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Zolpidem, a non-benzodiazepine hypnotic, is primarily used to treat insomnia. In a previous study, pior treat-
ment with non-benzodiazepine receptor agonists was associated with inflammation. The present study aimed to
clarify the association between the effects of zolpidem and inflammation in mice treated with lipopolysaccha-
ride (LPS), a known model of inflammation. We assessed the zolpidem-induced loss of righting reflex (LORR)
duration 24 h after LPS treatment in mice. Additionally, the expressions of y-aminobutyric acid (GABA),
receptor subunit and K*-CI” cotransporter isoform 2 (KCC2) mRNA in the hippocampus and frontal cortex
were examined in LPS-treated mice. Pretreatment with LPS was associated with significantly prolonged dura-
tion of zolpidem-induced LORR compared to control mice. This effect was significantly attenuated by adminis-
tering bicuculline, a GABA4 receptor antagonist, or flumazenil, a benzodiazepine receptor antagonist, in LPS-
treated mice. Compared to controls, LPS-treated mice showed no significant change in the expression of
GABAA receptor subunits in the hippocampus or frontal cortex. Bumetanide, an Na*-K*-2Cl" cotransporter
isoform 1 blocker, attenuated the extended duration of zolpidem-induced LORR observed in LPS-treated mice.
LPS significantly decreased Kcc2 mRNA expression in the hippocampus and the frontal cortex. These findings
suggest that inflammation increases zolpidem-induced LORR, possibly through a reduction in KCC2 expres-
sion.
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B enzodiazepine receptor agonists are used to treat

various conditions, including insomnia, and they
exert hypnotic, anxiolytic, and anticonvulsant effects.
Their frequent use — can be attributed to their fast-
acting, effective action [1]. However, they are linked to
a notably elevated risk of postoperative delirium, char-
acterized by abnormal behavior, often accompanied by
neuroinflammation [2-7]. Thus, the pharmacological
mechanism of benzodiazepine receptor agonists may be
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associated with systemic inflammation.
Lipopolysaccharide (LPS) is a well-known bacterial
toxin that can induce neuroinflammation [8-10]. We
previously reported that LPS pretreatment 24 h in
advance significantly increased the duration of pento-
barbital-induced loss of righting reflex (LORR) in mice
treated with benzodiazepine receptor agonists (diaze-
pam and brotizolam) and a y-aminobutyric acid-A
(GABA4) receptor agonist (muscimol) compared to that
of mice treated with vehicle [11]. Thus, LPS pretreat-
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ment may induce an excessive increase in GABA activ-
ity [11-13]. Furthermore, LPS administration may play
a specific role in the overactivation of GABAx receptors
in the central nervous system. GABAAa receptors medi-
ate inhibitory synaptic action in mature neurons that
maintain low intracellular chloride concentrations, the
underlying mechanisms of which are related to chloride
cation cotransporters (CCCs), including Na*-K*-2CI
cotransporter isoform 1 (NKCC1) and K*-CI” cotrans-
porter isoform 2 (KCC2). In short, LPS administration
alters GABA4 receptor function through CCCs [14].
Thus, LPS-induced inflammation is speculated to result
in the dysfunction of GABAx receptors associated with
chloride concentration and mediated by NKCCI,
thereby contributing to the effects of benzodiazepines.

Insomnia medications such as zolpidem, classified
as a non-benzodiazepine hypnotic [15], are nonetheless
known to act on GABAA4 receptors, as do benzodiaze-
pines. This study aimed to examine how LPS-induced
inflammation affects the duration of LORR by the
non-benzodiazepine receptor agonist zolpidem. We also
investigated how the expression of NKCC1 and KCC2
and the function of the GABAA receptor were affected
by LPS-induced inflammation in mice.

Materials and Methods

Experimental animals. ~ Animal experiments were
conducted in accordance with the guidelines outlined in
the Guide for Animal Experiments of Okayama
University Advanced Science Research Center. The
experimental protocol was approved by the Animal
Care and Use Committee of Okayama University
(OKU-2018746, OKU-2020216). A total of 132 ICR
male mice with an initial weight of 28-35g were
acquired commercially from Jackson Laboratory
(Yokohama, Japan). We used randomization to assign
the mice to groups. The mice were housed in a tem-
perature-controlled room with a constant 12-h light and
dark cycle (lights on at 08 : 00), with six mice in each
cage. Animals had unrestricted access to standard
laboratory food and water. The room was maintained
at 23+1°C and a humidity level of approximately 60%.

