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Abstract Stressful life events cause a variety of conditions affecting cerebral and
neuroendocrine functions. Repeated stressful events also may determine sensiti-
zation leading to an increase in responsiveness to stress stimuli. Recent findings
suggest that cognitive and emotional dysregulation related to traumatic stress
likely is linked to defective inhibitory functions that may also lead to temporo-
limbic seizure-like activity, increased vulnerability to stressors, and dysregulated
asymmetry in neural activity patterns that may influence interhemispheric disso-
ciation. Together recent data show that dysregulation in the brain asymmetry and
mental functioning may be caused by stress-related activation that can influence
also the peripheral endocrine glands through the HPA axis and other pathways

connecting the CNS and the target endocrine glands.

INTRODUCTION

Traumatic or stressful events are related to
extremely negative afect that is not congruent with
current cognitive scheme and is split off from con-
sciousness with resulting inner conflict, contra-
dictory tendencies and traumatic memory (van
der Kolk and van der Hart, 1989; Putnam, 1997; Bob,
2003a,b). Stressful life events cause a variety of
conditions affecting cerebral and neuroendocrine
functions and one of the typical reactions are dis-
turbances of self-regulatory systems such as hypo-
thalamus-pituitary-adrenal axis (HPA) resulting
in hyperarousal, tachycardia, autonomic nervous
system instability, neuroendocrinological balance
and control hormonal levels, energetic metabo-
lism, and neuroimunnomudolation during stress
reaction (Payne et al., 2006; Umegaki et al., 2006;

.........................

Newport and Nemeroff, 2000; Teicher et al. 2003;
Bob et al., 2007a,b; Fisar and Raboch, 2008).
Repeated stress also determines functional
defects in the hippocampus that lead to decreas-
ing inhibitory control of the hippocampus on the
HPA axis and cause a positive feedforward cascade
of glucocorticoide levels (Bao et al., 2007). Recent
data indicate that most serious disturbances of
HPA axis caused by traumatic events such as child-
hood abuse or neglect in the first years of life often
have long-term impact on emotional, behavioral,
cognitive, social and physiological functions and
vice versa love and social care also may influence
these functions and improve dissociative distur-
bances (Ito et al., 1998; Teicher et al. 2003; Read et
al., 2001; Esch and Stefano 2007; Stefano and Esch,
2007). These neuroendocrinological and neuro-
physiological dysfunctions related to trauma cause
memory disturbances, dissociation and also a vari-
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ety of somatic symptoms that have a profound role in
the long-term adaptation to traumatic experience and
lead to a lack of integration of somatoform components
of experience, reactions, and functions (Nijenhuis et al.,
1996, 2004; Bowman and Coons, 2000).

Repeated stressors and reexperiencing of the trau-
matic event in childhood often cause the delayed effects
of severe psychological trauma that lead to enhancement
of the self-preservative catecholamine states related to
anger, fear, meaninglessness and a blunting of the emo-
tional responses of the attachment behavior associated
with dysfunction of the locus coeruleus, amygdala and
hippocampal systems (Henry, 1992, 1997).

Repeated stressful events also may determine sensiti-
zation leading to an increase in responsiveness to stress
stimuli resulting to significantly increased vulnerabil-
ity to stressors that have more lasting consequences
with kindling-like progression (Post et al., 1995; Post
and Weiss, 1998; Kraus, 2000). The kindling-model of
stress-related sensitization (Post et al., 1995) seems to be
in agreement with suggestive evidence that stress may
influence significantly increased occurrence of EEG
abnormalities that have been reported in significantly
traumatized patients mainly in the frontotemporal
region, which consisted of spikes, sharp waves, or par-
oxysmal slowing, predominantly in the left hemisphere
(Teicher et al., 1993, 2003, 2006; Putnam, 1997; Ito et al.,
1993). Stress-related sensitization has been proposed to
cause changes in GABA postsynaptic receptors that may
lead to overstimulation of neurons mainly in the limbic
system, resulting in limbic system irritability manifest-
ing as markedly increased prevalence of symptoms sug-
gestive of temporal lobe epilepsy (Teicher et al., 2003,
2006; Post et al., 1995; Bob, 2007). Recent data strongly
suggest that traumatic stress may determine limbic irri-
tability and temporal-limbic seizure-like activity (Tei-
cher et al., 2003, 2006; Spigelman et al., 2002; Bob et al.,
2005, 2007¢) and close link between limbic irritability
and defects in cerebellar vermis has been reported (Tei-
cher et al., 2003, 2006; Anderson et al., 2002).

