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Peripheral lipopolysaccharide (LPS) injection enhances spike-wave discharges (SWDs) in the genetic rat
model of absence epilepsy (Wistar Albino Glaxo/Rijswijk rats: WAG/Rij rats) parallel with the periph-
eral proinflammatory cytokine responses. The effect of centrally administered LPS on the absence-like
epileptic activity is not known, however despite the important differences in inflammatory mechanisms.
To examine the effect of centrally administered LPS on the pathological synchronization we intracere-
broventricularly (i.c.v.) injected LPS into WAG/Rij rats and measured the number and duration of SWDs.

ieb}:évr?ggse:pilepsy L.c.v. injected LPS increased the number and duration of SWDs for 3 h, thereafter, a decrease in epileptic
Inflammation activity was observed. To further investigate the nature of this effect, a non-steroid anti-inflammatory

Lipopolysaccharide drug (indomethacin; IND) or a competitive N-methyl-D-aspartate (NMDA) receptor antagonist (2-amino-
Indomethacin 5-phosphonopentanoic acid; AP5) was injected intraperitoneally (i.p.), preceding the i.c.v. LPS treatment.
AP5 IND abolished thei.c.v. LPS induced changes in SWDs, while AP5 extended it for 5 h. As control treatments,
both IND and AP5 application by themselves decreased the number of SWDs for 2 and 3 h, respectively.
Our results show that centrally injected LPS, likewise the peripheral injection, can increase the num-
ber and duration of SWDs in the WAG/Rij rat, and the effect invoke inflammatory cytokines as well as

excitatory neurotransmitters.
© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Recent studies suggest that there may be a link between
certain types of epilepsy syndromes and the immune system
[2,7,42,71,72,74]. In several different epilepsy syndromes patients
have increased post-ictal serum cytokine levels [64] and increased
proinflammatory cytokine levels can enhance the epileptic seizure

Abbreviations: ACSF, artificial cerebrospinal fluid; AP5, 2-amino-5-
phosphonopentanoic acid; COX-2, cyclooxygenase-2; i.c.v., intracerebroventricular;
IL-1B, interleukin-1f3; IL-1R, interleukin-1 receptor; IL-1ra, endogenous antagonist
of interleukin-1 receptor; IL-6, interleukin-6; IL-10R, interleukin-10 receptor;
IND, indomethacin; i.p., intraperitoneal; LPS, lipopolysaccharide; NMDA receptor,
N-methyl-p-aspartate receptor; NSAIDs, non-steroid anti-inflammatory drugs;
PGE,, prostaglandin E,; PTC day, post-treatment control day; REM sleep, rapid
eye movement sleep; SWD, spike-wave discharge; SWS, slow-wave sleep; TLR4,
Toll-like receptor 4; TNF-a, tumor necrosis factor-o; WAG/Rij, Wistar Albino
Glaxo/Rijswijk.
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susceptibility [12,19,60,71]. Proinflammatory cytokines such as
interleukin-13 (IL-1B) and tumor necrosis factor-a (TNF-a) are
synthesized by the glial cells in the brain [50,71,76] and it looks
that there is a functional interaction between the cytokines and
classical neurotransmitters in the brain [14,71]. In fact, the cortical
innate immune response, through IL-18 and TNF-q, increases local
neuronal excitability that can lead to epileptic seizures [57,74].
Despite the extensive studies on the interaction of proinflamma-
tory cytokines and epilepsy, the possible role of neuroinflammatory
processes in the pathophysiology of absence seizures is poorly
investigated.

LPS, the biologically active cell wall component of gram-
negative bacteria, binds to Toll-like receptor 4 (TLR4) [49] of
the innate immune system and induce proinflammatory cytokine
release from the systemic immune cells. We previously revealed
that in the genetically epileptic WAG/Rij rat strain [9] the
absence-like epileptic seizure activity was facilitated by i.p. LPS
administration, in parallel with increased cytokine levels [35].
However, LPS might have a different effect when it applied into
the brain directly [37,45,56,63]. Therefore, to examine this ques-
tion we directly injected LPS into the brain (i.c.v.) and investigated
its effect on the absence-like epileptic activity of WAG/Rij rats.
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Our results revealed, that i.c.v. injected LPS enhanced the SWD
frequency in WAG/Rij rats for 3h. To further investigate the
observed effect, the i.c.v. LPS injection was preceded by i.p. admin-
istration of IND or AP5. While IND abolished the effect of i.c.v. LPS
treatment, AP5 extended it for 5 h.

2. Materials and methods
2.1. Animals

The care and treatment of all animals conformed to Council Directive
86/609/EEC, the Hungarian Act of Animal Care and Experimentation (1998, XXVIII),
and local regulations for the care and use of animals in research. All efforts were
taken to minimize the animals’ pain and suffering and to reduce the number of
animals used.

Adult WAG/Rij male rats (8 months old; n=46) weighing 280-340 g were used.
Animals were housed under standard laboratory conditions [35]. All experiments
were done between 1.30 PM and 8.00 PM.

2.2. Implantation of animals for EEG recording, i.c.v. LPS injection and
measurement of body temperature

Rats were implanted under Halothane-air mixture (1%) anaesthesia with
0.8 mm screw electrodes for EEG recording as described earlier [34-36]. Briefly,
screw electrodes were placed into the bone above the frontal (A 2.0, L 2.1) and pari-
etal (A —6.5,L2.1) cortices [51] whereas the ground electrode was implanted above
the cerebellar cortex. Reference electrode (stainless steel plate of 3 x 4 mm, one side
insulated) was implanted under the skin and over the masseter muscle (the insu-
lated side facing to the masseter muscle). One stainless steel guide cannula (27G)
was inserted into the lateral ventricle (A —0.8, L 1.4, V 3.5) in each animals to i.c.v.
injection of LPS (Sigma; E. coli, serotype O111:B4) or artificial cerebrospinal fluid
(ACSF) by infusion pump (WPI, Germany). We verified the location of the cannula
tip in the lateral ventricle by the free outflow of cerebrospinal fluid through the
guide cannula and by histology after the experiments. Patency of guide cannula was
maintained with a sterile stainless steel dummy stylet which was removed before
i.c.v. injection.

