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The importance of comorbidities in determining the quality of life of individuals with epi-
lepsyand their families has received increasing attention in the past decade. Along with it has
come a recognition that in some individuals, certain comorbidities may have preexisted, and
may have contributed to their developing epilepsy. Many mechanisms are capable of inter-
connecting different dysfunctions that manifest as distinct disorders, often diagnosed and
managed by different specialists. We review the human data from the perspective of epide-
miology as well as insights gathered from neurodiagnostic and endocrine studies. Animal
studies are reviewed to refine our mechanistic understanding of the connections, because
they permit the narrowing of variables, which is not possible when studying humans.

The epilepsies represent a group of brain dis-
orders in which the primary symptoms, sei-

zures, are generated by an abnormal balance
between excitation and inhibition. Complex
mechanisms underlie the evolution of abnormal
neuronal and network excitability as well as en-
hanced synchronization of neuronal popula-
tions (Engel 2013). The medications used to
treat epilepsy at the present time are designed
to limit excitation and/or enhance inhibition
(Elger and Schmidt 2008). In recent times, those
of us concerned with caring for people with ep-
ilepsy (PWE) have become sensitized to the im-
pact of psychiatric comorbidities on the quality
of life of our patients (Hermann et al. 2000a;
Johnson et al. 2004). What is the relationship

between epilepsy and the well-described psychi-
atric comorbidities? As early as around 400
BC, Hippocrates observed that “melancholics
ordinarily become epileptics, and epileptics,
melancholics” (Lewis 1934; Temkin 1971). Epi-
demiologic evidence is accumulating to validate
that view of a reciprocal relationship, showing a
higher prevalence of psychiatric disorders pre-
ceding the onset of seizure disorders (Hes-
dorffer et al. 2000, 2004, 2006, 2012; Chang
et al. 2011; Adelow et al. 2012). Recent experi-
ments in the laboratory have recaptured that
clinical picture; when rats selectively bred for
vulnerability or resilience to depression-like
phenotypes were subjected to pilocarpine ad-
ministration (a model of status epilepticus in-
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duced epileptogenesis), the rats with the depres-
sion-like phenotype showed a shorter latency to
limbic seizures, and half of those rats developed
spontaneous limbic motor seizures although
none of the depression-resistant rats did (Epps
et al. 2012). The rats with the depression-like
phenotype also had a lower threshold to elec-
troshock seizures and showed a lower final
hippocampal kindling threshold. Likewise, re-
peatedly stressed rats reached the fully kindled
state with fewer amygdala stimulations than
nonstressed animals (Jones et al. 2013). This
review will explore the shared pathogenic mech-
anisms that may link these brain disorders, with
emphasis on the comorbidity of depression,
and will also evaluate the available findings in
terms of novel targets for the amelioration of
these multifaceted disorders of brain function.

FINDINGS IN THE EPIDEMIOLOGIC
LITERATURE

From the perspective of the epileptologist, de-
pression has been seen as an important comor-
bidity that needs to be addressed to optimally
manage PWE. Increased prevalence of depres-
sion has been described in both pediatric (Et-
tinger et al. 1998; Oguz et al. 2002; Caplan et al.
2005) and adult (Hermann et al. 2000b; Piazzi-
ni et al. 2001; Kanner 2005) patients. The finding
from a Swedish study that preexisting de-
pressive disorders were seen seven times more
frequently among patients with new-onset epi-
lepsy than age- and sex-matched controls (Fors-
gren and Nystrom 1990) was both surprising
and intriguing. A decade later, Hesdorffer and
colleagues (Hesdorffer et al. 2000) reported
that, in adults aged 55 years and older from
Omstead County, Minnesota, at the time of on-
set of their epilepsy, diagnosis of depression was
3.7 times more frequent than among controls.
The association was greater for focal epilepsy in
both those studies. Another population-based
study, conducted in Iceland, revealed that chil-
dren with the diagnosis of attention-deficit hy-
peractivity disorder (ADHD) of the inattentive
type were 3.5 times more likely to develop epi-
lepsy than controls (Hesdorffer et al. 2004). In
that same Icelandic population, a major depres-

sive episode as defined in the Diagnostic and
Statistical Manual of Mental Disorders, 4th ed.,
was associated with a 1.7-fold increased risk of
developing epilepsy (Hesdorffer et al. 2006),
whereas attempted suicide was 5.1 times more
common among controls. A two- to fourfold
increased frequency of anxiety, depression, sui-
cidality, and psychosis were identified in a study
in the United Kingdom during the 3 years pre-
ceding the onset of epilepsy compared with
controls (Hesdorffer et al. 2012). Very similar
findings emerged in a Swedish study (Adelow
et al. 2012) that compared the risk of developing
epilepsy among patients who had been hospi-
talized for a psychiatric disorder to a group of
controls matched for gender and year of diag-
nosis; the age-adjusted overall odds ratio (OR)
of 2.7 was very similar for major depressive dis-
order (MDD, OR of 2.5), bipolar disorder (OR
of 2.7), anxiety disorder (OR of 2.7), and sui-
cide attempt (OR of 2.6). Investigators in Tai-
wan (Chang et al. 2011) identified a sixfold
higher risk for developing epilepsy among pa-
tients diagnosed with schizophrenia compared
with controls.