Drugs.  The following drugs were used in this
study: LPS (from Escherichia coli O127: B8; Sigma-
Aldrich, St. Louis, MO, USA), zolpidem (ZOLPIDEM
TARTRATE OD; Sawai Seiyaku Co., Tokyo, Japan),
(+)-bicuculline (Sigma-Aldrich), flumazenil (FUJIFILM
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Wako Chemicals, Osaka, Japan), and bumetanide
(Sigma-Aldrich). (+)-Bicuculline and flumazenil were
suspended in 0.5% methylcellulose solution, and
bumetanide was dissolved in 0.1N NaOH. Mice were
intraperitoneally (i.p.) injected with LPS, (+)-bicucull-
ine, and flumazenil at 10 mL/kg body weight and with
zolpidem and bumetanide at 20 mL/kg body weight.
Control mice were administered vehicle.

Behavioral study design for the duration of zolp-
idem-induced LORR.  Behavioral experiments were
conducted exclusively at 10:00-14:00. LORR was
defined as the state in which the mice were lying on
their back and unable to regain an upright position for
at least 30 sec. The duration of LORR was defined as the
time from the initial LORR until restoration. In the
behavioral study, mice were divided into four groups:
zolpidem, zolpidem+LPS, zolpidem +drug (bicucull-
ine, flumazenil, zolpidem), and zolpidem + LPS + drug
(bicuculline, flumazenil, zolpidem). First, the dosage
of zolpidem required to achieve LORR was determined.
Mice were injected with LPS one day before testing for
zolpidem-induced LORR; bumetanide was adminis-
tered 30 min before LPS administration, and bicucull-
ine or flumazenil were administered 30 min before
zolpidem administration. The doses of bumetanide,
bicuculline, and flumazenil were selected based on pre-
vious reports. [11,14] The duration of LORR was cal-
culated by subtracting the time of LORR onset from that
of LORR recovery. [11,16,17] The schedule used for
the behavioral studies is shown in Fig. 1.

Serum cytokine measurements. As shown in
Fig.2, mice were divided into four groups, namely the
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Fig. 1 Experimental design for the behavioral studies.
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vehicle group, and 2-h, 5-h, and 24-h post-LPS-treat-
ment groups. Animals were decapitated 2 h, 5h, or
24 h after LPS administration, and blood samples were
obtained from the decapitated mice at each of these
time points. The serum levels of interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-a) were mea-
sured using commercially available enzyme-linked immu-
nosorbent assay kits (Thermo Fisher Scientific Inc.,
Cleveland, OH, USA) following the manufacturer’s
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instructions.

Measurement of mRNA expressions of 116, Tnfa,
GABA4 receptor subunits (Gabral, Gbarb2, and
Gabrg2), Nkccl, and Kcc2 by real-time quantitative
polymerase chain reaction.  The hippocampus and
frontal cortex of individual animals were used to isolate
the total RNA using Maxwell RSC" simply RNA Tissue
Kit from Promega (Madison, WI, USA). ReverTra
Ace" quantitative polymerase chain reaction (QPCR) RT
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Effects of LPS on serum IL-6 and TNF-a concentrations (A), hippocampal (B) and frontal cortex (C) //6 and Tnfa mRNA expres-

sion in mice. IL-6 and TNF-a concentrations and mRNA expression were observed at 2 h, 5h, and 24 h after LPS administration (500 pg/kg,
i.p.). Values are expressed as means + SEMs (n=4-6 for each group). Data were analyzed using a one-way analysis of variance, and
group means were compared using Dunnett’s test. **p<0.01 significantly different from the control group. N.D., not detected.