To detect the effect of LPS on body temperature changes, all animals belonged
to the third animal group (n=6; see Table 1) were implanted with thermo-resistors
as described previously [35]. Briefly, thermo-resistors (Pt 100) were implanted onto
the surface of the skull of the animals into an aluminum holder that was placed
above the frontal bone. We measured the body temperature with a thermometer
(SUPERTECH, Hungary) in each 10 min. To measure the effect of IND and AP5 on the
body temperature and their effects on LPS induced body temperature changes, we
implanted thermo-resistors into two-two animals in group 1, group 2 and groups
4-6 (n=2-2), as it was described above. Rats were allowed to recover after surgery
for at least 2 weeks.

2.3. EEG recording, SWD scoring and analysis of sleep-waking ratios

EEG were recorded by an electroencephalograph (NIHON-COHDEN, Japan)
attached to a CED 1401 Il a data capture and analysis device using SPIKE 2 software
(Cambridge, UK). The bandwidth of the EEG recording was 0.53-150 Hz and it was
A/D converted at 500 Hz sampling rate.

After the different treatments (see Section 2.4 and Table 1) the SWDs (Fig. 1)
were selected and changes in SWD numbers were measured in all animal groups
as it was described previously [35]. Briefly, the main properties of a typical SWD: a
train of asymmetric spikes and slow waves starting and ending with sharp spikes,
power spectra 7-11 Hz and the average amplitude at least twice as high as the EEG
delta activity. The durations of SWDs were also measured in case of the i.c.v. LPS
alone treatment (third group). The first 30 min of data after the injections were
not included into the analysis because injection evoked stress could influence SWD
number during this time [35].

Both the number and duration of SWDs varied individually in the control record-
ings (SWD number: 8-37/h, SWD duration: 2.8-36.1 s/SWD), therefore, the changes
in SWD numbers and duration were expressed in percentage of average control
measures (three-day control period) and evaluated by Student’s t-tests.

Sleep-waking ratios of all animals were evaluated in each recording hour.
Recordings were analyzed offline by visual evaluation of the raw EEG. Briefly, we
distinguished wakefulness, slow wave sleep (SWS) and rapid eye movement sleep
(REM) [23]. Rats were in wakefulness when the EEG contained dominantly beta
(30-40Hz) and theta (6-8 Hz) activity as well as motor artifacts (moving and chew-
ing). We considered the rats as being in SWS when the EEG was synchronized in
the delta range (0.5-4Hz). REM was characterized with continuous theta activity
(6-8 Hz) without motor artifacts.

2.4. Thei.c.v. LPS application and i.p. pretreatment with ACSF, IND or AP5

Starting two weeks after surgery, the WAG/Rij rats were handled daily to be
adapted to the experimental procedures (for example rats were gently restrained
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Fig.1. Representative example ofan SWD (A and B) and a typical 10 min compressed
EEG (C) recorded from the frontal cortex of a WAG/RIij rat (control recording).

by a towel and were connected to the electroencephalograph and 30 min later were
gently restrained by a towel again). Animals were assigned into six groups (six ani-
mals were in group 3 whereas eight animals in group 1, group 2 and groups 4-6;
6+2 with thermo-resistors) and treated as follows (Table 1). The first, third, fifth
and sixth group of WAG/RIj rats were injected with 2 ml ACSF i.p. for three days
(three-day control period) to establish average control SWD levels. Animals of the
second and fourth group were injected with 2 ml 5% (v/v) ethanol solution for three
days (three-day control period) because the solvent of IND (Sigma, Germany), to be
injected on the fourth day, was ethanol (see below).

The first group of animals, as an i.c.v. treatment control group, on the fourth day,
received 2 ml ACSF i.p. injection and 30 min later an ACSF i.c.v. injection (5 pl/rat)
into the lateral ventricle through the guide cannula. During i.c.v. injections the ani-
mals were gently restrained by a towel, the dummy stylet was removed from the
guide cannula and a stainless steel needle - that was connected by polyethylene
tube to the infusion pump - was inserted. The injection flow rate was 0.25 pl/min.
On the fifth day, post-treatment control experiments were done with i.p. treatments
alone (PTC day, see Table 1).

In case of the second group, as an IND control group, we injected 10 mg/kg
IND i.p. (in 5%, v/v ethanol in saline) and 30 min later the i.c.v. ACSF (5 pl/rat)
(Table 1).

The third group, 30min after the 2ml ACSF i.p. injection on the fourth
day, received the i.c.v. LPS injection (3 pg/rat in 5l ACSF) into the lateral
ventricle.

The fourth group of animals, on the fourth day, received 10 mg/kg IND (i.p.)
dissolved in 5% (v/v) ethanol in saline and 30 min later they received the i.c.v. LPS
injection, the same way as the third group. The fifth group of animals, on the fourth
day, received AP5 (Tocris; 40 mg/kg in 2 ml ACSF; i.p.) and 30 min later only ACSF
i.c.v. (5 pl/rat). The sixth group, on the fourth day, received AP5 (40 mg/kg in 2 ml
ACSF; i.p.) that was followed by the i.c.v. LPS injection (3 pg/rat in 5 ul ACSF), the
same way as the third and fourth group. In all animal groups, on the fifth day, a post-
treatment control experiment was done (PTC day, see Table 1) to disclose putative
long lasting effects.
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Table 1
The treatment of the six animal groups.

Animal groups

Treatment protocol (according to the days of the treatment)

1-3 days 4th day 5th day (PTC day)

Group 1(n=8) 2ml ACSF i.p. 1st treatment: 2 ml ACSF i.p. 2ml ACSF i.p.
2nd treatment: 30 min later, ACSF i.c.v.

Group 2 (n=8) 2 ml 5% (v/v) ethanol solution i.p. 1st treatment: 10 mg/kg IND i.p. 2 ml 5% (v/v) ethanol solution i.p.
2nd treatment: 30 min later, ACSF i.c.v.

Group 3 (n=6) 2ml ACSF i.p. 1st treatment: 2 ml ACSF i.p. 2ml ACSF i.p.
2nd treatment: 30 min later, LPS i.c.v. (3 .g/rat)

Group 4 (n=8) 2ml 5% (v/v) ethanol solution i.p. 1st treatment: 10 mg/kg IND i.p. 2ml 5% (v/v) ethanol solution i.p.
2nd treatment: 30 min later, LPS i.c.v. (3 pg/rat)

Group 5 (n=8) 2ml ACSF i.p. 1st treatment: 40 mg/kg AP5 i.p. 2ml ACSF i.p.
2nd treatment: 30 min later, ACSF i.c.v.

