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Abstract

topic.

Temporal Lobe Epilepsy (TLE) is one of the most frequent epilepsy syndromes associated with a high prevalence of
psychiatric disorders (PD), particularly depression and anxiety. Stress levels associated with depression and anxiety can be
related to alterations in glucocorticoid receptors, which play a role in hippocampal formation. In this study, we systematically
reviewed the role of glucocorticoids acting by binding to their receptors in the temporal lobe of patients with TLE associated
with depressive and anxiety disorders. The PubMed, PsycINFO, and Scielo databases were searched for relevant articles
published in the last ten years. There have been relatively few published studies with different methodologies and contradicting
conclusions regarding the association between TLE, depression, anxiety, and glucocorticoid receptors. Four articles were selected
for this review after applying the inclusion and exclusion criteria. This indicates the necessity for more investigations into this
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Introduction

Temporal lobe epilepsy (TLE) is one of the most
prevalent chronic epilepsy syndromes in adults [1-4]. It is drug-
resistant, with positive results for seizure frequency after
surgical procedures [5]. In addition, this disease is
characterized by different patterns of loss of hippocampal
neurons and in adjacent temporal lobe structures, particularly
the loss of pyramidal cells in Ammon's horn [6].

TLE has been associated with psychiatric disorders,
with prevalence rates ranging from 20-40% to 70% in drug-
resistant patients. Among the most frequently diagnosed
psychiatric comorbidities are major depression, anxiety,
psychotic disorders, and personality disorders [7-10].

Different factors, such as stress, can precipitate seizures
[11]. Studies have shown that 30 — 60% of patients with
epilepsy self-report stress as a seizure precipitant [12-16].
Stress is characterized by a combination of physiological and
psychological effects caused by a state of heightened arousal,
awareness, and anxiety. Environmental or psychological
stimuli can be described as stress-precipitating events for
seizures in individuals with epilepsy, including sleep
deprivation, changes in menstrual status, photosensitivity,
substance abuse, and/or psychiatric disorders [17]. Studies
have also observed that depressive and anxiety disorders are
considered the most frequent psychiatric disorders in
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individuals with epilepsy [18-22]. Also, anxiety disorders are
more prevalent in patients with drug-resistant TLE than in
patients with other epilepsies [8,23].

Given the data cited above, we analyzed the studies that
investigated the interaction of glucocorticoids with their
receptors in psychiatric disorders in TLE patients.

Methods

The systematic review is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher et al., 2010).

Search Strategy

A comprehensive PubMed, PsycINFO, and Scielo
databases search was conducted from their inception to
December 2023 using a combination of terms related to
investigating the role of glucocorticoid receptors active in
patients with epilepsy and/or TLE associated with depression
and/or anxiety. The following terminology was applied:
(“epilepsy” OR "temporal lobe epilepsy") AND ("depression"
OR "anxiety") AND ("cortisol" OR “glucocorticoid receptors”
OR “mineralocorticoid receptors”).
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Eligibility

In this study, only studies involving humans were
conducted. Studies were included if: 1) report a quantitative
analysis exploring the relationship between anxiety and/or
depression, epilepsy/TLE, and glucocorticoid receptors; 2)
present a relationship between the original data and the study
question; 3) cross-sectional of prospective design; 4) were
published in English in a peer-reviewed journal.

Identified these studies were selected and excluded by
examining the titles, abstracts, or full-text articles. Studies that
did not address the association between depression and/or

Author Mental Disorder Subjects

Afifi et al., Depression TLE patients with

[45] depression

Busch et al., = Depression TLE patients

[43]

Cano-Ldpez = Depression and TLE patients with

etal., [44] anxiety drug-resistant
epilepsy.

D’Alessio et | Depression TLE patients with

al., [33] depression

anxiety, epilepsy/TLE, and glucocorticoids were excluded, or
some of the items listed above.

Screening and Selection

Study screening was shared by two reviewers (GML and
FC). The two reviewers independently assessed all titles and
abstracts. Next, the full text of all potentially relevant articles
was retrieved and assessed for inclusion by one reviewer
(GML). At bhoth stages, the discrepancies were resolved by a
third reviewer (GAMF).

Results

Elevated levels of prolactin and cortisol, and reduced serum
testosterone.

Depressed patients had higher
nondepressed.

Higher cortisol levels were associated with impairment in
tests of delayed verbal memory, weaker immediate and
delayed visual memory, and greater trait anxiety.

Patients with smaller hippocampal volumes showed impaired
performance on a word list learning task.

Patients with low immediate and delayed memory
performance showed higher cortisol levels.

Memory performance was negatively related to cortisol
levels and trait anxiety.