230 Wadaetal.

Master Mix from TOYOBO (Osaka, Japan) was used to
perform reverse transcription on 1 pg of total RNA
from each sample. Real-time PCR amplification was
performed using the StepOnePlus™ Real-Time PCR
system (Thermo Fisher Scientific, Waltham, MA,
USA). Primer sequences, target genes, and other
related information are provided in Table 1. The PCR
protocol consisted of an initial denaturation step at
95°C for 20 sec, followed by 40 cycles of denaturation
at 95°C for 1 sec and annealing/extension at 60°C for
20 sec. Upon completion of the reaction, specificity
was confirmed using melting curve analysis. To quan-
tify the total expressions of the GABA4 receptor al
(Gabral), B2 (Gabrb2), and y2 (Gabrg2) subunits and
those of 116, Tnfa, Nkccl, and Kcc2, forward and reverse
primers and probes were designed (Integrated DNA
Technologies, Coralville, IA, USA). The relative mRNA
expression was normalized to that of Gapdh. The com-
parative cycle threshold (AACt) method was used for
calculating each target gene [18].

Statistical analysis.  All data are expressed as
means + standard errors of the mean (SEMs). Statistical
analysis was performed using Excel-Tokei ver. 7.0
(Esumi Co. Ltd., Tokyo, Japan). The data were ana-
lyzed using a two-tailed Student’s t-test, while one-or
two-way analysis of variance was used to evaluate the
other data. Multiple comparison tests (Dunnetts and
Tukey’s tests) were then conducted to determine statis-
tical significance, which was set at p <0.05.

Results

Effects of LPS on IL-6 and TNF-« serum concentra-
tions.  LPS administration increased serum levels of
IL-6 and TNF-a at 2h and 5h after the treatment,
respectively. However, serum concentrations of I1L-6
and TNF-a were normalized after 24 h (Fig.2A).

Effects of LPS administration on the mRNA expres-
sion of 116 and Tnfa in the hippocampus and frontal
cortex. 116 mRNA expression significantly increased
in the hippocampus and frontal cortex of mice at 2 h
after LPS administration (hippocampus: F[3,19]=6.32,
p<0.01; frontal cortex: F[3,17]=14.26, p<0.01;
Fig.2B,C), whereas that of Tnfa significantly increased
at 2 h or 5 h after LPS administration (hippocampus:
F[3,17]=32.15, p<0.01; frontal cortex: F[3,15]=12.25,
p<0.01; Fig.2B,C).

Effects of zolpidem on LORR duration.  To deter-

Acta Med. Okayama Vol. 78, No. 3

mine the optimal dose of zolpidem for administration,
the duration of LORR was measured at three doses (50,
75, and 100 mg/kg i.p.). The incidence of LORR fol-
lowing zolpidem treatment was 75% at 50 mg/kg and
100% at =75 mg/kg (Table 2). Therefore, a 75 mg/kg
dose was used in further experiments.

Effects of bicuculline and flumazenil on the dura-
tion of zolpidem-induced LORR mediated by LPS.
We measured the duration of zolpidem-induced LORR
24 h after LPS administration. This phenomenon was
significantly extended upon LPS administration (Fig. 3).
We studied whether the extension of zolpidem-induced
LORR by LPS was related to the GABAx receptor (bicu-
culline: GABAA receptor antagonist) and benzodiaze-
pine receptor (flumazenil: benzodiazepine receptor
antagonist). Bicuculline injection significantly decreased
the duration of LORR in LPS-treated mice but not in
control mice (LPS: F[1,11]=23.14, p<0.01; bicucull-
ine: F[1,11]=2.81, p=0.12; LPSxbicuculline:
F[1,11]=1.19, p=0.30; Fig.3A). Flumazenil signifi-
cantly decreased the prolongation of LORR in LPS-
treated mice but not in control mice (LPS: F[1,11]=
32.74, p<0.01; flumazenil: F[1,11]=5.83, p<0.05;
LPS x flumazenil: F[1,11]=0.58, p=0.46; Fig.3B).

Effects of LPS on GABA. receptor subunits. ~ We
focused on the site of the GABAA receptor that could
bind benzodiazepines. LPS did not affect the expression
of the GABAA receptor subunits (Gabral, Gabrb2, and
Gabrg2) in the hippocampus or frontal cortex at 24 h
after the treatment (Fig.4).

Effects of LPS and bumetanide on the duration of
zolpidem-induced LORR. We evaluated whether
bumetanide, an NKCC1 blocker, could prevent the
duration of zolpidem-induced LORR. Bumetanide
(30 mg/kg, i.p.) attenuated zolpidem-induced LORR in
normal mice. Administration of LPS significantly
increased the duration of zolpidem-induced LORR.
Bumetanide blocked the increased duration of zolp-
idem-induced LORR (LPS: F[1,11]=38.44, p<0.01;
bumetanide: F[1,11]=16.07, p<0.01; LPSxbumeta-
nide: F[1,11]=6.40, p<0.05; Fig.5).