Group 6 (n=8) 2ml ACSF i.p. 1st treatment: 40 mg/kg AP5 i.p. 2ml ACSFi.p.
2nd treatment: 30 min later, LPS i.c.v. (3 pg/rat)

3. Results 3.4. Effect of AP5 alone and on i.c.v. LPS

3.1. Effect of ACSF, IND, AP5 and LPS on body temperature

We did not find body temperature changes afteri.c.v. application
of ACSF (group 1; data not shown). A rapid elevation of body tem-
perature was observed after i.c.v. LPS injection (group 3; Fig. 2A). It
increased continuously for about 150 min and reached 1.2 °C above
basal level. It stayed elevated for about an additional 100 min then
decreased, but only about 0.3 °C by the end of the measurement
(390 min). AP5 alone produced a slight decrease in body tempera-
ture between 40 and 90 min after injection (about —0.1 °C) (group
5; Fig. 2A). IND alone (group 2) had no effect on body temperature.
Pretreatment with IND (group 4) and AP5 (group 6) abolished the
LPS induced increase in body temperature (Fig. 2A).

3.2. Effects of i.c.v. LPS on sleep-waking ratios and SWD number
and duration in WAG/Rij rats

We did not find significant changes in the sleep-waking ratios
during the six recorded hours after the i.c.v. LPS injection (3 pg/rat;
group 3) compared to the control animals (group 1; data not
shown). On the other hand, i.c.v. LPS injection (group 3) signif-
icantly increased the number of SWDs between 30 and 210 min
after injection (Fig. 2B). Thereafter, between 270 and 390 min a
significant decrease in SWD number was observed (Fig. 2B). The
i.c.v. injection of ACSF into the lateral ventricle did not change the
SWD number compared to the three-day control period (group 1;
Fig. 2B). On the PTC day, the SWD number returned to the baseline
level (data not shown).

The total time of SWD episodes increased in parallel with the
change in SWD number between 30 and 210 min after i.c.v. LPS
injection in agreement with the result that average duration of
SWDs did not changed (group 3; Fig. 2B). On the other hand, both
total time and average duration of SWDs decreased significantly
between 270 and 390 min post-injection (Fig. 2B).

3.3. Effect of IND alone and on i.c.v. LPS

We tested the effect of IND (10 mg/kg, i.p.) alone (with i.c.v.
ACSF; group 2) and its effect on the i.c.v. LPS induced SWD changes
(group 4; Fig. 2C). IND alone significantly decreased the number
of SWDs between 30 and 150min after injection (Fig. 2C). The
injection of IND 30 min before thei.c.v.LPS injection (3 pg/rat) com-
pletely abolished the biphasic effect of i.c.v. LPS on SWD number
(Fig. 2Q).

AP5 (40 mg/kg, i.p.) alone (with i.c.v. ACSF; group 5) decreased
the SWD number significantly in the first 3 h of the recordings. The
effect of AP5 on the i.c.v. LPS application (group 6; Fig. 2C) was
similar to that of the LPS alone treatment, in the first 3h of the
measurement (Fig. 2C). However, in the fourth and fifth hours, the
SWD number was significantly higher after the combined AP5 and
LPS application than in case of the LPS alone treatment (Fig. 2C). Itis
interesting to note, that in the last measured hour, the SWD num-
ber was significantly lower in both cases compared to the average
control SWD level (Fig. 2C).

4. Discussion

The major finding in our study is thati.c.v. injected LPS increased
the number of SWDs for 3 h in genetically epileptic WAG/Rij rats.
This effect was followed by a decrease in SWD activity. When
the i.c.v. LPS injection was preceded by i.p. administration of IND
or AP5, the cyclooxygenase-2 (COX-2) inhibitor IND abolished
the effect of i.c.v. LPS, while the NMDA receptor antagonist AP5
extended it for 5 h.

The genetically absence epileptic WAG/Rij rat is one of the
most investigated models of human absence epilepsy. These rats
spontaneously generate absence-like seizures, due to their hyper-
synchronic thalamocortical and corticothalamic connections, that
manifested in SWDs in EEG [8,9]. T-type Ca2* channels, glutamater-
gic and GABAergic changes may all be involved in the generation
of spontaneous SWDs [62,69].

The increase in body temperature, in our experiment after
i.cv. LPS, was similar to those described by others [4,68].
Centrally administered LPS may induce fever via the IL-1[3, COX-
2/prostaglandin E; (PGE;) system influencing the hypothalamic
thermoregulatory center [50]. IL-1 induced fever can be sup-
pressed by the COX-2 inhibitor IND [4,25], however LPS as well as
TNF-a canalsoinduce a p.-opioid-receptor-mediated fever [18].1tis
noteworthy that p.-opioid-receptors have arole in facilitation of the
absence epileptic activity [38] and the opioid receptor antagonist
naloxone can reverse the proconvulsant effect of LPS [59].

The body temperature changes after AP5 and IND alone and in
combination with LPS were similar to those described previously
[15,28,29]. AP5 and IND alone did not cause significant changes in
body temperature, while in combination with LPS, they abolished
the fever inducing effect of i.c.v. LPS (Fig. 2A), similarly to previ-
ous studies [15,29,33]. Since NMDA receptor blocker MK-801 and
LY235959 may attenuate the LPS induced fever via inhibition of
NMDA receptor-dependent hydroxyl radical/COX-2/PGE2 pathway
[27,33], we suggest that AP5 may also use this pathway.
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Fig. 2. (A) Body temperature changes after IND (10 mg/kg), LPS (3 pg/rat) and AP5
(40 mg/kg) application alone (group 2, group 3 and group 5) and in combination
(group 4 and group 6) (1 marks the i.c.v. injection). (B) Changes in SWD number
after i.p. ACSF +i.c.v. ACSF (open columns, group 1) and i.p. ACSF +i.c.v. LPS injection
(black columns; group 3). This part of Fig. 2 also shows the effect of i.c.v. injected LPS
(3 pg/rati.c.v.; group 3) on total SWD time (total time; stripped columns) and aver-
age SWD duration (average time; double stripped columns). (C) Effect of AP5 alone
(40 mg/kg; group 5: AP5 + ACSF; open columns) and together with LPS (3 pg/rati.c.v.;
group 6: AP5+LPS; double stripped columns), IND (10 mg/kg i.p.) alone (group 2:
IND + ACSF; black columns) and IND (10 mg/kg i.p.) with LPS (3 pg/rati.c.v.; group 4:
IND +LPS; stripped columns) on SWD number in WAG/Rij rats were also showed; for
comparison effect of i.c.v. injected LPS alone is plotted again (gray columns, group
3). The changes in SWD numbers and duration were expressed in percentage of
average control measures (three-day control period; % on y-axis; B and C); * labels
p<0.05 and ** labels p <0.005 level of significance.

