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Abstract

— It is widely accepted that cytokines,
such as interfeukin-1 (IL-1), interleukin-6
(IL-6), tumor necrosis factor (TNF), etc,
produced not only by cells of the immune
system -but aso by cells of the centra
nervous system to modulate central function.

(Qur previous observation indicates that the

enhancement of endogenous cytokine, IL-1
in four discrete brain structures, acting
physiologicdly as a neuromodulator,
mediates the increase of slow wave sleep in
response to the blockade of centra
corticotropin-releasing  hormone  (CRH)
actions (). 1L-1 alters sleep-wake activity via
signal transduction cascades of NF-kB and/or
nitric oxide (NO) (. This proposal focuses
on the actions of cytokines in the
regulation/modulation of epileptic activity,
since we are aware of literature indicating
that seizure enhances cytokines expression in
the central nervous system (7g13,14,15.16) OF N
the peripheral (1), and that the enhancement
of endogenous cytokines may be involved in
seizure-associated process. However, it still
remains controversial on how and whether
cytokines  exhibit  neuroprotective  or
epileptogenetic  actions  after  inducing
el ectroencephal ographic (EEG) seizures.
Sleep was used as an indication to



evaluate cytokine's neuroprotective or
epileptogenetic actions, and amygdaloid
kindling was applied to mimic temporal lobe
seizure. Kindling stimulation was given at
the beginning of the dark onset everyday for
4 weeks until reach Racine's stage 5 seizure
scale. Our result indicates that the mRNA
expression of IL-1la, -1b, and TNF-a in
hippocampus and cortex are increased

at hour 1 and hour 2 after the dark onset.

Time spent in slow wave sleep (SWS)
during the 12-h dark period increases
and it could be blocked by ICV
administration of IL-1  receptor
antagonist (IL-1 ra) in a dose-dependent
manner. These results suggest that the
increased central cytokines induced
after kindling contribute to the
alteration of sleep activity, and the
incremental SWS implies the
neuroprotection of cytokines.
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The term cytokine refers to a group of
regulatory proteins that are produced by a
large number of cell types in response to a
variety of stimuli, and include substances
such as the interleukins (IL), tumor necrosis
factor (TNF), and “interferons (IFEN):
Cytokines are key mediators of many of the
physiological responses to infection or
trauma, and these responses are collectively
referred to as the acute phase response. The
role of cytokines in the complex
physiological “changes of the acute phase
response has 'been extensively reviewed
elsewhere (5. The behavioral changes
associated with the acute phase response
include altered vigilance. Cytokines however
have been reconsidered as a neurotransmitter
and/or neuromodulator, since evidence
indicates that the gene coding for theses
cytokines and their accessory proteins are
expressed by neurons, in addition to glid
cells, in normal brain [see review (17]. In
addition, the cytokine receptors are present
on al neura cel types in response to its
signal. A great deal of evidence suggests that
cytokines involves in the regulation of sleep

behavior via signal transduction cascade of
NF-kB and nitric oxide (NO) . Blockade
of IL-1 action by IL-1 receptor antagonist
(IL-1 ra) 10 or neutralized IL-1 by antibody
@11 reduces spontaneous deep. This
indicates that cytokines likely modulate in
the brain behavior of a norma organism.
Evidence aso suggests that cytokines may
involve in synaptic plasticity, neural
transmission, and calcium signal [see review
anl.  Thus, these observations strongly
suggest that cytokines perform neura
functions in normal brain, in addition to their
predominant role as inflammatory mediators.

Some observations indicate  that
EEG-seizure induces an increase in cytokine
expression. For example, focal application of
kainic acid or - bicuculline induces
EEG-seizure  and enhances  IL-1b
immunoresactivity ' 1.  In addition, an
audiogenic seizure induced by noninvasive
sensory stimuli on the DBA/2J audiogenic
seizure-susceptible mouse strain increases
IL-la expression .in hypothaamus ().
Furthermore, evidence indicates that cytokine
production increases in peripheral (12 or in
brain s in human subject. These
observations suggest arole of cytokinesin an

adaptive mechanisms associated with
generalized  seizure  activity,  with
{implications for neuroprotection, neural

dysfunction, or vulnerability associated with
epileptic activity. However, it remains
controversial on whether the enhancement of
central cytokines induced by EEG-seizure
involves in neuroprotection or
epileptogenesis. Evidence supports cytokines

implicated in neuroprotection such as
transforming growth factor (TGF)-beta, a
cytokine implicated in  metabotropic
glutamate receptor 3-mediated

neuroprotection, was upregulated during the
first three weeks after status epilepticus
throughout the hippocampus (1. However,
observation that intrahippocampally injection
of human recombinant IL-1b 10 min before
kinate enhances the time spent in seizure (16
indicates cytokines may contribute to the
epileptogenesis. Furthermore, IL-1b has been
reported to inhibit post-synaptic NMDA
receptors (4, but other suggests that the
neurotoxicity induced by TNF-a or IL-1b is
mediated by NMDA receptors to increase



nitric oxide (NO) production 3. Therefore,
this proposal is trying to further identify the
action of central cytokines induced by
amygdaloid kindling.