These findings suggest that cognitive and emotional
dysregulation related to traumatic stress likely is linked
to defective inhibitory functions that may also lead to
temporo-limbic seizure-like activity. This epileptic-like
process may emerge in the form of symptoms similar
to ictal temporal lobe epilepsy such as somatic, sensory,
behavioral and memory symptoms that may occur also
in nonepileptic conditions (Teicher et al., 2003, 2006;
Silberman et al., 1985; Roberts et al., 1992; Hines et al.,
1993).

TRAUMATIC STRESS, KINDLING AND
TEMPORO-LIMBIC ASYMMETRY

Reported evidence that confirms the relationship
of temporal lobe abnormalities and pathological dis-
sociation (Ahern et al., 1993; Putnam, 1997; Sierra
and Berrios, 1998; Teicher et al., 2003; Bob, 2003) in

non-epileptic conditions is consistent with data that
the dissociative symptoms in temporal lobe epilep-
tics occur during interictal periods and not during the
ictal state (Spiegel, 1991). The relationship between
dissociation and epileptic activity likely may explain
influence of repeated stressful events that lead to an
increase in responsiveness to a stress stimuli resulting
from repeated stressors with kindling-like progression
(Post et al., 1995; Putnam, 1997; Teicher et al., 2003).
The kindling-model of stress-related sensitization also
seems to be in agreement with suggestive evidence that
stress may influence significantly increased occurrence
of EEG abnormalities (Teicher et al., 2003).

There are good reasons for using limbic kindling as
a model of epileptogenesis in focal human limbic epi-
lepsy or complex partial seizures with secondary gener-
alization (Adamec, 1990, 1997; Albright and Burnham,
1980; Loscher et al., 1986). This concept is supported
by findings of repeated electrical stimulation in human
hippocampus that caused an epileptic disorder, which
was not present before the experiment and similar
data of kindling in thalamus were reported (Adamec,
1990, 1997; Sramka et al., 1977; Monroe 1982). Another
reason is the evidence that time-dependent spread of
epileptic excitability occurs independently on tissue
pathology as a consequence of organic damages (Ada-
mec, 1990, 1997). According to some findings damage
creates kindling stimulus that leads to a seizure disor-
der and the delay between trauma and onset of seizures
in humans is consistent with the hypothesis (Adamec,
1990). These findings are also supported by reported
cases of successful prophylactic anticonvulsant therapy
following head trauma with neurological signs of brain
damage that reduce the incidence of an epileptic dis-
order development (Adamec, 1990, 1997; Servit and
Musil 1981).

Kindling may be also used as a concept for expla-
nation of psychopathological processes as a mirror of
altered limbic functions. In manic depressive psychosis
the role of kindling was hypothesized in the study of
influence of carbamazepin on mood and its anticonvul-
sant and antikindling effect that is in agreement with
the anticonvulsant effect of carbamazepin in complex
partial seizures and also its influence on mood of these
patients (Adamec, 1990, 1997). Likely the effectiveness
of carbamazepin in the treatment of manic depressive
disorder in nonepileptics is due to its limbic anticon-
vulsant properties that suggest limbic neural mecha-
nism underlying manic depressive disorder (Adamec,
1990, 1997; Dalby, 1975). Dopaminergic hypothesis
of schizophrenia provides similar results that show
schizophrenic symptoms as consequences of hyperdo-
paminergic kindling in mesolimbic dopaminergic sys-
tem (Adamec, 1990, 1997). Some findings also suggest
the effect of limbic seizures on dopaminergic functions
(Adamec, 1990, 1997) and a relationship of reciprocity
between that kindling in mesolimbic dopaminergic and
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similar EEG activity in temporal neocortex in patients
with temporal lobe epilepsy (Pakalnis et al., 1988).