In our previous paper [35] we demonstrated that LPS increased
the absence epileptic activity in the WAG/Rij rat, independently
from the i.p. LPS induced body temperature changes: lower doses
of LPS caused fever whereas higher dose of LPS induced hypother-

mia, however, both low and high doses increased the SWD number.
Similarly, AP5 and IND by themselves both decreased the SWD
number without significant changes in body temperature ([35] and
Fig. 2).

In this study, i.c.v. LPS increased the body temperature during
the whole 6-h recording period while the SWD number was high
only between 30 and 210 min and decreased in the last two mea-
sured hours (Fig. 2). Furthermore, AP5 in combination with i.c.v.
LPS aggravated the SWD facilitating effect of LPS but abolished its
body temperature increasing effect. On the bases of these results,
we think that there is no direct connection between the effects of
LPS on body temperature and SWD number.

Regarding the way of the LPS application, one can assume
that there could be a difference in the dynamics of the responses
evoked by i.c.v. or i.p. injected LPS [37,45,56,63], although the
direct comparison is difficult, as we do not know which i.p. LPS
dose from our previous study fits to the current i.c.v. LPS dose.
Our previous [35] and current findings about the i.p. and i.c.v.
injected LPS with regard to the SWD enhancing effect show that
probably the 350 ug/kg i.p. LPS is the most similar to the cur-
rent i.c.v. LPS injection, although 270-330 min and 330-390 min
were not documented in our previous study. Nonetheless, the
i.c.v. injected LPS biphasically influenced the epileptic activity of
WAG/Rij rats (Fig. 2B) and the first phase (increase of SWD num-
ber) was similar to the 350 pg/kg i.p. LPS [35]. On the PTC day after
the i.c.v. LPS application, the SWD number was not decreased, in
contrast to those of the i.p. LPS application [35], suggesting that
somewhat different mechanisms were activated by the i.c.v. and
i.p. LPS [56,63].

The i.cv. injected LPS can also be regarded as an experi-
mental model of acute brain inflammation which induces direct
cerebral responses via the ventricular system and meninges
[81,82]. With this model we directly activated the innate
immune system in the brain [48] as the molecular complex of
glycosylphosphatidylinositol-anchored glycoprotein CD14, acces-
sory protein MD-2 and TLR4 can evoke a complete immune
response [49]. LPS activates glial cells via TLR4 [40] and they
can release such proinflammatory cytokines as IL-1[3, interleukin-
6 (IL-6) and TNF-a. Accordingly in previous studies after i.c.v.
injected LPS, increased TLR4, IL-13 and TNF-a immunostain-
ing was found in the rat brain meninges, ependymal cells of
the ventricle and/or neighboring brain tissue [82] and bioac-
tive IL-1 was detected in the brainstem and diencephalon 2h
after LPS injection [54]. It is known that i.c.v. LPS evokes an
increase in mRNA expression of IL-1f3, IL-6 and TNF-a within 1-2 h
[13,22]. IL-1B and TNF-a may facilitate excitatory, glutamater-
gic neurotransmission via enhancing NMDA receptor-mediated
Ca?* influx into neurons [53,71,77] and attenuate the chloride
current [50,78]. TNF-a may increase a-amino-3-hydroxyl-5-
methyl-4-isoxazole-propionate (AMPA)-dependent excitation and
decrease GABAs-mediated inhibition [66,71]. All of these could
increase local neuronal excitability and might lead to epileptic
seizures [26,57,71,74]. Therefore, via interleukin-1 receptor (IL-
1R) expressed on thalamic neurons [83], IL-1(3, released by i.c.v.
injected LPS, could increase the excitation in the thalamo-cortical
circuitry which could promote epileptic seizures in the WAG/Rij
rats [65]. IL-1R expression was also demonstrated in the cortex
[1,41,80] and LPS increases glutamate release and excitation in the
cortex [79].

Interleukin-10 (IL-10) is one of the anti-inflammatory cytokines
which can decrease the level of inflammatory cytokines in the brain
[39,50]. Level of interleukin-10 receptor (IL-10R) mRNA was mea-
sured to be increased within 3.5 h after i.c.v. LPS injection [39]. It
was also described that the endogenous antagonist of interleukin-1
receptor (IL-1ra) mRNA level was enhanced after i.c.v. LPS injection
[20,32]. IL-1ra, by blocking the IL-1f3 actions, has been revealed
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to be antiepileptic [75]. Thus, in the biphasic effect of i.c.v. LPS,
the decrease of SWD number in the later stage might result from
the increased IL-1ra and/or IL-10R levels. Another explanation for
the decrease of SWD number in the second phase could be that
the number of TLR4 could be down-regulated hours after the LPS
injection [37].

It is known, that WAG/Rij rats show intracortical hyperex-
citability during SWDs because of the imbalanced intracortical
inhibitory and excitatory mechanisms [43,46]. IL-13 decreases
the seizure threshold and enhances neuronal hyperexcitability
via NMDA receptors [71,73]. IL-13 may also increase the gluta-
mate release [45] and attenuate the glutamate uptake of astrocytes
[84]. Consequently, LPS evoked IL-1[3 release may increase absence
epileptic activity in WAG/Rij rats via glutamate evoked hyperex-
citability which is in agreement with the cortical theories of SWD
genesis [46,69].

NMDA receptor antagonists decrease both the number and
mean duration of SWDs in WAG/Rijrats[11,16,17,47,52] suggesting
the involvement of NMDA receptors in SWD genesis. In agreement
with this, we found significantly decreased SWD number between
30 and 210 min after AP5 i.p. injection (Fig. 2C). This result can be
explained by the inhibition of initial excitatory postsynaptic poten-
tials (EPSPs) required to trigger SWD genesis [11,65]. As IL-13 and
TNF-a could facilitate the glutamatergic neurotransmission via the
NMDA receptor [53,71,77] one might have thought that NMDA
receptor antagonism by AP5 would ameliorate the SWD enhanc-
ing effect of i.c.v. LPS. Surprisingly, AP5 had not blocked the effect
of i.c.v. LPS. Moreover, it aggravated its effect in the later stage.
This suggests that via the interaction of inflammatory cytokines
and glutamatergic and/or GABAergic neurotransmission, a simple
antagonism of NMDA receptors by AP5 could extend the absence-
like seizures genesis [10,21,35,65].