An obvious concern in the interpretation
of such data is the potential impact of the
pharmacotherapy of psychiatric conditions, be-
cause many of these agents are accompanied
by warnings regarding the potential for sei-
zures (Harden and Goldstein 2012). However,
a meta-analysis of randomized, placebo-con-
trolled, multicenter trials of selective serotonin
reuptake inhibitors (SSRIs) and serotonin–
norepinephrine reuptake inhibitors submitted
to the Food and Drug Administration (FDA)
during 1985 to 2004 involving 75,873 patients
actually found a lower incidence of seizures
among depressed patients randomized to the
antidepressant arm compared with placebo
(standardized incidence ratio ¼ 0.48; 95% CI,
0.36–0.61), whereas patients assigned to pla-
cebo experienced a 19-fold higher incidence of
seizures than the published incidence in the
community nonpatient samples (Alper et al.
2007). Indeed, this is consistent with reports
of small series in which SSRIs seemed to exert
an anticonvulsant effect in PWE. In a cohort of
17 medically refractory patients with focal sei-
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zures with secondary generalization treated with
fluoxetine, six patients experienced a complete
disappearance of their daily seizure, whereas the
others experienced an average reduction of 30%
of their seizures (Favale et al. 1995). All of the
patients had received a 20 mg dose, which is
quite modest. Nine out of 11 patients with un-
controlled epilepsy and without depression re-
sponded to citalopram therapy with .50% re-
duction in seizures (Favale et al. 2003). These
findings are in concordance with findings in
animal models described below. On the other
hand, atypical antipsychotic medications, clo-
zapine, olanzapine, and to a lesser extent, que-
tiapine, when given to patients with psychotic
disorders, seemed to be associated with a higher
incidence of seizures than placebo (Alper et al.
2007). The pattern emerging from the findings
above is that enhancing the serotonergic tone is
ameliorative of seizures as well as depression
while limiting dopaminergic tone likely lowers
seizure threshold even as it may be of benefit in
reducing psychotic symptoms.

To explore the possibility of primary psy-
chiatric disease influencing the epileptogenic
process, this work will review several known
pathogenic mechanisms. These include (1) ab-
errant neurotransmitter systems, (2) distur-
bances in opioid secretion and action, (3) a
brittle or twitchy hypothalamic–pituitary–ad-
renal (HPA) axis causing excessive glucocorti-
coid signaling with downstream effects on neu-
rotransmitters like serotonin and producing
excessive cell loss and atrophy in vulnerable
brain regions, and, (4) the role played by mech-
anisms of neuroinflammation.

FINDINGS IN HUMANS

Disturbances in Neurotransmitters

Serotonin (5-HT)

The serotonin hypothesis of depression (Cop-
pen 1967) dates back to the 1960s and postulat-
ed a deficit in 5-HT as a primary cause of
depression, and has been an important driver
of antidepressant drug design. Its present status,
seen in the perspectives of advances in neuro-
imaging, genetics, and other new knowledge is

reviewed concisely (Albert and Benkelfat 2012;
Albert et al. 2012). The role of 5-HT1A recep-
tors have been studied in humans using posi-
tron emission tomography (PET) using 18F or
11C-labeled ligands that bind avidly to 5-HT1A
receptors. These studies involving patients with
MDD and temporal lobe epilepsy (TLE) reveal
comparable decreased 5-HT1A receptor bind-
ing in both these disorders in the hippocampus,
amygdala, cingulate gyrus, insula, and the raphe
nucleus (Sargent et al. 2000; Toczek et al. 2003;
Theodore et al. 2006; Hasler et al. 2007). A PET
study using a ligand for the 5-HT transporter
showed diminished transporter binding in the
insula and fusiform gyrus in a compensatory
manner such that maintenance of a higher levels
of 5-HTat sites that have fewer 5-HT1A may be
supported (Martinez et al. 2013). The associa-
tion between depressive symptoms in TLE pa-
tients and central serotonergic pathways in sites
such as the raphe nucleus, insula, the cingulate
gyrus, and the epileptic hippocampus was con-
firmed by studies (Lothe et al. 2008). Overall,
functional neuroimaging studies involving
ligand binding to 5-HT1A receptors or the
5-HT transporter suggest a deficit in serotoner-
gic tone such that depression and epilepsy could
coexist, and indeed one disorder could influ-
ence the other on this basis.

Glutamate and g-Aminobutyric Acid (GABA)

As stated earlier, an operational view of epilepsy
for developing therapeutics has posited the
disorder as an imbalance between excitatory
glutamatergic tone and inhibitory GABAergic
tone, often graphically represented by a scale or
a seesaw to suggest the disruption of the critical
balance between excitation and inhibition. In a
study of patients with MDD, Garakani and as-
sociates (Garakani et al. 2013) studied the cere-
brospinal fluid (CSF) of patients and found an
association of high CSF glutamate and suicidal
ideation and lower glutamine posttreatment,
which may be correlated with attenuation of
dysfunction in the glutamatergic system after
antidepressant treatment. A proton magnetic
resonance spectroscopy (MRS) found increased
cortical glutamate concentrations in frontal and
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occipital lobes (Sanacora et al. 2004). The
choice of the anatomic location was dictated
by the minimal voxel size requiring loci in
which the gray matter from the two hemi-
spheres are aligned in the images. In a small
double-blinded series of seven patients with
major depression (Berman et al. 2000), patients
were randomized to receive two test doses
(one dose per day) 0.5 mg/kg of ketamine, a
noncompetitive antagonist of the N-methyl-D-
aspartate (NMDA)-sensitive subtype of the glu-
tamate receptor intravenously or saline; blinded
evaluation at 72 h confirmed significant reduc-
tion in the Hamilton Depression Rating Scale. A
randomized, double-blind crossover study at
the National Institute of Mental Health con-
firmed those findings and showed that a robust
and rapid antidepressant effect resulted from
a single intravenous dose of ketamine; onset
was discernible within 2 h after infusion and
continued to remain significant for 1 wk (Za-
rate et al. 2006). The immediacy of the effect
from NMDA receptor modulation contrasts
with the latency for the antidepressant effect
experienced with SSRIs. However, antagonists
of the NMDA receptor-associated channel
blockers like ketamine have been considered to
have low “druggability” because of their pro-
pensity to produce hallucinations. Nevertheless,
the above-described studies support the concept
that excessive glutamatergic activity at NMDA
receptors could be associated with depression,
an imbalance also considered relevant to seizure
generation. Functional imaging with 5-HT1A
ligands for PET pre- and posttreatment with
ketamine in such protocols may provide insights
into the relationship of the interaction between
glutamatergic and serotonergic signaling.