The concept of kindling as a model for psychopa-
thology is also in accordance with recent findings that
schizophrenia as well as depression are related to a loss
of physiological balance between excitation and inhi-
bition (Stevens, 1999). The significant loss of physi-
ological equilibrium is observed also in epilepsy that
is linked to over-excitation whereas schizophrenia or
depression are likely connected to over-inhibition in
the structures of the limbic system. In epilepsy, the nor-
mal equilibrium between excitation and inhibition per-
manently alters by repeated focal excitation or kindling,
resulting in a permanent state of excessive focal excit-
ability and spontaneous seizures (Stevens 1999; God-
dard et al., 1969). Recent findings indicate that similar
“kindling” or sensitization may originate in inhibitory
systems in response to focal physiological pulsed dis-
charges of limbic and hypothalamic neurons and this
excess of inhibitory factors may then manifest as a psy-
chosis (Stevens, 1992, 1999). Similar situation is also
in depression because of decreased activity of sero-
tonin, norepinephrine, dopamine, and GABA that may
facilitate the kindling process (Kanner and Balabanov,
2002).

These findings are in accordance with reported
cases of forced normalization or alternative psychosis
in which decreasing epileptic symptomatology is linked
to increased psychopathology in the form of psychosis
or depression and vice versa (Jobe et al., 1999; Krish-
namoortthy et al., 2002). The kindling in inhibitory sys-
tems might also explain occurrence of complex partial
seizure-like symptoms in psychiatric patients because
of close relationship among traumatic stress, dissocia-
tion and complex partial seizure-like symptoms (Bob,
2007; Bob et al., 2005, 2006). These data suggest the rel-
evance of the kindling model of dissociative states as
a consequence of repeated traumatic stress (Post et al.,
1995; Putnam, 1997) in various psychiatric conditions
such as depression or schizophrenia.

Above findings support the kindling hypothesis for
explanation of several neurobiological mechanisms of
repeated traumatic stress in etiopathogenesis of psy-
chiatric disorders and are also in accordance with pub-
lished data that document lateralized temporal-limbic
dysfunction in patients with schizophrenia and depres-
sion, likely caused by subclinical electrophysiological
dysfunction (Hugdahl, 2001). According to findings
by Gruzelier and Venables different schizophrenic syn-
dromes may be related to asymmetry of limbic func-
tioning and overactivation most probably in the left
hemisphere (Gruzelier and Venables, 1974; Gruzelier,
1983). Flor-Henry (1969) reported asymmetries of
bilateral electrodermal activity (EDA) in schizophre-
nia in the form of observable differences between the
left- and right-hand recordings and described an asso-
ciation between dysfunction in the left temporal lobe
and schizophrenia which has been supported also by

recent brain imaging studies (Hugdahl, 2001). Flor-
Henry also found that psychotic patients with predomi-
nantly schizophrenic symptoms had a high incidence of
epileptic foci in the left temporal lobe while depressive
patients had a high incidence of foci in the right tempo-
ral lobe (Flor-Henry, 2003; Hugdahl, 2001). This asso-
ciation between unilateral hemispheric dysfunction,
ipsilateral temporal-limbic epileptic focus (Flor-Henry,
2003; Shulman, 2003; Hugdahl, 2001) and EDA asym-
metry is in accordance with recent evidence that EDA
is governed mainly by limbic modulation influences
and correlates with amygdala activity (Mangina and
Beuzeron-Mangina, 1996; Critchley, 2002; Phelps et al.,
2001). Additionally, recent data reported in intracra-
nial study by Mangina and Beuzeron-Mangina (1996)
indicate that increased activity in the limbic structures
caused by electrical stimulation relates to increased
ipsilateral EDA.

EDA asymmetry in the patients with temporal epi-
lepsy is in agreement with findings of unilateral electro-
physiological dysfunction that predominantly occurs
on the left (dominant hemisphere) in schizophrenia
and on the right (non-dominant) in depression (Daw-
son et al., 2000; Hugdahl, 2001). With respect to similar
findings in epileptic patients with left or right temporal
foci related to schizophrenia and depression, reported
EDA dysfunction, predominantly on the left in schizo-
phrenia and on the right in depression, may relate to
epileptic-like activity and kindling (Flor-Henry, 1969,
2003). Because of the great sensitivity of EDA on emo-
tional stress, it is possible to suppose that traumatic
stress in schizophrenia and depression is related to elec-
trodermal dysfunction because of the asymmetry that
was not observed in the healthy control group (Bob et
al., 2007¢,d). These findings support possible relation-
ship between temporal-limbic dysfunction measured
by EDA and traumatic stress related to sensitization and
kindling mechanism. Results of these studies are also in
accordance with recent findings that schizophrenia and
depression have a close relationship to a loss of physi-
ological balance between excitation and inhibition,
which leads to autonomic hyperarousal in paranoid
schizophrenia and hypoarousal in depression.