IND injected alone significantly decreased the SWD number and
completely abolished the effect of i.c.v. LPS (Fig. 2C) and peripheral
LPS [35] on SWDs, and decreased the neocortical spike-and-wave
spindling numbers of DBA/2] mice [5]. IND is a COX-2 inhibitor and
COX-2 mRNA and its protein are induced by i.c.v. LPS in blood ves-
sels near the cerebral ventricles and subarachnoidal space [4]. It is
known that prostaglandins can be involved in LPS-induced seizure
threshold decrease [59] and PGE; may act as a proconvulsant medi-
ator which promotes glutamate release [67]. However, IND, beside
its COX-2 inhibitor effect, also decreased the T-type Ca%* channel
evoked Ca2* current in vitro and attenuate absence epileptic activ-
ity in WAG/RIij rats [24,55,62]. It is widely accepted that T-type Ca2*
channel has a role in the genesis of absence seizure [58]. Mibefradil
(a blocker of T-type Ca2* channel evoked Ca2* current) decreased
absence epileptic activity in WAG/Rij rats dose dependently [3] and
several anti-absence drugs such as ethosuximide exert their effect
mainly through the T-type CaZ* channel [24,44,61,62,70].

Inhibition of COX by non-steroid anti-inflammatory drugs
(NSAIDs) without direct Ca2* channel effects is not plausible as
increased level of arachidonic acid also inhibits the T-type Ca2*
channels [55]. Additionally, NSAIDs have several other effects on
several neurotransmitters and hormones [10,55], and cross-talk
between intracellular pathways can all modulate the T-type Ca2*
channel [6,30,31].

Therefore we cannot easily separate the two main effect of IND,
the T-type Ca%* channel inhibition and COX/PGE2 inhibition, in
our case. We think that IND alone may decrease the absence-like
epileptic activity mainly via T-type Ca2* channel inhibition whereas
its effect on the LPS injections may also involve its COX inhibitory
effect.

In conclusion, we have demonstrated that centrally applied
LPS increased the number and duration of SWDs in the WAG/Rij
rats similarly to the peripheral injection. This effect was abolished
by IND and extended by AP5 suggesting an interaction between

centrally secreted inflammatory cytokines and glutamatergic neu-
rotransmission.

Conflict of interest

The authors declare that they have no competing financial inter-
ests.

Acknowledgements

This work was supported by the National Office for Research
and Technology (NKTH): TAMOP-4.2.2/08/1 to G. Juhasz. The Euro-
pean Union and the European Social Fund have provided financial
support to the project under the Grant agreement no. TAMOP
4.2.1./B-09/1/KMR-2010-0003 to G. Juhdsz, K.A. Kékesi and A.
Czurké as well as the Scientific Foundation of NYME SEK and Sci-
entific Foundation of NYME SEK TTK (2009-2010) Hungary to Zs.
Kovacs. We wish to thank Tamas Térok (NYME SEK) for the techni-
cal assistance.

References

[1] E.Ban, G. Milon, N. Prudhomme, G. Fillion, F. Haour, Receptors for interleukin-1
(alpha and beta) in mouse brain: mapping and neuronal localization in hip-
pocampus, Neuroscience 43 (1991) 21-30.

[2] A.D.Billiau, C.H. Wouters, L.G. Lagae, Epilepsy and the immune system: is there
a link? Eur. J. Paediatr. Neurol. 9 (2005) 29-42.

[3] T. Broicher, T. Seidenbecher, P. Meuth, T. Munsch, S.G. Meuth, T. Kanyshkova,
H.C. Pape, T. Budde, T-current related effects of antiepileptic drugs and a Ca2+
channel antagonist on thalamic relay and local circuit interneurons in a rat
model of absence epilepsy, Neuropharmacology 53 (2007) 431-446.

[4] C. Cao, K. Matsumura, M. Ozaki, Y. Watanabe, Lipopolysaccharide injected into
the cerebral ventricle evokes fever through induction of cyclooxygenase-2 in
brain endothelial cells, ]. Neurosci. 19 (1999) 716-725.

[5] A. Capasso, A. Loizzo, Arachidonic acid and its metabolites are involved in the
expression of neocortical spike-and-wave spindling episodes in DBA/2] mice,
J. Pharm. Pharmacol. 53 (2001) 883-888.

[6] J. Chemin, A. Traboulsie, P. Lory, Molecular pathways underlying the modu-
lation of T-type calcium channels by neurotransmitters and hormones, Cell
Calcium 40 (2006) 121-134.

[7] ]. Choi, S. Koh, Role of brain inflammation in epileptogenesis, Yonsei Med. ]. 49
(2008) 1-18.

[8] A.M. Coenen, W.H. Drinkenburg, M. Inoue, E.L. van Luijtelaar, Genetic models
of absence epilepsy, with emphasis on the WAG/Rij strain of rats, Epilepsy Res.
12 (1992) 75-86.

[9] A.M. Coenen, E.L. van Luijtelaar, Genetic animal models for absence epilepsy:
areview of the WAG/Rij strain of rats, Behav. Genet. 33 (2003) 635-655.

[10] L. Danober, C. Deransart, A. Depaulis, M. Vergnes, C. Marescaux, Pathophysio-
logical mechanisms of genetic absence epilepsy in the rat, Prog. Neurobiol. 55
(1998) 27-57.

[11] M.D’Antuono, Y.Inaba, G. Biagini, G. D’Arcangelo, V. Tancredi, M. Avoli, Synaptic
hyperexcitability of deep layer neocortical cells in a genetic model of absence
seizures, Genes Brain Behav. 5 (2006) 73-84.

[12] V.DeHerdt, S.Bogaert, K.R. Bracke, R. Raedt, M. De Vos, K. Vonck, P. Boon, Effects
of vagus nerve stimulation on pro- and anti-inflammatory cytokine induction
in patients with refractory epilepsy, J. Neuroimmunol. 214 (2009) 104-108.

