-10). The researchers concluded that ME/
CFS patients might have enhanced sensory signal for fatigue that is increased after exercise [101]. These findings all indicate persistent changes in cell membrane
function, which are compatible with kindling theory that
maintains that excessive arousal can lead to an increase
in the dendrites of the limbic system, with an increase in
excitatory postsynaptic receptors and a decrease in inhibitory presynaptic receptors.
Recently, Jason, Benton, Torres-Harding, and Muldowney (2009) found that the two groups of patients
with ME/CFS had different outcomes on measures of
physical functioning and fatigue severity after participating in a non-pharmacological intervention [102]. In general, those patients who exerted more energy than they
had available did not improve, whereas those patients
who were able to stay within their energy boundaries
made significant improvements over time. These findings suggest that when an individual with ME/CFS
avoids over-exertion, maintaining an optimal level of activity over time, it might be associated with some improvements in physical functioning and fatigue. This
study suggests that being overextended and going beyond energy reserves can be an impediment to improving
functionality and fatigue levels [102]. Kindling is an explanation for what might occur when patients with
Copyright © 2011 SciRes.
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ME/CFS overexert themselves and deplete energy reserves. The kindling hypothesis suggests that once this
system is charged, either by high-intensity stimulation or
by chronically repeated low-intensity stimulation, activities that involve going beyond energy reserves might enhance an already high level of arousal. In a sense, patients with ME/CFS might have this type of cortical excitability that might be due to kindling, and then when
they go beyond their energy reserves, the kindling produces high arousal that has implications for the hypothalamus, the autonomic nervous system, as well as the
immune system. Other approaches might include neurofeedback facilitating thalamocortical inhibitory mechanisms, which has been applied to patients with Fibromyalgia and has resulted in reductions in pain and fatigue [103].
ME/CFS could have a genetic predisposition based on
Baraniuk and colleagues (2005) finding concerning the
CNDP1 gene, which is abnormally long in patients with
ME/CFS [60]. A predisposition to develop seizures could
be associated with CNDP1. There are a number of
documented genetic links to seizures [95,104], the longer
gene could be connected with a predisposition to hyperneural activity. It is at least possible that ME/CFS is a
genetically transmitted disease that may be triggered by
specific environmental cues if these potential coding regions become expressed due to an identical or similar
promoter region. This might be similar to what has been
found in Crohn’s disease, where about one in three people have a mutated gene Atg16L1, and yet Crohn’s occurs in only about 500,000 Americans. Cadwell et al.
(2010) found that three factors were necessary in mice to
create a condition similar to the human bowel disorder
Crohn's disease: a mutated gene, exposure to a damaging
chemical and infection with a specific virus [105].
Chow et al. (2010) recently found a gene called Arch
in a type of bacteria, which responds to yellow light and
a gene called Mac in a fungus that responds to blue light
[106]. They found that yellow light silences Arch, while
blue light silences Mac. The investigators used a harmless virus to deliver these genes into specific brain cells.
When hit with a certain color of light, the gene instructs
the cells to make pumps that pump protons out of the cell
and this changes the electrical charge of the cell, preventing it from sending signals. In other words, light activates the proteins, which lowers the voltage in the neurons and inhibits their activity and prevents them from
firing. The light only affects those neurons sensitized to
specific colors of light [106]. Up to now, experiments
have been conducted with only animals, but in the future,
it is possible that people with ME/CFS might have their
brains reprogrammed so that different colors of light corNM
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immunology: The Interface Between Behavior, Brain,
and Immunity.” American Psychologist, Vol.49, No. 12,
1994, pp. 1004-1017.
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rect the corrupted neural components that maintain
ME/CFS.

6. Conclusion
In summary, kindling might represent an approach for
better understanding the etiology of ME/CFS. Patients
might be exposed to repeated low-intensity stimulation
due to an infectious illness or by high-intensity stimulation which kindles aspects of the limbic-hypothalamicpituitary axis. A high level of arousal with little or no external stimulus can ultimately induce seizure activity,
which could spread to adjacent structures in the brain,
which may be responsible for the varied symptoms that
occur among patients with ME/CFS.
As there are many types of cancer and heart disease,
ultimately we might find that there are also different
types of ME/CFS, each with their own set of manifestations and treatment needs, some types might be initiated
and affected by kindling and other subtypes might have
other causes. Landmark-Høyvik et al. (2010) in a recent
review article on the genetics and epigenetics of fatigue
concluded that there is a need for studies with larger
sample sizes with more a clearly defined phenotype
[107]. With studies involving larger samples, it would be
possible to identify many subtypes of ME/CFS. In addition, as recommended by Landmark-Høyvik et al., we
need studies based on systems biology that explains the
illness, in combination with more details about the
environmental contributors to the illness as well as
validation of findings with functional studies.
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