The findings discussed above in the context of kin-
dling, traumatic stress and dissociation might explain
lateralized right hemispheric sympathetic under-acti-
vation in depression or left hemispheric sympathetic
over-activation in schizophrenia because of asymmetric
autonomic control within the brain. The left hemisphere
affects predominantly parasympathetic functions, while
the right hemisphere predominantly governs the sym-
pathetic functions (Hilz et al., 2001; Avnon et al., 2004).
This is in accordance with several findings in schizo-
phrenia, which suggest that psychotic states affect the
autonomic nervous system and suppress the parasym-
pathetic function without affecting sympathetic func-
tion (Toichi et al., 1999; Takahashi et al., 2003, 2005).
These data are consistent with the above hypothesis of
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the kindling in inhibitory systems because of repeated
emotional disturbances. Lateralized activation of left-
sided inhibition in schizophrenia due to kindling may
lead to suppression of parasympathetic function with-
out affecting sympathetic function and vice versa in
depression in which right-sided inhibition may lead to
suppression of sympathetic function without affecting
parasympathetic function as is evident from electroder-
mal measures indicating lowering of sympathetic activ-
ity in depression. This interpretation is consistent with
several findings that emotional stress may lead to two
predominant forms of stress response. The first form of
stress response leads to predominant sympathetic influ-
ences and the second form of stress response relates to
predominant parasympathetic functions (Ul'yaninskii,
1995; Mason et al., 2001). This corresponds to known
experience that mainly chronic stress often leads to a
passive defense and predominant parasympathetic
influences on neuroendocrine metabolic activity.

TRAUMATIC STRESS AND INTER-
HEMISPHERIC DYSFUNCTION

Above reviewed findings strongly suggest that trau-
matic stress may influence patterns of brain asymmetry
and interhemispheric dysregulation. It is in agreement
with recent findings the right hemisphere is more vul-
nerable to traumatic influences than the left (Henry,
1993, 1997). Reason for that is likely increased right
hemispheric connection with the limbic system in com-
parison with the left hemisphere. The right (more often
non-dominant) hemisphere is also more connected
with autonomic nervous system and has predominant
role in the physiological and cognitive aspects of emo-
tional processing and is more than the left specialized
for neuroendocrine and autonomic activation, for the
secretion of the stress hormones, corticotrophin releas-
ing factors and cortisol (Spence et al., 1996; Sullivan and
Gratton, 1999a,b; Wittling and Pfluger, 1990; Schore,
2001, 2002, 2005). Evidence for this lateralization pro-
vide studies dealing with the relationship between con-
ditioned fear response and amygdala function, which
show that this activation is right hemisphere dominant
(LaBar et al., 1998). Also has been reported that partial
kindling of the right and not the left amygdala induces
a long-lasting increasing in anxiety-like behavior (Ada-
mec, 1997, 1999), and that the kindling in the right
amygdala induces increased production of the cortico-
trophin releasing factors (Adamec and McKay, 1993).
Recent evidence also suggests that the right amygdala
is more involved in the storage of fearful faces and in
the expression of emotionally influenced memory of
aversive experiences with respect to the left (Morris et
al., 1999; Isenberg et al., 1999; Coleman-Mensches and
McGaugh, 1995; Schore, 2002). Certain neuropsycho-
logical studies of alexithymia also suggest a right-hemi-
spheric dysfunction linked to a defect of information
transfer across the corpus callosum that leads to a phys-