[13] M.G. De Simoni, R. Del Bo, A. De Luigi, S. Simard, G. Forloni, Central endo-
toxin induces different patterns of interleukin (IL)-1 beta and IL-6 messenger
ribonucleic acid expression and IL-6 secretion in the brain and periphery,
Endocrinology 136 (1995) 897-902.

[14] M.G. De Simoni, L. Imeri, Cytokine-neurotransmitter interactions in the brain,
Biol. Signals Recept. 7 (1998) 33-44.

[15] M.D. Dogan, H. Ataoglu, E.S. Akarsu, Characterization of the hypothermic com-
ponent of LPS-induced dual thermoregulatory response in rats, Pharmacol.
Biochem. Behav. 72 (2002) 143-150.

[16] ]. Filakovszky, K. Gerber, G. Bagdy, A serotonin-1A receptor agonist and an N-
methyl-p-aspartate receptor antagonist oppose each others effects in a genetic
rat epilepsy model, Neurosci. Lett. 261 (1999) 89-92.

[17] ]. Filakovszky, S. Kantor, P. Halasz, G. Bagdy, 8-OH-DPAT and MK-801 affect
epileptic activity independently of vigilance, Neurochem. Int. 38 (2001)
551-556.

[18] D. Fraga, R.R. Machado, L.C. Fernandes, G.E. Souza, A.R. Zampronio, Endoge-
nous opioids: role in prostaglandin-dependent and -independent fever, Am. J.
Physiol. Regul. Integr. Comp. Physiol. 294 (2008) 411-420.

[19] M.A. Galic, K. Riazi, J.G. Heida, A. Mouihate, N.M. Fournier, S.J. Spencer, L.E.
Kalynchuk, G.C. Teskey, Q.J. Pittman, Postnatal inflammation increases seizure
susceptibility in adult rats, J. Neurosci. 28 (2008) 6904-6913.



Z. Kovdcs et al. / Brain Research Bulletin 85 (2011) 410-416 415

[20] D.Gayle,S.E.Ilyin, C.R. Plata-Salaman, Feeding status and bacterial LPS-induced
cytokine and neuropeptide gene expression in hypothalamus, Am. J. Physiol.
277(1999) 1188-1195.

[21] P. Gloor, R.G. Fariello, Generalized epilepsy: some of its cellular mechanisms
differ from those of focal epilepsy, Trends Neurosci. 11 (1988) 63-68.

[22] K.B. Goralski, D. Abdulla, CJ. Sinal, A. Arsenault, K.W. Renton, Toll-like receptor-
4 regulation of hepatic Cyp3al1 metabolism in a mouse model of LPS-induced
CNS inflammation, Am. ]. Physiol. Gastrointest. Liver Physiol. 289 (2005)
434-443.

[23] C. Gottesmann, G. Gandolfo, B. Zernicki, Sleep-waking cycle in chronic rat
preparations with brain stem transected at the caudopontine level, Brain Res.
Bull. 36 (1995) 573-580.

[24] M.Z. Goren, F. Onat, Ethosuximide: from bench to bedside, CNS Drug Rev. 13
(2007) 224-239.

[25] M.Hashimoto, T.Bando, M. Iriki, K. Hashimoto, Effect of indomethacin on febrile
response to recombinant human interleukin 1-alpha in rabbits, Am. J. Physiol.
255(1998) 527-533.

[26] ].G. Heida, Q.J. Pittman, Causal links between brain cytokines and experimental
febrile convulsions in the rat, Epilepsia 46 (2005) 1906-1913.

[27] KF. Huang, W.T. Huang, K.C. Lin, M.T. Lin, C.P. Chang, Interleukin-1 recep-
tor antagonist inhibits the release of glutamate, hydroxyl radicals, and
prostaglandin E(2) in the hypothalamus during pyrogen-induced fever in rab-
bits, Eur. J. Pharmacol. 629 (2010) 125-131.

[28] W.T.Huang, M.T. Lin, C.P. Chang, An NMDA receptor-dependent hydroxyl radi-
cal pathway in the rabbit hypothalamus may mediate lipopolysaccharide fever,
Neuropharmacology 50 (2006) 504-511.

[29] W.T.Huang, S.M. Tsai, M.T. Lin, Involvement of brain glutamate release in pyro-
genic fever, Neuropharmacology 41 (2001) 811-818.

[30] S.Huc, A. Monteil, I. Bidaud, G. Barbara, ]. Chemin, P. Lory, Regulation of T-type
calcium channels: signalling pathways and functional implications, Biochim.
Biophys. Acta 1793 (2009) 947-952.

[31] M.C. Iftinca, G.W. Zamponi, Regulation of neuronal T-type calcium channels,
Trends Pharmacol. Sci. 30 (2009) 32-40.

[32] S.E. llyin, D. Gayle, M.C. Flynn, C.R. Plata-Salaman, Interleukin-1beta system
(ligand, receptor type I, receptor accessory protein and receptor antagonist)
TNF-alpha, TGF-betal and neuropeptide Y mRNAs in specific brain regions
during bacterial LPS-induced anorexia, Brain Res. Bull. 45 (1998) 507-515.

[33] C.H. Kao, T.Y. Kao, W.T. Huang, M.T. Lin, Lipopolysaccharide- and glutamate-
induced hypothalamic hydroxyl radical elevation and fever can be suppressed
by N-methyl-p-aspartate-receptor antagonists, J. Pharmacol. Sci. 104 (2007)
130-136.

[34] Z. Kovacs, A. Czurkd, K.A. Kékesi, G. Juhasz, Clomipramine increases the inci-
dence and duration of spike-wave discharges in freely moving WAG/Rij rats,
Epilepsy Res. 90 (2010) 167-170.

[35] Z. Kovdcs, K.A. Kékesi, N. Szildgyi, I. Abrahdam, D. Székdcs, N. Kiraly, E. Papp, I.
Csaszar, E. Szego, K. Barabas, H. Péterfy, A. Erdei, T. Bartfai, G. Juhdsz, Facilita-
tion of spike-wave discharge activity by lipopolysaccharides in Wistar Albino
Glaxo/Rijswijk rats, Neuroscience 140 (2006) 731-742.

[36] Z. Kovdcs, L. Puskas, G. Nyitrai, E. Papp, 1. Csaszar, G. Juhdsz, M. Palkovits,
Suppression of spike-wave discharge activity and c-fos expression by 2-
methyl-4-oxo-3H-quinazoline-3-acetyl piperidine (Q5) in vivo, Neurosci. Lett.
423 (2007) 73-77.