In keeping with the idea of excitation–inhi-
bition imbalance in epilepsy, a number of stud-
ies have shown compromises in GABA systems
in a number of psychiatric disorders. Gerner
and Hare (1981) found decreased CSF GABA
in patients with depression, mania, schizophre-
nia, and anorexia nervosa, with the lowest levels
found in depressed patients. Using proton MRS,
Sanacora et al. (1999) determined GABA levels
to be decreased in the occipital cortex of de-
pressed patients; they also showed that a treat-

ment response to SSRI (Sanacora et al. 2002)
and electroconvulsive therapy (Sanacora et al.
2003) were accompanied by increased GABA
concentrations measured by the same method.
Data from CSF determinations and MRS studies
do not permit an easy correlation with network
behavior relevant to epileptogenicity or affective
disorders. The expression of the GABA-synthe-
sizing enzyme glutamic acid decarboxylase
(GAD) isoforms were found decreased in the
dentate gyrus and Ammon’s horn of patients
diagnosed with bipolar disorder (Heckers et
al. 2002). Mice deficient in in the 65-kDa iso-
form of GAD display (–/–) an epileptic phe-
notype (Kash et al. 1997). The technique of
transcranial magnetic stimulation (FDA ap-
proved since 2008 for the treatment of major
depression) permits a functional assessment of
GABA function (Kujirai et al. 1993). A study
comparing parameters of cortical excitability
in 20 medication-free depressed patients and
gender-matched healthy volunteers concluded
that intracortical inhibition was reduced in pa-
tients with major depression (Bajbouj et al.
2006). The measure of cortical inhibition used
in that study had previously been shown to rep-
resent monosynaptic GABA-mediated inhibi-
tion (Davies et al. 1990). Transcranial magnetic
stimulation paradigms known as short-interval
cortical inhibition and the cortical silent pe-
riod provide for an assessment of GABAA

and GABAB receptor-mediated inhibitory neu-
rotransmission, respectively. The findings of
Bajbouj et al (2006) of deficits in GABAergic
inhibition in major depression have been con-
firmed by more recent studies (Lefaucheur et al.
2008; Levinson et al. 2010).

Dysfunctions of Opioid Signaling

The use of opium and its derivatives by man for
both medicinal and recreational use dates back
to antiquity. The role of endogenous opioid sig-
naling in a variety of neurological disorders, in
terms of both pathophysiology and potential
therapeutics, has been an area of active research.
Distinct physiological results are based on the
activation of opiate receptor subtypes. Despite
the existence of distinctive anatomic distribu-
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tion of these receptors, the different opioid re-
ceptor subtypes, m-(MOR), d-(DOR), and k-
(KOR) are all coupled to inhibitory G-proteins.
Activation of theses receptors (e.g., MOR by
morphine) results in closure of voltage-sensitive
calcium channels, activation of potassium ef-
flux, and reduced cyclic adenosine monophos-
phate (cAMP), overall leading to reduced neu-
ronal excitability. A significant increase in MOR
binding was reported in young suicide victims
compared with age-matched controls, but this
effect was not discernible in older subjects
(Gross-Isseroff et al. 1990). A study of postmor-
tem human brains from 15 suicide victims and
controls showed 36–39% increased density of
MOR in the frontal cortex and thalamus of
suicide victims compared with controls (Gabi-
londo et al. 1995). However, a more recent study
of suicide victim failed to confirm the above
findings (Zalsman et al. 2005).

When mood states were induced, sustained
sadness condition was associated with signifi-
cant deactivation in m-opioid transmission in
the rostral anterior cingulate, ventral pallidum,
amygdala, and inferior temporal cortex as
reflected by increased MOR available for the
selective radiotracer ligand [11C]-carfentanil
(CFN) (Zubieta et al. 2003). This was a dem-
onstration of dynamic changes in m-opioid
transmission in response to an experimentally
induced negative affective state. Likewise, in-
duction of a positive mood state resulted in
reduced availability of all opioid receptors
for [11C]-diprenorphine (DPN) (Koepp et al.
2009). Together, these data suggest that de-
creased opioid neurotransmission is associated
with a depressed state. It has also been shown
that exogenous ligand binding to KOS can pro-
duce dysphoria and psychotomimesis (Pfeiffer
et al, 1986). However, an antidepressant effect
has been shown in animal models treated with
antagonists of KOR (Mague et al. 2003) or ag-
onists of DOR (Jutkiewicz 2006).

Patients with TLE have been studied with
both [11C]-CFN, which is MOR selective, and
[11C]-DPN, which is nonselective, as well as
[18F]-2-fluoro-2-deoxyglucose(FDG)(Mayberg
et al. 1991). Carfentanil binding was increased
in the temporal neocortex and decreased in the

amygdala, along with hypometabolism in the
lateral and mesial temporal lobes ipsilateral to
the epileptic focus. The lack of change in DPN
binding was attributed to likely reduction in
number or affinity of DOR and/or KOR. Studies
during acute seizures by using reading-induced
seizures revealed decreased [11C]-DPN binding,
suggesting that opioid levels increase during sei-
zures (Koepp et al. 1998). Further, a regionally
specific increase in overall opioid receptor avail-
ability in the postictal period was shown by
[11C]-DPN PET, suggesting that the opioid sys-
tem may play an important role in seizure con-
trol (Hammers et al. 2007). The finding of no
overall difference in [11C]-DPN binding be-
tween patients and controls in the anterior tem-
poral lobe when patients are studied during the
interictal period was considered to support the
concept of a phasic (or dynamic) rather than an
enduring or tonic change (Koepp et al. 1998).