iological disconnection of the two hemispheres and
resulting inability to coordinate the affective expression
of the right hemisphere with the verbal expression of
the left hemisphere (Dewaraja and Sasaki, 1990; Schore,
2001). This dysfunction typically leads to a difficulty in
verbal expression of emotions “no words for feelings”
that is typical for alexithymia. Alexithymia is closely
related to dissociation (Kooiman et al., 2004; Sayar et
al., 2005; Frewen et al., 2006) and similar defects of
information transfer across the corpus callosum in
alexithymia (Tabibnia and Zaidel, 2005; Romei et al.,
2008) and dissociation has been observed (Spitzer et al.,
2004). This hemispheric dysfunction might indicate a
relationship between traumatic dissociation on the psy-
chological level and related “functional dissociation” of
the hemispheres. This functional dissociation accord-
ing to literature may be a form of reversible blocking of
information transfer across corpus callosum (Bogen and
Bogen, 1969). This might explain why certain dissocia-
tive symptoms are similar to symptoms in the patients
with split brain as a consequence of anatomical “disso-
ciation” between hemispheres which occur after surgi-
cal cut of corpus callosum (Ahern et al., 1993; Galin,
1974; Brende, 1984; Bob, 2003; Bogen and Bogen, 1969;
Spitzer et al., 2004). The functional dissociation might be
a defense mechanism that enables to health hemisphere
to inhibit the negative impulses from the dysfunctional
hemisphere, similarly as in psychological dissociation
that inhibits a certain negative psychological impulses,
which does not fit into current cognitive scheme. In this
context Nasrallah (1985) suggested that one of the vital
components of interhemispheric integration is the inhi-
bition of any awareness by the verbally expressive hemi-
spheric consciousness (predominantly the left) that it
actually receives and sends thoughts, intentions, and
feelings from and to another (right hemispheric) con-
sciousness. This inhibition guarantees the unity of the
right and left hemispheres into one “self” in the nor-
mal person and is disturbed in schizophrenia, because
of defective interhemispheric integration that may lead
to disinhibition of the awareness by the left hemisphere
that it is being “influenced” by an unknown “external
force”, which is in fact the right hemisphere. Schneide-
rian delusions such as thought insertion and with-
drawal and passivity feelings may be a direct outcome
of such a deficit (Nasrallah, 1985). In this context, also
Miller (1992) suggested that borderline splitting and
borderline pathology may have a neural basis because
of split between emotional and cognitive constitution
and its lateralization in the brain. Because interhemi-
spheric communication is necessary for mental unity,
childhood emotional trauma may cause the two sepa-
rate, unintegrated and alternating mental systems that
are related to congenital abnormality in brain structure
or function and may be a primary factor in borderline
pathology (Miller, 1992).
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CONCLUSION

Together recent data show that dysregulation in the
brain asymmetry and mental functioning may be
caused by stress-related activation that can also influ-
ence the peripheral endocrine glands through the pitu-
itary gland and also via direct neural pathways between
the CNS structures and the target endocrine glands.
Recent data suggest that adequate control of the tar-
get neuroendocrine structures requires asymmetry
of neural regulation and that the patterns of cerebral
asymmetry can be retroactively modified by the endo-
crine glands (Gerendai and Halasz, 2001). Recent data
from animal models indicate that there is a functional
asymmetry in the medial prefrontal cortex concerning
neuroendocrine and autonomic stress responses and
that both prestress and acute restraint stress-induced
plasma corticosterone levels are lower in animals with
right or bilateral lesion of the medial prefrontal cortex
(Gerendai and Halasz, 2001; Edwards et al., 2000). In
the context of kindling and lateralized epileptiform dis-
charges there are also clinical data suggesting the asym-
metry of the temporal lobe in the control of peripheral
glands related to reproductive functions. For example,
among women with partial seizures of temporal lobe
origin, reproductive disorders are unusually common
and was found that polycystic ovarian syndrome is pre-
dominantly associated with left-sided epileptiform dis-
charges, whereas hypothalamic amenorrhea is related
predominantly to right-sided discharges (Herzog,
1993; Gerendai and Halasz, 2001). These data suggest
that also relationship between stress and kindling may
potentially explain various dysfunctions and diseases
related to disturbed asymmetry in neuroendocrine
regulation.

An important aspect of the present findings is lat-
eralized regulation of stress responses at the level of
the mPFC that indicates close relationship between
stress or emotionality-related processes and right brain
mechanisms (Sullivan and Gratton, 1999a,b, 2002). Pre-
limbic and infralimbic regions of mPFC have an influ-
ence to visceral motor regions and autonomic function
and emotional expression, and present an important
region for the integration of neuroendocrine and auto-
nomic activity with the behavioral states and cogni-
tive processes (Sullivan and Gratton, 1999a,b, 2002).
These studies suggest that although the right mPFC
is necessary for a normal stress response and adapta-
tion, excessive activity of this region is predominantly
maladaptive. Further research regarding relationship
between stress exposure and the level of neuropsycho-
logical, autonomic and neuroendocrine asymmetry
may perspectively show other possible connections of
these processes to excessive epileptic-like neural activ-
ity that may present common neural mechanism of var-
ious levels of the stress response because of increased
neural excitabilty and dysregulated asymmetry in neu-
ral activity patterns.
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