[37] N. Laflamme, S. Rivest, Toll-like receptor 4: the missing link of the cerebral
innate immune response triggered by circulating gram-negative bacterial cell
wall components, FASEB J. 15 (2001) 155-163.

[38] W. Lason, B. Przewlocka, A. Conan, R. Przewlocki, G. van Luijtelaar, Effects of
and & opioid receptor agonists and antagonists on absence epilepsy in WAG/Rij
rats, Neuropharmacology 33 (1994) 161-166.

[39] A. Ledeboer, R. Binnekade, ].J. Brevé, ].G. Bol, FJ. Tilders, A.M. van Dam, Site-
specific modulation of LPS-induced fever and interleukin-1 beta expression in
rats by interleukin-10, Am. ]. Physiol. Regul. Integr. Comp. Physiol. 282 (2002)
1762-1772.

[40] S.Lehnardt, L. Massillon, P. Follett, F.E. Jensen, R. Ratan, P.A. Rosenberg, ].]. Volpe,
T. Vartanian, Activation of innate immunity in the CNS triggers neurodegener-
ation through a Toll-like receptor 4-dependent pathway, Proc. Natl. Acad. Sci.
U.S.A. 100 (2003) 8514-8519.

[41] C.Liu, D. Chalmers, R. Maki, E.B. De Souza, Rat homolog of mouse interleukin-
1 receptor accessory protein: cloning, localization and modulation studies, J.
Neuroimmunol. 66 (1996) 41-48.

[42] S.M. Lucas, N.J. Rothwell, R.M. Gibson, The role of inflammation in CNS injury
and disease, Br. J. Pharmacol. 147 (Suppl. 1) (2006) S232-5240.

[43] HJ. Luhmann, T. Mittmann, G. van Luijtelaar, U. Heinemann, Impairment of
intracortical GABAergic inhibition in a rat model of absence epilepsy, Epilepsy
Res. 22 (1995) 43-51.

[44] ].P.A. Manning, D.A. Richards, N. Leresche, V. Crunelli, N.G. Bowery, Cortical-
area specific block of genetically determined absence seizures by ethosuximide,
Neuroscience 123 (2004) 5-9.

[45] P. Mascarucci, C. Perego, S. Terrazzino, M.G. De Simoni, Glutamate release in
the nucleus tractus solitarius induced by peripheral lipopolysaccharide and
interleukin-1 beta, Neuroscience 86 (1998) 1285-1290.

[46] H.K. Meeren, J.P. Pijn, E.L. Van Luijtelaar, A.M. Coenen, F.H. Lopes da Silva, Cor-
tical focus drives widespread corticothalamic networks during spontaneous
absence seizures in rats, J. Neurosci. 22 (2002) 1480-1495.

[47] LS. Midzyanovskaya, D.V. Salonin, D.Y. Bosnyakova, G.D. Kuznetsova, E.L. van
Luijtelaar, The multiple effects of ketamine on electroencephalographic activity
and behavior in WAG/Rij rats, Pharmacol. Biochem. Behav. 79 (2004) 83-91.

[48] D. Milatovic, S. Zaja-Milatovic, K.S. Montine, P.J. Horner, T.J. Montine, Pharma-
cologic suppression of neuronal oxidative damage and dendritic degeneration
following direct activation of glial innate immunity in mouse cerebrum, J. Neu-
rochem. 87 (2003) 1518-1526.

[49] K.Miyake, Innate recognition of lipopolysaccharide by Toll-like receptor 4-MD-
2, Trends Microbiol. 12 (2004) 186-192.

[50] J. Mlodzikowska-Albrecht, B. Steinborn, M. Zarowski, Cytokines, epilepsy and
epileptic drugs - is there a mutual influence? Pharmacol. Rep. 59 (2007)
129-138.

[51] G. Paxinos, C. Watson, The Rat Brain Stereotaxic Coordinates, Academic Press,
Orlando, 1997.

[52] B.W. Peeters, C.M. van Rijn, .M. Vossen, A.M. Coenen, Involvement of NMDA
receptors in non-convulsive epilepsy in WAG/RIj rats, Life Sci. 47 (1990)
523-529.

[53] M. Pickering, D. Cumiskey, J.J. 0’Connor, Actions of TNF-alpha on glutamatergic
synaptic transmission in the central nervous system, Exp. Physiol. 90 (2005)
663-670.

[54] N. Quan, S.K. Sundar, ]J.M. Weiss, Induction of interleukin-1 in various brain
regions after peripheral and central injections of lipopolysaccharide, J. Neu-
roimmunol. 49 (1994) 125-134.

[55] M.G. Rimoli, E. Russo, M. Cataldi, R. Citraro, P. Ambrosino, D. Melisi, A. Curcio,
S. De Lucia, P. Patrignani, G. De Sarro, E. Abignente, T-type channel blocking
properties and antiabsence activity of two imidazo[12-b]pyridazine deriva-
tives structurally related to indomethacin, Neuropharmacology 56 (2009)
637-646.

[56] S. Rivest, Molecular insights on the cerebral innate immune system, Brain
Behav. Immun. 17 (2003) 13-19.

[57] K.M.Rodgers, M.R. Hutchinson, A. Northcutt, S.F. Maier, L.R. Watkins, D.S. Barth,
The cortical innate immune response increases local neuronal excitability lead-
ing to seizures, Brain 132 (2009) 2478-2486.

[58] E. Russo, R. Citraro, F. Scicchitano, S. De Fazio, E.D. Di Paola, A. Constanti, G.
De Sarro, Comparison of the antiepileptogenic effects of an early long-term
treatment with ethosuximide or levetiracetam in a genetic animal model of
absence epilepsy, Epilepsia 51 (2009) 1560-1569.

[59] M. Sayyah, M. Javad-Pour, M. Ghazi-Khansari, The bacterial endotoxin
lipopolysaccharide enhances seizure susceptibility in mice: involvement of
proinflammatory factors: nitric oxide and prostaglandins, Neuroscience 122
(2003) 1073-1080.

[60] A.A. Shandra, LS. Godlevsky, R.S. Vastyanov, A.A. Oleinik, V.L. Konovalenko,
E.N. Rapoport, N.N. Korobka, The role of TNF-alpha in amygdala kindled rats,
Neurosci. Res. 42 (2002) 147-153.