Effects of LPS on Nkccl and Kcc2 mRNA expres-
sions in the hippocampus and frontal cortex. To
clarify whether Nkccl and Kcc2 mRNA expression
changed during inflammation, we examined their
expression at three time points (2 h, 5 h, and 24 h after
LPS injection). Nkccl mRNA expression remained
unchanged in LPS-induced inflammation (hippocam-



LPS Enhanced the Effect of Zolpidem 231

June 2024

‘NS F uesw 8y Se passaidxs ale senjep

8 ¢l +988 00l
8 9C+6'LS 7
9 J'GFQLE 0s
(dnoug Jed g =u) SSO| Xa|jal SUNYSI YIIM S[eWIue JO Jagquiny (INIS F uesw ‘sslnuiw) SsO| xaja4 Sunysi Jo uoneing ('d'1 ‘8%/8w) 8soqg

80IW Ul Xaja) SuNySII JO SSO| PaoNpuI-WapId|0z Jo souspiou] g 8|qel

Jled eseq ‘dg ‘eseusgoipAysp 81eydsoyd-g-epAy

-9p|esgoh|3 ‘ypden g WIojos! JuodsuRl0D [D-, ) ‘Zo0y 1] WIOJOS! JoJodsuelo0 _|DZ- . M-.BN ‘[OOYN - ewweS Jungns ‘iojdeoai i ploe olAingoulwe-ewwes ‘Z8igey g
eleq Jungns ‘Jojdadal y pioe ouAinqoulwe-ewwesd ‘zqiqgen | eyde yungns ‘i0)dadas y pIoe ouAinqoulwe-ewwes ‘[eigen (9 upnajieul ‘gj :40}oe} SIS0I08U Jown) ‘Juj

9/8-1¥/ [s]f} DgV1/310000008e1108]1/NJ7,/0eed0edde /|\ 4 81e81101100200801108 eeg108e8e0001e0138ee 1922682100 INN ypder
210'2-9.8°1 1€) D44gV|1/1e0118120100088/NJZ,/100810100/ Ay Sleeeleloe)81ego1oe188000  10j010e8810e00ee0801e  1'087GSEL00 AN 299y
¥20°1-8€6 /8 DMgYV|/1000e0e)ER10e380 /NTZ/3808180ER /N V4 S1eeed000eoe0)E03esSe 3113e33eee)8e3e3003810 £¥61600 INN L OO4N
(€01 .9) (da) (,£ 01,5) @qoid (,£ 01 ,G) 8sianay (,£ 01 ,G) premio Jaquinu UoISS8d0Y |oquWIAS auar)

uoisod uooI|dwy

Zo2y pue [ 29N (D)

9/8-Lv. 9L 0gV1/810000008e1031/N3Z,/0eed0ed0e /N 4 31e31101100800B01103 ees8103e8e000)ed)33ee 1'92.682100 INN Ypdes
€Y' L-Crel c6 0gVI/0188130)1e010e08 /NJZ7,/0810000e /Y4 1BHOOledSeoee33e0s3  Oeloe3e00jeo0edloe}old L'80vLLL AN Zsiqen
016T-€I¥'T 86 0Mgv|/08e0e0e833138e33 /N7 /eelseees),/ NV 1010)018e300011€88}  Jee}0}333ee0jo)es)Si3 6020800 1NN c9iqen
01292t Skl D-pgyI/oSie108eessoneeee) /NJZ,/080008100/ N4 S08BS10R00RRORI0810)  S1er000Siees)ogeses) 6052010 AN Jeigen

(£01.9) (da) (€ 01 ,5) 800id (. 01,G) esionay (,€ 01,G) premio JAQUINU UOISSB00Y  |0qWIAS BUBE)

uoisod uoo1dwy

csiqen pue ‘zqiqes ‘jeiqes (g)

9/8-1v. 9€l 81e31101100800801103 eeg]0gese000jed]sgee 1'92.,682100 N ypden
626-812 AN oejeolisngoleoleosiseeds  e)1088e88018eR0RI10B00 2'89LL€0 NN i
9G5-GEY 44 81110181188118e102002088 £180)8080008€)8}008¢EE £€69¢L0 AN g
(g 01.9) (da)