Hyperactive HPA Axis

The demonstration of the failure of a test dose of
dexamethasone (DEX) to suppress circulating
cortisol level (known as the DEX suppression
test) a classic biomarker in MDD, identified in
50% of patients who meet the criteria for the
diagnosis (Nestler et al. 2002). Such a finding
has also been reported in patients with TLE
(Zobel et al. 2004). Chronic stress and the re-
sultant elevated circulating glucocorticoid levels
are associated with tonic inhibition of 5-HT1A
mRNA expression in the human as well as rat
hippocampus (López et al. 1998). This finding
may explain the changes in PET studies with
5-HT1A receptor radio ligand in humans with
epilepsy as well as depressive disorders.

A variety of neuropathological changes rep-
resented by cell loss and atrophy in both de-
pressive disorders at various limbic sites are
likely consequences of chronically elevated cor-
tisol levels (Crossin et al. 1997; Öngür et al.
1998; Bowley et al. 2002; Cotter et al. 2002).
The effect on astrocyte proliferation may indi-
rectly impair glutamate reuptake by glial cells
and increase synaptic glutamate (Crossin et al.
1997). As previously mentioned, such increases
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in glutamate are relevant to both depression
and epilepsy.

Neuroimaging Abnormalities

Assessment of hippocampal volumes is readily
undertaken with magnetic resonance imaging
(MRI). Hippocampal volumetric changes are
commonly described in patients with de-
pression. Volume loss of 8% to 19% has been
described by various investigators studying pa-
tients with depressive disorders (Sheline et al.
1999; Bremner et al. 2000; Cambell et al. 2004).
Shah et al. (1998) documented decreased hip-
pocampal volume as well as gray matter in the
temporal neocortex of patients with treatment-
resistant depression. The duration of depression
correlated inversely with hippocampal volume
in women with recurrent depression who were
otherwise healthy (Sheline et al. 1999). A study
of patients with TLE and varying degrees of de-
pression confirmed an interaction between the
two conditions, and those with depression and
epilepsy had hippocampal atrophy that could
not be explained by the epilepsy alone, based
on the lateralization of the epileptic focus (Sha-
mim et al. 2009). In keeping with that observa-
tion, Salgado and coworkers performed voxel-
based morphometric studies of patients with
TLE with or without depression and healthy
controls, and found evidence of more gray mat-
ter volume loss in patients with mesial TLE
and depression (Salgado et al. 2010). Increased
amygdalar volumes in patients with TLE and
depression have been reported by two groups
independently (Tebartz van Elst et al. 1999;
Richardson et al. 2007). But these investigators
did not confirm an effect of depression on hip-
pocampal volume. The study by Briellmann
et al. (2007) did not find a difference in hippo-
campal volume loss or increased T2 relaxation
time ipsilateral to the epileptic focus in patients
with or without depression; and in contrast
with the above-mentioned studies they found
bilateral amygdaloid atrophy rather than in-
creased volume.

Extratemporal abnormalities have been
identified in both primary mood disorders
and in epilepsy, which suggests dysfunction of

a distributed neural network (Sheline et al. 1998;
Bremner et al. 2002; Briellmann et al. 2007;
Richardson et al. 2007; Kempton et al. 2011).
Collectively, these studies reveal structural and
functional abnormalities in primary depression
as well as TLE, implicating orbital and medial
prefrontal cortices, and anatomically related
structures within the limbic, striatal, thalamic,
and basal forebrain structures.

Voxel-based morphometric analyses have
permitted assessment of extratemporal struc-
tures in patients with a very high degree of pre-
cision and have enabled a number of important
findings. In patients with TLE, reduced neocor-
tical thickness and complexity in the frontal
poles, frontal operculum, orbitofrontal, lateral
temporal, and occipital regions was positively
correlated with the duration of epilepsy (Lin
et al. 2007). Using similar techniques, Bilevicius
and colleagues confirmed the effect of duration,
and also found that patients considered to be-
ing pharmacoresistant or remitting–relapsing
presented a similar pattern of gray matter
atrophy, which was more widespread than in
patients who were seizure free on medical treat-
ment (Bilevicius et al. 2010). As mentioned ear-
lier, voxel-based morphometric studies have
also shown more gray matter volume loss in
patients with mesial TLE and depression (Sal-
gado et al. 2010).

Functional studies involving FDG-PET also
show bilateral frontal and ipsilateral orbitofron-
tal hypometabolism in patients with TLE and
comorbid depression (Bromfield et al. 1992;
Salzberg et al. 2006). Using PET to study region-
al cerebral blood flow (rCBF), Bench and col-
leagues (Bench et al. 1993) found anatomic pat-
terns of rCBF alterations that correlated tightly
with specific symptom dimensions of depres-
sive illness. All patterns involved regional hypo-
perfusion, which generally corresponds to areas
of hypometabolism. Gilliam et al. noted that the
severity of clinical symptoms of depression in
refractory focal epilepsy were similar in those
with an abnormal FDG-PET compared with
those with a normal FDG-PET, rather than the
extent of seizure control enjoyed at the time of
testing, suggesting the importance of a dysfunc-
tional neuronal network (Gilliam et al. 2004).
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In a subsequent study using MRS to estimate
the integrity of the mesial temporal structure
by the peak for N-acetylaspartate (NAA) the
depression scores correlated inversely with the
NAA level; that is, depression scores were a func-
tion of hippocampal dysfunction, rather than
other clinical variables such as day-to-day seiz-
ure frequency (Gilliam et al. 2007). Although
most imaging studies yield data at one time
point in the course of the disease and cannot
readily distinguish between cause and conse-
quence of epilepsy and comorbid depression,
some studies have provided compelling rela-
tionship to early onset and duration of the con-
dition (Lin et al. 2007; Bilevicius et al. 2010).