Reduced Glucocorticoid
neuronal and glial cells.
The reduced ratio between the number of GR/NeuN cells was
correlated negatively with the depression severity.

cortisol levels than

receptor (GR) expression in

Table 1: Summary of studies on the interaction of glucocorticoids with their receptors in psychiatric disorders in ELT patients.

Results

The electronic database search retrieved 68 articles.
After removing duplicates, 61 articles remained, based on title
and abstract. Of these, 40 did not meet the inclusion criteria.
The full text of the remaining 21 articles was assessed for
eligibility. Overall, four articles were eligible and included (see
Table 1). Study characteristics of removing articles were one
book chapter, one dissertation, 13 reviews that did not establish
a relationship between the variables in the work question, and

two that did not assess anxiety and/or depression and epilepsy
(Figure 1).

Characteristics of the studies

The characteristics of the selected studies are
demonstrated in Table 3.

Author Subject Epilepsy Psychiatric/Neuropsy Analysis
Assessment chological
Assessment
Afifiet = 20 patients with epilepsy without Not related Ham-D EEG; Blood samples
al., [45] depression; 20 patients with (prolactin,
epilepsy; 20 healthy control testosterone, thyroid
hormones, and
cortisol

Busch et | 24 presurgical patients with drug EEG and MRI RAVLT, MAC-S, Salivary cortisol.
al., [43] resistant TLE epilepsy CES-D and STAI

Cano- 208 patients with characteristics ~ Seizure history and =~ WMS-I11l, STAI and Salivary cortisol
Lopez et based on side of seizure focus, semiology; video- BDI-II

al., [44] epilepsy type and memory EEG; MRI

competence
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D’ Alesio 26 hippocampal samples of Video-EEG and Structured Clinical Immunohistochemistr
etal., [33] @ patients with drug resistant TLE MRI Interview, DSM-1V y of GR protein
epilepsy (Axisl), Global expression

Assessment Scale of
Functioning and Beck
Depression Scale

Table 3: Characteristics of studies selected: TLE (Temporal Lobe Epilepsy); EEG (Electroencephalogram); MRI (Magnetic
Resonance Image); Video-EEG (Video- Electroencephalogram); Ham-D (Hamilton-D Scale); RAVLT (Rey Auditory Verbal
Learning Test); MAC-S (Memory Assessment Clinics Self-Rating Scale); CES-D (Center for Epidemiologic Studies Depression
Scale); STAI (State-Trait Anxiety). WMS-I1I (Wechsler Memory Scale- Third Edition); BDI-11 (Beck Depression Inventory-Il);
DSM (Diagnostic and Statistical Manual of Mental disorder-1V Axisl).

| ldentification of studies via databases and registers |

g Records identified from®™:

= PubMed (n = 39) Records remaoved before screening:
& PsylNFO (n = 22) Duplicate records removed (n= 7}
= Scielo (n=7) — -

T Registers (n = 68)

=

Records screened Records excluded by humans

in=861) — ™ n=40)

Reports sought for retrieval , | Reporis not retrieved

in=21) (n=0)

£

=

: |

S Reports excluded:

o Book chapter (n = 1)

Reports assessed for eligibility D Dissertation (n = 1)

(m=21} Review did not establish a relationship
between the variables in the work
question. (n=13)

Did not assess anxiety andfor deprassion
and epilepsy (n = 2)
Studies included in review
3 (n=4}
= Reports of included studies
g (n=0}

Figure 1: PRISMA diagram summarizing the screening process for included studies.

Activation of the HPA axis in response to stress is
essential for survival [24]. Once a stressful situation is initiated,
hypothalamic neurons of the paraventricular neurons release
glucocorticoids in patients with TLE associated with corticotrophin-releasing hormone (CRH) directed towards the

depressive and anxiety disorders. After the selection process, ~ Nypophyseal — system,  which in  tun  releases
only four articles were eligible for inclusion. adrenocorticotrophic hormone (ACTH) from the anterior

Discussion

The present study considered the possible role of
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pituitary gland. ACTH stimulates the adrenal cortex to
synthesize and secrete GCs. GCs have two primary receptors,
GR and MR, which act on the peripheral pathway and the brain
(Figure 2) [24].

Given that GR and MR are almost identical (94%) in
their DNA-binding domains, both bind to glucocorticoid-
responsive elements in the DNA [25]. GCs in the brain affect
memory [26], the aging process [27], and the stress response
[28]. The actions of GCs are related to alterations in
neurochemical transmission, for example, serotonin turnover
(de Kloet et al., 1992), GABA uptake [29], and noradrenaline
binding density [30], which triggers changes in neuroendocrine
processes, behavior, mood [31], and seizure susceptibility [32].