Uonisoy  uooiduy (. 01,5) esienay (. 01 ,5) piemio J8qUWNU UOISS800Y  [0guIAS BusD

9l pue ju; ()

uoioeal ureyd aselswA|od-ase)diiosues) 8sIaAal 10} pasn S1as Jawiid ay) Jo seouanbas api10sonuosii0 | 8|qeL



232 Wada et al.

(A) Bicuculine

koK

150 ¢
B C
»n £
8= 100}
= 0
°%D
& w
‘E% 50 F
A3

0

— LPS

LPS

Bicuculine

Zolpidem (75mg/kg, i.p.)

Acta Med. Okayama Vol. 78, No. 3

(B) Flumazenil

Duration of loss of
righting reflex (min)

100
80
60

40
20
0

T
—

LPS

Flumazenil

Zolpidem (75mg/kg, i.p.)

Fig. 3  Effects of bicuculline (A) and flumazenil (B) on the duration of the zolpidem-induced loss of righting reflex in LPS-treated mice.
LPS (500 ug/kg, i.p.) was injected 1 day before the zolpidem-induced loss of righting reflex test. Bicuculline (3 mg/kg, i.p.) and flumaze-
nil (10 mg/kg) were administered to LPS-treated mice 30 min before zolpidem administration (75 mg/kg, i.p.). Values are expressed as
means £+ SEMs (n=6 for each group). Data were analyzed using a two-way analysis of variance, and group means were compared using
Tukey’s test for multiple comparisons. **p<0.01 significantly different from the control group, *p<0.05 significantly different from the LPS

group.
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LPS Enhanced the Effect of Zolpidem 233

pus: F[3,28]=0.96, p=0.43; frontal cortex:
F[3,20]=0.35, p=0.79; Fig.6A) whereas Kcc2 mRNA
expression in the hippocampus and frontal cortex sig-
nificantly decreased 2 h and 5 h after LPS administra-
tion, respectively (hippocampus: F[3,20]=2.89, p=0.06;
frontal cortex: F[3,20]=3.50, p<0.05; Fig.6B).

Discussion

We previosely reported that at 24 h after adminis-
tration, LPS significantly increased the duration of
pentobarbital-induced LORR treated with diazepam,
brotizolam and muscimol compared with vehicle treat-
ment [11]. This result suggests that inflammation
enhances benzodiazepine receptor agonist activity
through the GABA4 receptor activity. In a mouse
model of inflammation, we examined the duration of
LORR induced by zolpidem, a widely used hypnotic
non-benzodiazepine agent. LPS administration
strengthened the effects of zolpidem by extending the
duration of zolpidem-induced LORR in the mice.
Zolpidem markedly increased the duration of LORR in
inflammatory conditions; this increment is intriguing
from the viewpoint of the mechanism of action.
Furthermore, the stimulatory action of zolpidem was

Frontal cortex
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LPS (500ug/kg, i.p.)

Fig. 6  Effects of LPS on Nkcc? (A) and Kec2
(B) mRNA expressions in the hippocampus and
frontal cortex of mice. Hippocampal Nkcc1 and
Kee2 mRNA expressions were observed at 2 h,
5h, and 24 h after LPS administration (500 ug/
kg, i.p.). Values are expressed as the means +
SEMs (n=6 for each group). Data were analyzed
using a one-way analysis of variance, and group
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significantly decreased by bicuculline, a GABAA recep-
tor antagonist, and flumazenil, a benzodiazepine
receptor antagonist. Flumazenil, a benzodiazepine
receptor antagonist, has been shown to reverse the hyp-
notic effects of zolpidem, a non-benzodiazepine agent
by the competitive pharmacodynamic antagonism on
the benzodiazepine site [19]. Based on such findings, it
appears that the stimulatory effects of zolpidem are
mediated by the benzodiazepine-binding site on the
GABA4 receptor. In contrast, LPS administration
increased serum IL-6 and TNF-a concentrations and II6
and Tnfa mRNA expression in the hippocampus and
frontal cortex at 2h and 5h after administration,
respectively. In particular, inflammatory conditions, as
evidenced by the presence of pro-inflammatory cyto-
kines, may be altered by benzodiazepine activity
through GABAa receptor function [20,21]. The
enhancing effect of GABA4 receptors and benzodiaze-
pine receptor function may be related to the initial
increase in IL-6 and TNF-a levels following LPS admin-
istration in mice.