Role of Inflammation

Inflammatory markers have been studied in the
blood of patients with MDD, as well as resected
epileptic tissue. Proinflammatory cytokines, in-
terleukin (IL)-1b, IL-2, and IL-6, interferon-g,
and tumor necrosis factor-a (TNF-a) are pres-
ent in the blood of patients with MDD (Krish-
nadas and Cavanagh 2012). There has even been
a proposal to explore cyclooxygenase-2 (COX-
2) inhibitors in major depression (Muller et al.
2011). Association between polymorphisms in
the IL-1b promoter revealed a modest associa-
tion between a haplotype (-311T/Tand -511C/
C) and recurrent major depression (Borkowska
et al. 2011). Two IL-1b gene polymorphisms
(rs16944, rs114643) were found to predict a
lack of response to SSRIs in 6 wk of treatment
(Baune et al. 2010).

Among the various cytokines associated
with epilepsy, IL-1b seems to play the most
prominent role. Increased frequency of has
been found to display proconvulsant properties
(see below). An association with IL-1b -511T
allele in TLE patients who reported an anteced-
ent episode of prolonged febrile convulsion
(Kanemoto et al. 2003) convulsions, histopath-
ologic study of resected tissue from humans
who underwent epilepsy surgery has revealed
an overexpression of IL-1b and its receptor
type 1 (IL-1R1) in cortical dysplasia and tuber-
ous sclerosis (Crespel et al. 2002; Ravizza et al.
2006; Boer et al. 2008). Enhancement of excit-

ability by IL-1b involves an effect on synaptic
glutamate levels by reduction in glutamate up-
take by glial cells (Hu et al. 2000) or an enhanced
release of glutamate from these cells, mediated
by tumor necrosis factor-a (Bezzi et al. 2001). In
addition, IL-1b can modify the excitotoxicty
induced by a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA), which can be
modified by TNF-a (Bernardino et al. 2005).
Tyrosine phosphorylation of NMDA receptor
subunits 2A and 2B by IL-1b enhanced calcium
currents mediated by NMDA receptor activa-
tion (Viviani et al. 2003). Taken together, in-
flammatory signaling may have played a part
in promoting abnormalities of cerebral develop-
ment, and the contribution of cytokines to en-
hanced excitation may be contributory to both
human epilepsy and major depression.

FINDINGS FROM ANIMAL MODELS

Animal models of epilepsy and depression per-
mit a study of the interrelationship without
the many confounding factors inherent in stud-
ies involving humans. Most prominent among
the confounders are the effects of medical treat-
ment, which may obscure certain phenomena
by protecting the brain from the severity of
the disorder under study. Specific antiseizure
medications have been known to exacerbate
symptoms of depression, ADHD, or psychosis,
whereas others have been found to be benefi-
cial to treat mood disorders. The availability of
transgenic animals provides additional advan-
tages in probing mechanisms that is not feasible
in the clinical settings.

Aberrations of the HPA Axis

The regulation of the HPA axis is an important
mechanism in maintaining homeostasis and as
such both reflects exposure to stress as well con-
tributes to producing symptoms and driving
plasticity. Under conditions of stress, the system
can switch from an adaptive range to maladap-
tive. This is usually reflected by abnormally
elevated levels of glucocorticoids (generally cor-
tisol in humans, corticosterone in rodents). Ex-
perimental chronic stress induced in rodents by
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maternal separation, prolonged physical re-
straint, cold stress, and sleep-deprivation results
in the HPA axis hyperactivity (Edwards et al.
1999; Aisa et al. 2007; Novati et al. 2008) and
can be estimated by the elevated plasma corti-
costerone (CORT) level and/or positive DEX or
DEX/CRH tests (Watson et al. 2006). The be-
havioral response to such experimental stress
is seen as increased immobility in the forced
swimming test (FST) in rats and in the tail sus-
pension test in mice (behaviors that serve as
indicators of hopelessness/despair), as well as
the loss of saccharin or sucrose consumption
preference (expression of anhedonia) (Richard-
son 1991; Holmes 2003). These depression-like
behaviors can also be induced by glucocorticoid
administration (Gregus et al. 2005; Johnson et
al. 2006). A genetic mouse model for depression
achieved by selective breeding displays the phe-
notype in the FST, the tail suspension test, and
the sucrose preference paradigm also displayed
elevated CORT levels and a decreased seroto-
nergic tone (El Yacoubi et al. 2003).

A number of methods used in the laborato-
ry to produce stress as well as administration of
exogenous glucocorticoid can facilitate epilep-
togenesis. Amygdala kindling in rats can be ac-
celerated by repeated physical restraint stress
(Jones et al. 2013). Stress induced to neonatal
rat pups by repeated separation from dams also
facilitated amygdala kindling when the rats were
fully grown (Kumar et al. 2011) as well as low-
ered the threshold for pentylenetetrazole-in-
duced convulsions (Lai et al. 2006). The animals
exposed to neonatal stress had an exaggerated
CORT response to pilocarpine-induced status
epilepticus (Lai et al. 2006). Both episodic and
chronic low-dose treatment of rats with CORT
can promote kindling epileptogenesis (Karst
et al. 1999; Taher et al. 2005; Kumar et al.
2007). In hippocampal slices prepared from
rats 1 wk after intrahippocampal kainite injec-
tions, 3 d of high-dose CORT treatment before
slice preparation substantially potentiated the
epileptiform activity (Talmi et al. 1995); further,
this effect was antagonized by a glucocorticoid
antagonist, but not a mineralocorticoid antag-
onist. In a similar manner, when CORTor saline
was administered to mice undergoing continu-

ous video-EEG monitoring after pilocarpine-
induced status epilepticus, the CORT-treated
animals showed increased frequency and dura-
tion of epileptiform events within the first 24 h
of treatment, and this effect persisted for up to
2 wk following termination of CORT injections
(Castro et al. 2012).