Racine's stage 5 seizure appears after 3-
to 4-week kindling stimulation given at
20-min before the dark onset of 12:12h light
dark cycle everyday. Rats were sacrificed at
1 hour and 2 hours after the beginning of
dark period, and series of cytokine mRNAS
were detected by ribonuclease protection
assay (RPA). Our result indicates increases of
IL-1a, -b and TNF-a mRNAs in
hippocampus and cortex at both hour 1 and
hour 2 after dak onset (Figure 1).
Expressons of IL-la mRNAs (value
represents optic density [O.D.] £ SEM) were
increased from 0.78 + 0.22 to 252 + 04
(independent-samples T-test, p<0.05), and
from 108 =+ 017 to 295 + 0.23
(independent-samples  T-test, p<0.05) in
hippocampus a hour 1 and hour 2,
respectively. In cortex, IL-1la mRNA was
increased from 1.02 + 0.09 to 2.89 +0.32
(independent-samples T-test, p<0.05), and
from 105 + 012 to 295 + 043
(independent-samples T-test, p<0.05) at hour
1 and 2, respectively. IL-1b- mRNA was
significantly altered in cortex at hour 1 and
hour 2, OD increases from 2.05 + 0.43 to
6.95 + 252 (independent-samples  T-test,
p<0.05), and from2.01 + 0.21t07.97+ 1.24
(independent-samples. " T-test,  p<0.05),
respectively. There was a strong tendency for
an increase in IL-1b mRNA expression in
hippocampus at hour 1 and 2. In contrast,
IL-6 mMRNA was variably detected in both
brain areas. TNF-a mMRNA expression was
not consistently altered by kindling, although
there was an increase tendency for TNF-a in
hippocampus a hour 1 after kindling
protocol (Table 1). These results suggest
certain cytokines, such as IL-1a and -1b in
the brain, especidly in the areas of
hippocampus and cortex, are altered during
the dark period after kindling seizure
developed.

In addition, we found that SWS was
increased during the 12-h dark period after

the kindling protocol; the time spent in SWS
increases from 23.77 + 2.18 % to 32.08 +
1.60 % (ANOVA, p<0.05, Figure 2A) and the
time spent in wakefulness decreases from
7229+ 2.48%t065.90+ 1.87 % (ANOVA,
p<0.05, Figure 2A). The total time spent in
REM deep was not altered by kindling
protocol. ICV administration of 1L-1 receptor
antagonist (IL-1ra) dose-dependently blocks
the deep dteration induced by kindling
(Figure 3). High dose (100 ng) of IL-1ra
significantly reduces the total time spent in
SWS from 32.08 + 1.60 % to 21.59 + 1.45
% (ANOVA, p<0.05 Fgure 2B) and
increases wakefulness from 65.90 £ 1.87 %
to 77.86 + 152 %  (ANOVA, p<0.05,
Figure 2B). REM slegp was aso reduced by
ICV IL-lra These results provide
pharmacologicaly  the involvement of
increased cytokines, especialy IL-1 in brain
contributing/ to the  kindling-induced
sleep-wake alteration.

Sleep could be served as indication to
evauate the neuroprotective or
epileptogenetic actions of cytokines induced
after kindling protocol. It's well known that
SWS increases after infected by pathogen
and the increase of SWS is essential for
animal to recover from infectious state. The
infection-induced increase of SWS could be

‘mimicked by ICV administration of IL-1 and

could be blockade by IL-1ra and/or
suppressed by anti-IL-1b antibody. Increase
of SWS avoids animals from the
environmental harm and restores energy; in
addition, the increase of IL-1 also elevates
thermoregulatory set point and consequently
increases body temperature and inhibits
growth of pathogens. Although IL-1 action in
peripheral primarily mediates inflammation,
in the central nervous system IL-1 possesses
a protective action during the recovery period
after infection. Therefore, our results might
suggest the protective action for IL-1 induced
by kindling because of the contribution of
IL-1in SWSincrease.

Our results suggest that amygdaloid
kindling given a 20 min prior to the
beginning of dark period induces increase of
cytokines, such as IL-1a and —1b, at hour 1



and hour 2 during the active period (dark
period). The increase of IL-1 might
contribute to the subsequent enhancement of
SWS because of blockade of this incremental
SWS by IL-1ra. Conclusively, present results
provide the possibility of protective action of
central cytokines induced after amygdaloid
kindling protocol. However, a more detail of
electrophysiological study needs to be
conducted to further investigate the possible
cellular mechanisms of central cytokines.
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Figure 1. Alterations of cytokine mRNA expression during the dark period after
amygdaloid kindling development.
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Figure 2. The effects of IL-1 receptor antagonist (IL-1ra) on the ateration of sleep-wake
activity induced by amygdaloid kindling.
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Figure 3. IL-1ra dosedependently blocks Amygdal oid kindling-induced SWS enhancement
during the dark penod
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