We also explored the potential correlation between
alterations in Gabral, Gabrb2, and Gabrg2 expression
and variations in LORR duration. The GABA4 receptor
comprises a five-subunit complex (two a subunits, two
B subunits, and one y subunit). GABA, receptors con-
taining al subunits are associated with sleep, antiepi-
leptic effects, and sedation. Benzodiazepines bind to
the benzodiazepine receptor located on the GABAa
receptor between the a and y subunits [22]. We exam-
ined the effects of LPS on the GABA receptor subunits
(Gabral, Gabrb2, and Gabrg2). The expression of
Gabral, Gabrb2, and Gabrg2 did not change after LPS
administration. Therefore, it is unlikely that the mech-
anism underlying the prolongation of LORR by LPS is
related to changes in the expression of Gabral, Gabrb2,
and Gabrg2. Some agents directly activate the GABA4
receptor, whereas others influence the chloride ion (CI")
channel opening directly. The role ofintracellular CI°
concentration is regulated in postsynaptic neuron
responses caused by the activation of GABAx receptors
[23]. However, because an experiment for directly
measuring Cl~ could not be performed, we focused on
NKCC1 and KCC2 transporters. These transporters
modify the inhibitory effect of GABAergic function by
changing the intracellular chloride concentration
[24,25]. First, we focused on NKCC1, which moves
Cl” into cells. Bumetanide was used as an NKCCI

Acta Med. Okayama Vol. 78, No. 3

blocker [26,27]. Bumetanide significantly inhibited the
LPS-induced increase in the duration of zolpidem-
induced LORR by LPS administration. This may be
attributed to the increasing effect of zolpidem-induced
LORR or an increase in intracellular CI~ concentration
through NKCC1 mediated by LPS administration.

Our study focused on the hippocampus and frontal
cortex, which have many al (wl) subunits and are
affected by zolpidem, investigating the effects of LPS on
the mRNA of Nkccl and Kee2 in the hippocampus and
frontal cortex of mice. Nkccl mRNA expression was
predicted to increase owing to LPS administration.
However, LPS administration did not alter Nkccl
mRNA expression in the hippocampus or frontal cortex.
In contrast, the mRNA levels of Kcc2 decreased after
LPS administration (at both 2 and 5 h). In a previous
study, LPS reduced KCC2 expression in treated pri-
mary cultured rat cells, and IL-1B was important for
maintaining KCC2 expression [28]. Thus, we hypothe-
sized that KCC2 downregulation may be related to
changes in LPS-induced pro-inflammatory cytokines.

Furthermore, the stimulatory effect of zolpidem-
induced LORR may be attributed to the failure to regu-
late the function of the intracellular Cl™ efflux by LPS
administration. In other words, inflammatory condi-
tions increased the inhibitory effects of the GABAa
receptor, resulting in a high intracellular Cl~ concentra-
tion through a reduction in the movement of CI” out of
the cells owing to decreased KCC2 expression. Therefore,
higher intracellular Cl” concentrations may be at least in
part responsible for the enhancement of zolpidem-
induced LORR. However, this study has some limita-
tions. First, we did not investigate the effects of LPS
administration on intraneuronal CIl™ levels. Further
studies are required to assess these effects.

Clinically, the inflammatory conditions investigated
in this study may represent post-operative conditions in
which benzodiazepine receptor agonists are sometimes
used. It is well known that the incidence of post-opera-
tive delirium is significantly higher in patients treated
with benzodiazepine receptor agonists [2-5]. We think
that these effects may be closely related to the relation-
ship between inflammation and GABA activity. This
study indicated that the stimulatory effect of zolpidem
may contribute to KCC2 dysfunction in LPS-treated
mice. Consistent with previous findings, our results
provide insights into the pharmacological effects of
benzodiazepines and non-benzodiazepines, including
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oversedation, decreased responsiveness, and drowsi-
ness under inflammatory conditions. Notably, caution
should be exercised when using benzodiazepines in
cases of inflammation, because inflammation was found
to disturb the equilibrium of Cl” in GABAa receptors in
this study. However, the detailed mechanisms of CI°
transporters and GABAa receptor function during
inflammation require further investigation.
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