It is clear that preexisting stress facilitates
epileptogenesis by a number of known provo-
cateurs, such as status epilepticus, head trauma,
or kindling in the laboratory when they serve as
a second hit. It is not established clearly that
stress is a sufficient hit by itself to produce spon-
taneous seizure. Another question is can stress
serve as a second hit when there is a preexist-
ing genetic/structural predisposition to epilep-
sy and associated comorbidities. This seems
likely, based on anecdotal experience from the
clinic. This idea is quite testable in animals with
a mild epileptic phenotype caused by genetic
manipulations.

In the other direction, stereotactic injection
of kainic acid in area CA1 of the rat dorsal
hippocampus not only produced seizures and
selective lesion in the CA3, but indirectly stim-
ulated the HPA axis producing a significant el-
evation in circulating CORT (Daniels et al.
1990). Increased plasma CORT results have
also resulted from electrical stimulation of the
dorsal hippocampus (Casady and Taylor 1976).
Rats in which chronic epilepsy is produced by
lithium–pilocarpine treatment manifest a hy-
peractive HPA axis function as evidenced
by failure to respond to a DEX challenge with
depression CORT and an exaggerated CORT
response to a systemic injection of CRH and
manifest depressive behaviors; the severity of
the behavioral aberrations correlated with the
extent of HPA axis dysfunction (Mazarati et al.
2009; Inostroza et al. 2012). Traumatic brain
injury (TBI) in rats can model posttraumatic
epilepsy (Kharatishvili et al. 2006). Rats subject-
ed to TBI also show HPA axis hyperactivity
(Griesbach et al. 2011), and the evolution of
behavioral abnormalities has been documented
(Pandey et al. 2009; Shultz et al. 2012; Kuo et al.
2013).

The data presented thus far show that epi-
lepsy can play the role of a stressful stimulus and
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lead to HPA axis dysfunction and depression,
whereas the HPA axis dysregulation can further
exacerbate the severity of epilepsy, creating a
positive feedback loop or vicious cycle. It was
also described earlier that early life experience
can further amplify the seizure-induced in-
crease in CORT (Lai et al. 2006). This raises
the possibility that inhibitors of cortisol synthe-
sis or glucocorticoid receptor antagonists may
represent an attractive option to supplement
antiseizure and antidepressant therapy to inter-
rupt the positive feedback loop, and improve
the response to conventional pharmacotherapy
(Dinan 2001).

Impairment of Serotonergic Transmission

Serotonergic innervation is mainly derived
from the raphe nucleus in the dorsal brain
stem. Projections from this nucleus to the pre-
frontal cortex and hippocampus are important
in the regulation of mood. The release of 5-HT
is regulated by short-feedback loop autoinhibi-
tory fibers that activate 5-HT1A autoreceptors.
The activation of these receptors leads to a hy-
perpolarizing response and inhibits the firing
of the serotonergic neurons that project to dis-
tant targets, thus serving a negative feedback
loop function (Riad et al. 2000; Richardson-
Jones et al. 2010). If the 5-HT1A receptors
become hyperactive, 5-HTrelease would be com-
promised and result in depression. Genetically
modified mice with enhanced 5-HT1A recep-
tors show vulnerability to depression (Richard-
son-Jones et al. 2010), whereas mice inbred for
depressive traits display exaggerated response to
5-HT1A receptor stimulation. Consistent with
those observations, selective pharmacologic
blockade of presynaptic raphe 5-HT1A recep-
tors produced an antidepressant effect and
improves performance of epileptic rats in the
FST (Mazarati et al. 2010). On the other hand,
depression may also result from compromised
activity at the forebrain postsynaptic 5-HT1A
receptors that form the targets for the seroto-
nergic innervation from the raphe. Selective
stimulation of postsynaptic 5-HT1A receptors
ameliorates experimental models of depression
(Llado-Pelfort et al. 2010; Zhou et al. 2014).

The involvement of the serotonergic system
in seizures and epilepsy is well established.
Genetic epilepsy-prone rats (GEPRs) show ab-
normalities in many aspects of serotonergic
function, including 5-HT synthesis, transport,
and receptor binding (Dailey et al. 1992; Stat-
nick et al. 1996a,b). Enhanced vulnerability to,
and higher mortality from, seizures induced by
kainic acid were seen in mice lacking 5-HT1A
receptors in the hippocampus compared with
the wild-type control mice (Sarnyai et al. 2000).
In experiments involving hippocampal slice
preparations, specific activation of 5-HT1A re-
ceptors abolished epileptiform activity induced
by picrotoxin (Lu and Gean 1998) or bicucul-
line (Salgado-Commissariat and Alkadhi 1997).
In in vivo rat experiments, the SSRI, fluoxetine,
had an ameliorative effect on kindled seizures
(Siegel and Murphy 1979), spontaneous sei-
zures that followed pilocarpine-induced status
epilepticus (Hernandez et al. 2002; Mazarati
et al. 2008), as well as lowered interictal neuro-
nal excitability as measured by after-discharge
threshold and after-discharge duration (Maza-
rati et al. 2008). Modest anticonvulsant effects
have also been shown for another SSRI, citalo-
pram, in rats rendered epileptic by systemic
kainic acid treatment (Vermoesen et al. 2012).