[61] H.S. Shin, T-type Ca2+ channels and absence epilepsy, Cell Calcium 40 (2006)
191-196.

[62] H.S. Shin, E]. Cheong, S. Choi, J. Lee, H.S. Na, T-type Ca2+ channels as
therapeutic targets in the nervous system, Curr. Opin. Pharmacol. 8 (2008)
33-41.

[63] AK. Singh, Y. Jiang, How does peripheral lipopolysaccharide induce gene
expression in the brain of rats? Toxicology 201 (2004) 197-207.

[64] S.Sinha, S.A. Patil, V. Jayalekshmy, P. Satishchandra, Do cytokines have any role
in epilepsy? Epilepsy Res. 82 (2008) 171-176.

[65] O.C.Snead, Basic mechanisms of generalized absence seizures, Ann. Neurol. 37
(1995) 146-157.

[66] D. Stellwagen, E.C. Beattie, ].Y. Seo, R.C. Malenka, Differential regulation of
AMPA receptor and GABA receptor trafficking by tumor necrosis factor-alpha,
J. Neurosci. 25 (2005) 3219-3228.

[67] T. Takemiya, K. Matsumura, K. Yamagata, Roles of prostaglandin synthesis in
excitotoxic brain diseases, Neurochem. Int. 51 (2007) 112-120.

[68] H. Tsushima, M. Mori, In vivo evidence that activation of tyrosine kinase is
a trigger for lipopolysaccharide-induced fever in rats, Brain Res. 852 (2000)
367-373.

[69] G. Van Luijtelaar, E. Sitnikova, Global and focal aspects of absence epilepsy:
the contribution of genetic models, Neurosci. Biobehav. Rev. 30 (2006)
983-1003.

[70] G. Van Luijtelaar, D. Wiaderna, C. Elants, W. Scheenen, Opposite effects of T-
and L-type Ca(2+) channels blockers in generalized absence epilepsy, Eur. J.
Pharmacol. 406 (2000) 381-389.

[71] A. Vezzani, S. Balosso, T. Ravizza, The role of cytokines in the pathophysiology
of epilepsy, Brain Behav. Immun. 22 (2008) 797-803.

[72] A.Vezzani, T.Z. Baram, New roles for interleukin-1 Beta in the mechanisms of
epilepsy, Epilepsy Curr. 7 (2007) 45-50.

[73] A. Vezzani, M. Conti, A. De Luigi, T. Ravizza, D. Moneta, F. Marchesi, M.G. De
Simoni, Interleukin-1beta immunoreactivity and microglia are enhanced in the
rat hippocampus by focal kainate application: functional evidence for enhance-
ment of electrographic seizures, J. Neurosci. 19 (1999) 5054-5065.

[74] A.Vezzani, T. Granata, Brain inflammation in epilepsy: experimental and clin-
ical evidence, Epilepsia 46 (2005) 1724-1743.

[75] A. Vezzani, D. Moneta, M. Conti, C. Richichi, T. Ravizza, A. De Luigi, M.G. De
Simoni, G. Sperk, S. Andell-Jonsson, J. Lundkvist, K. Iverfeldt, T. Bartfai, Power-
ful anticonvulsant action of IL-1 receptor antagonist on intracerebral injection
and astrocytic overexpression in mice, Proc. Natl. Acad. Sci. U.S.A. 97 (2000)
11534-11539.

[76] A. Vezzani, T. Ravizza, S. Balosso, E. Aronica, Glia as a source of cytokines:
implications for neuronal excitability and survival, Epilepsia 49 (2008)
24-32.

[77] B. Viviani, S. Bartesaghi, F. Gardoni, A. Vezzani, M.M. Behrens, T. Bartfai,
M. Binaglia, E. Corsini, M. Di Luca, C.L. Galli, M. Marinovich, Interleukin-1



416 Z. Kovdcs et al. / Brain Research Bulletin 85 (2011) 410-416

enhances NMDA receptor-mediated intracellular calcium increase through
activation of the Src family of kinases, ]. Neurosci. 23 (2003) 8692-8700.

[78] S. Wang, Q. Cheng, S. Malik, ]J. Yang, Interleukin-1beta inhibits gamma-
aminobutyric acid type A (GABA(A)) receptor current in cultured hippocampal
neurons, J. Pharmacol. Exp. Ther. 292 (2000) 497-504.

[79] Y.S. Wang, T.D. White, The bacterial endotoxin lipopolysaccharide causes
rapid inappropriate excitation in rat cortex, J. Neurochem. 72 (1999)
652-660.

[80] X. Wang, F.C. Barone, N.V. Aiyar, G.Z. Feuerstein, Interleukin-1 receptor and
receptor antagonist gene expression after focal stroke in rats, Stroke 28 (1997)
155-162.

[81] Y. Xia, T.L. Krukoff, Differential neuronal activation in the hypothalamic
paraventricular nucleus and autonomic/neuroendocrine responses to L.C.V.
endotoxin, Neuroscience 121 (2003) 219-231.

[82] Y. Xia, K. Yamagata, T.L. Krukoff, Differential expression of the CD14/TLR4 com-
plex and inflammatory signaling molecules following i.c.v. administration of
LPS, Brain Res. 1095 (2006) 85-95.

[83] K. Yabuuchi, M. Minami, S. Katsumata, M. Satoh, Localization of type I
interleukin-1 receptor mRNA in the rat brain, Brain Res. Mol. Brain Res. 27
(1994) 27-36.

[84] Z.C. Ye, H. Sontheimer, Cytokine modulation of glial glutamate uptake: a pos-
sible involvement of nitric oxide, Neuroreport 7 (1996) 2181-2185.



	Intracerebroventricularly administered lipopolysaccharide enhances spike–wave discharges in freely moving WAG/Rij rats
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Implantation of animals for EEG recording, i.c.v. LPS injection and measurement of body temperature
	2.3 EEG recording, SWD scoring and analysis of sleep–waking ratios
	2.4 The i.c.v. LPS application and i.p. pretreatment with ACSF, IND or AP5

	3 Results
	3.1 Effect of ACSF, IND, AP5 and LPS on body temperature
	3.2 Effects of i.c.v. LPS on sleep–waking ratios and SWD number and duration in WAG/Rij rats
	3.3 Effect of IND alone and on i.c.v. LPS
	3.4 Effect of AP5 alone and on i.c.v. LPS

	4 Discussion
	Conflict of interest
	Acknowledgements
	References