Stress

HPA axixs

Corticotropin releasing
hormone (CRH)
neurons

Hypophyseal portal
system

Anterior pituitary
gland

Adrenocorticotropin
releasing hormone (ACTH)

Steroid hormones

Mineralocorticoid receptors (MR) Glucocorticoid receptors (GR)

Figure 2: Steroid hormone signaling cascade in epilepsy.

In the study conducted by D’Alessio et al. [33], they
analyzed GR expression in the hippocampal samples of three
different groups: Control, TLE patients with depression (TLE
+ D), TLE patients without depression (TLE - D), those
undergoing surgery for drug-resistant epilepsy, and a group of
hippocampal sections from autopsy control cases. The
psychiatric assessment was conducted by trained psychiatrists
using a standardized protocol for patients with drug-resistant
epilepsy. The results of this study revealed abundant GR
immunoreactivity in the nuclei of granule cells in the dentate
gyrus and pyramidal cells in the CAL region of the control
group. However, GR immunoreactivity decreased in TLE — D
patients, while the lowest expression was found in TLE + D
patients. In addition, the authors observed a negative
correlation between GR+/NeuN+ cells and depression severity
based on psychiatric history; however, no negative correlation
was found when the time of assessment was analyzed. These
data suggest that an increase in mood disorders is closely
associated with increased GC in the hippocampus, thus
reducing the number of neurons and causing HS. HS was
initially recognized 180 years ago when Sommer and Bratz
described it in a post-mortem series. They observed consistent
patterns of neuronal loss, primarily restricted to a section of the
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hippocampal pyramidal cell layer immediately adjacent to the
temporal horn of the lateral ventricle in a series of 90 post-
mortem cases [34] (for historical review consult; [35]).

Subsequently, less severe neuronal loss occurs in the
hilus and adjacent CA3 and neurons in the dentate gyrus's CA2,
subiculum, and granular cell layer [36]. With advances in brain
electrical recording techniques in the mid-20™ century, HS was
found to be associated with electrophysiological evidence of
temporal lobe seizures [37] with more significant variability in
the patterns and severity of neuronal loss [38] that occurs
during bilateral sclerosis in 48%-56% of cases [39] and may
vary from one patient to another [40]. Some authors have
suggested that HS arises from injuries early in life, resulting in
a brain lesion that is static and nonprogressive [41]. Other
authors have noted that HS may have more than one cause, with
the etiology involving a complex interaction between genetic
background and environmental insults [42], described
neuropathologically as being not just one entity but rather an
association between the severity of cell loss with the relevant
pattern [6].

Busch et al. [43] analyzed the relationships between
late-night salivary cortisol levels and completed mood, anxiety,
and memory measures in another study. Also, hippocampal
atrophy was analyzed by MRI-based volumetric analyses. In
contrast to the results found in the study of D’ Alessio et al. [33].
These authors showed that cortisol was not related to current
symptoms of depression and anxiety or hippocampal volumes.
The difference between the findings can be attributed to the
different methodologies used. D’Alessio et al. [33] used
hippocampal tissue removed from patients with refractory
epilepsy and performed immunohistochemistry to compare
with hippocampal tissues of patients without epilepsy as a
control group.

In contrast, the study conducted by Busch et al. [43]
collected salivary samples provided at midnight, and MRI-
based volumetric analyses determined the volume of the
hippocampal structure. Another point cited by the authors in the
discussion was the number of patients with clinically elevated
cortisol levels (n = 3), which may have influenced the results.

Cano-L06pez et al. [44] also used the method of saliva to
analyze the cortisol in Fifty-two adults with drug-resistant
epilepsy. The authors concluded that patients with low
immediate and delayed memory performance and left-
hemisphere focus showed higher cortisol levels, suggesting that
memory deficits in PWE drug-resistant may be influenced by
exposure to cortisol derived from chronic stress, and anxiety
could contribute to increasing vulnerability to stress.

The last study selected, conducted by Afifi and
colleagues [45], analyzed 40 patients (20 depressed, 20 non-
depressed) and 20 healthy subjects. They showed that the
effects of epilepsy and depression on cortisol may be additive.

Interestingly, we need to clarify that not only cortisol is
associated with depression, anxiety, and epilepsy. Another
factor is the disturbance of neurotransmitters; the
neuroinflammatory process is also a relationship and can be
explored more [46].

In conclusion, this review showed that only some studies
have analyzed the relationship between TLE, depression, and
anxiety after the search proposed in the methodology. These
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studies presented different analysis methods, thus finding
divergent results. Therefore, clinical studies with greater
methodological rigor, or replicating the methods already used,
are necessary to understand better how glucocorticoids act by
binding to their receptors in the temporal lobe in patients with
TLE associated with psychiatric disorders.
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