Studies involving rats with chronic epilepsy
after lithium–pilocarpine treatment, depres-
sion-like behaviors in the taste preference test
and immobility in the FST correlate with com-
promised serotonergic tone in the raphe–fore-
brain projection (Pineda et al. 2011). The
experiments revealed enhanced 5-HT1A auto-
receptor receptor function in the raphe, result-
ing in compromised evoked release of 5-HT as
measured in the hippocampus on raphe stimu-
lation and at the same time a down-regulation
of the postsynaptic 5-HT1A in the hippocam-
pus. Immobility in the FST could be reduced
by intra-raphe injection of selective 5-HT1A
antagonist or stimulation of hippocampal 5-
HT1A receptors in the hippocampus by local
injection of an agonist (Pineda et al. 2011).
These findings show multiple mechanisms are
at play in mediating plasticity in the serotoner-
gic system in experimental epilepsy that is asso-
ciated with depression.
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The connection between epileptogenesis
and the development of compromised seroto-
nergic tone accompanying depression may be
subserved by the maladaptation in the HPA
axis. Abnormally elevated levels of glucocorti-
coids up-regulate 5-HT1A autoreceptors in the
raphe, diminishing serotonergic outflow (Bel-
lido et al. 2004; Judge et al. 2004). Local injec-
tions of a glucocorticoid receptor mifepristone
into the raphe improved the serotonergic output
and performance in the FST in epileptic animals
with concurrent depression after lithium–pilo-
carpine status epilepticus (Pineda et al. 2011).
The hyperactive HPA system not only serves as a
link between epilepsy and depression, but also
provides for a positive feedback system modify-
ing the serotonergic system and, in turn, exacer-
bating both depression and epilepsy.

Disturbances in Opioid Neurotransmission

As a general rule, opioids tend to inhibit neu-
rotransmitter release in the central nervous
system (CNS). However, in the hippocam-
pus, endogenic MOR and DOR agonists like
enkephalins exert their action selectively on
GABAergic interneurons, resulting in excitation
of pyramidal neurons (Zieglgänsberger et al.
1979). On the other hand, KOR agonists like
dynorphins exert an inhibitory effect presynap-
tically on glutamate release at the performant
path–dentate granule cell synapse (Wagner
et al. 1993). Despite these opposite effects on
excitability, the net effect may be that the release
of endogenous opioids triggered by seizures
contributes to elevating the seizure threshold,
and their tone also contributes to the postictal
state (Tortella 1988). Indeed, anticonvulsant
effects of opioid peptides have been shown
against maximal electroshock seizures in the
rat (Berman and Adler, 1984), and enkephalins
have been shown to oppose the epileptiform
EEG changes induced by intraventricular ad-
ministration of corticotropin release factor
(Pieretti et al. 1990). In a number of experi-
mental paradigms, transient changes in opioid
peptides have been shown following seizures
(Simmons and Chavkin 1996). Overall, it is
not clear whether seizure-induced changes in

opioid-signaling pathways provide a positive
feedback to exacerbate depression. Indeed, al-
though an increase in dynorphin levels during
prolonged exposure to stress may produce
learned helplessness, dysphoria, and depres-
sion, whereas the release of b-endorphins in
the amygdala in response to stress seems to in-
hibit the overactivation of HPA axis (Bali et al.
2015). In this manner, the opioid system may
function more as a negative feedback loop in
connecting epilepsy and depression.

Role of Neuroinflammation

Administration of IL-1b or the bacterial endo-
toxin, lipopolysaccharide, to mice increased the
time spent immobile in the FST and the tail
suspension test (Dunn and Swiergiel 2005).
Central administration of IL-1b also increased
plasma CORT levels (Parsadaniantz et al. 1997),
and has been shown, in vitro, to suppress the
firing of raphe serotonergic neurons (Brambilla
et al. 2007; Vezzani et al. 2011, 2013). Mice de-
ficient in the interleukin receptor 1 (IL-
1R12/2) displayed an elevated threshold for
the induction of febrile seizures (Dubé et al.
2005). In models of TLE, IL-1b, as well as its
receptor (IL-1R1) are overexpressed in the hip-
pocampus in models of TLE in rodents (Ravizza
et al. 2008a,b). Inhibition of the IL-1b-synthe-
sizing enzyme, caspase-1, impaired kindling ep-
ileptogenesis (Ravizza et al. 2008b). Pharmaco-
logical inhibition of either IL-1b directly by the
peptide antagonist anakinra or the inhibition of
caspase-1, achieved neuroprotection in two
models of experimental status epilepticus
(Noe et al. 2013), whereas epileptogenesis was
not sufficiently mitigated, the latter probably
related to the administration of those agents
well into the course of status epilepticus. Over-
all, inflammation, especially IL-1b, also seems
to participate in a positive feedback loop. Thus,
the enhanced IL-1b signaling may play a role in
treatment resistant depression. Consistent with
that idea is the finding that fluoxetine resistance
in epileptic rats (Mazarati et al. 2008) could be
overcome by low dose treatment with an antag-
onist of IL-1R1 by normalizing the 5-HT1A au-
toreceptor function (Pineda et al. 2012).
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CONCLUDING REMARKS

The data reviewed the idea that both epilepsy
and depression are linked by a number of sys-
tems, such as the HPA axis, the immune system,
and neurotransmitter systems. In this discus-
sion, we focused on depression as the comor-
bidity and the serotonergic system as the most
immediately relevant neurotransmitter system.
Emerging findings suggest noradrenergic sys-
tems to be an important link between epilepsy
and ADHD, another common comorbidity in
PWE (Pineda et al. 2014).

Figure 1 is a schematic to illustrate how both
inflammation and the HPA axis serve to link
epilepsy and depression, both directly, and by
leveraging neurotransmitter mechanisms. The
presence of positive feedback loops (“vicious
circles”) makes it difficult to identify primary
and secondary, although we have given the slant
of visualizing epilepsy at the primary disorder
and depression as a consequence, disclosing the
bias of the epilepsy specialist and scientist. In-
deed, it is possible to have an underlying cause,
genetic or acquired (status epilepticus, traumat-
ic brain injury, autoimmune disorder involving
the brain), in which epilepsy and depression (or
other comorbidities involving attention, cogni-
tion) may develop independently and concur-
rently, but can also exacerbate each other by
the mechanisms reviewed here. Thus, in animal
models, creation of one disorder (epilepsy) may
give rise to another (depression, ADHD); be-

cause we know the comorbidity did not preex-
ist, we can conclude that the deliberate creation
of one disorder (epilepsy) resulted in the emer-
gence also of the other (the comorbidity of de-
pression). The pathways delineated in Figure 1
show how each disorder can influence and ex-
acerbate the other, thus reconciling laboratory
observations with the findings from epidemio-
logic studies. The study of these intertwined
mechanisms serves to both identify novel bio-
markers and novel targets for intervention. Less
is known about the role of the opioid system
(not included in the figure), despite the tanta-
lizing and teleologic perspective that if it
evolved to help the organism adapt to pain
and, especially stress, it may represent a negative
feedback system with the promise of ameliorat-
ing both epilepsy and depression. At the mo-
ment, this is much farther removed form a ther-
apeutic realm, compared with manipulations
of the inflammatory system, the HPA axis, or
the neurotransmitter—the last mentioned rep-
resenting the road well traveled.
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Figure 1. Interactions between neuroendocrine, neurotransmitter, and inflammatory mechanisms. HPA,
hypothalamic–pituitary–adrenal; 5-HT, serotonin; SE, status epilepticus; TBI, traumatic brain injury.
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López JF, Chalmers DT, Little KY, Watson SJ. 1998. Regula-
tion of serotonin1A, glucocorticoid, and mineralocorti-
coid receptor in rat and human hippocampus: implica-
tions for the neurobiology of depression. Biol Psychiatry
43: 547–573.

Lothe A, Didelot A, Hammers A, Costes N, Saoud M, Gil-
liam F, Ryvlin P. 2008. Comorbidity between temporal
lobe epilepsy and depression: A [18F]MPPF PET study.
Brain 131: 2765–2782.

Lu KT, Gean PW. 1998. Endogenous serotonin inhibits ep-
ileptiform activity in rat hippocampal CA1 neurons via
5-hydroxytryptamine1A receptor activation. Neuroscience
86: 729–737.

Mague SD, Pliakas AM, Todtenkopf MS, Tomasiewicz HC,
Zhang Y, Stevens WC Jr, Jones RM, Portoghese PS, Car-
lezon WA Jr. 2003. Antidepressant-like effects of k-opioid
receptor antagonists in the forced swim test in rats. J
Pharmacol Exp Ther 305: 323–330.

Martinez A, Finegersh A, Cannon DM, Dustin I, Nugent A,
Herscovitch P, Theodore WH. 2013. The 5-HT1A recep-
tor and 5-HT transporter in temporal lobe epilepsy. Neu-
rology 80: 1465–1471.

Mayberg HS, Sadzot B, Meltzer CC, Fisher RS, Lesser RP,
Dannals RF, Lever JR, Wilson AA, Ravert HT, Wagner HN
Jr, et al. 1991. Quantification of m and non-m opiate
receptors in temporal lobe epilepsy using positron emis-
sion tomography. Ann Neurol 30: 3–11.

Mazarati A, Siddarth P, Baldwin RA, Shin D, Caplan R,
Sankar R. 2008. Depression after status epilepticus: Be-
havioural and biochemical deficits and effects of fluoxe-
tine. Brain 131: 2071–2083.

Mazarati AM, Shin D, Kwon YS, Bragin A, Pineda E, Tio D,
Taylor AN, Sankar R. 2009. Elevated plasma corticoste-
rone level and depressive behavior in experimental tem-
poral lobe epilepsy. Neurobiol Dis 34: 457–461.

Mazarati AM, Pineda E, Shin D, Tio D, Taylor AN, Sankar R.
2010. Comorbidity between epilepsy and depression:
Role of hippocampal interleukin-1b. Neurobiol Dis 37:
461–467.

Muller N, Myint AM, Schwarz MJ. 2011. Inflammatory bio-
markers and depression. Neurotox Res 19: 308–318

Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ. 2002. Neurobi-
ology of depression. Neuron 34: 13–25.

Noe FM, Polascheck N, Frigerio F, Bankstahl M, Ravizza T,
Marchini S, Beltrame L, Banderó CR, Löscher W, Vezzani
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Zieglgänsberger W, French ED, Siggins GR, Bloom FE. 1979.
Opioid peptides may excite hippocampal pyramidal neu-
rons by inhibiting adjacent inhibitory interneurons.
Science 205: 415–416.

Zobel A, Wellmer J, Schulze-Rauschenbach S, Pfeiffer U,
Schnell S, Elger C, Maier W. 2004. Impairment of inhib-
itory control of the hypothalamic pituitary adrenocorti-
cal system in epilepsy. Eur Arch Psychiatry Clin Neurosci
254: 303–311.

Zubieta JK, Ketter TA, Bueller JA, Xu Y, Kilbourn MR, Young
EA, Koeppe RA. 2003. Regulation of human affective
responses by anterior cingulate and limbicm-opioid neu-
rotransmission. Arch Gen Psychiatry 60: 1145–1153.

Mechanisms Underlying Epileptogenesis and Its Comorbidities

Advanced Online Article. Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a022798 17

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




