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Abstract: Interleukin (IL) 6 and 18 plays an important role in inflammatory response following hypoxia ischemia
encephalopathy (HIE). Present study was designed to demonstrate the effect of two GABAp receptor antagonists (CGP
35348 and 55845), respectively, on the serum IL6 and IL 18 concentrations in albino mice. Albino mice pups (of both
genders) were subjected to Murine model of hypoxia-ischemia encephalopathy on postnatal day 10 (right common
carotid artery was ligated followed by 8% hypoxia for 25 minutes). After neonatal brain damage and following weaning,
mice were divided in three groups, in gender specific manner, and fed on normal rodent diet till they were 13 week old.
At this time point, group 1 received intraperitonial saline solution (control group), group 2 was supplemented with CGP
35348 (Img/ml solvent/Kg body weight) and group 3 with CGP 55845 (1mg/ml solvent/Kg body weight),
intraperitonially, for 12 days and IL 6 and 18 concentrations were determined in serum by ELISA. It was observed that
CGP 35348 supplementation resulted in reduced interlukin-6 and interlukin-18 concentrations in male albino mice.
While CGP 55845 supplementation increased IL-6 and IL-18 concentrations in female albino mice following HIE. Our
results are indicating that GABAp receptor antagonist’s supplementation affects IL concentrations in albino mice in a
gender specific manner following neonatal brain damage and can be further explored for the treatments of hypoxia

ischemia associated neurological ailments.
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INTRODUCTION

During gestation or delivery the accidental asphyxia of
infants or perinatal hypoxia ischemia (HI) is a general
source of neurological deficits (Kaltschmidt et al., 1994).
It has been reported that inflammatory mediators,
including inflammatory cytokines, add significantly to the
pathogenesis that is linked with perinatal brain injury
(Bona et al., 1999; Hedtjarn et al., 2002; Eltzschig and
Carmeliet, 2011).

In the complex neuro toxic cascade, several inflammatory
cytokines interleukin (IL) 6, 1b, 18 and tumor necrosis
factor o (TNF-a) are reported to be involved (Jensen,
2001; Plutzky, 2001; Hojo et al., 2002) and as a result a
process of self-sustaining secondary neurodegeneration in
vulnerable central nervous system (CNS) regions is
activated (Northington et al., 2001; Lalouschek et al.,
2006). IL-6 has been reported to be up-regulated after
focal permanent ischemia in rats (Wang et al., 1995) and
transient global ischemia in gerbils (Saito et al., 1996).
IL-18 is a cytokine isolated as an important modulator of
immune responses (Gracie et al., 2003). IL-18 and its
receptors are expressed in the CNS where they participate
in neuro-inflammatory/neurodegenerative processes but
also influence homeostasis and behavior (Alboni et al.,
2010).
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GABAg receptors are heterodimeric G protein-coupled
sites located both pre- and postsynaptic ally in CNS
(Stuckey et al, 2005). Activation of N-methyl-D-aspartate
(NMDA) receptors may induce GABA release, which
subsequently inhibits plasmalL-6 levels through both
GABA, and GABAg receptors (Song et al., 1998). CGP
35348 is a GABAg receptor antagonist with considerably
higher affinity for post versus presynaptic receptors (Olpe
et al., 1993b) that crosses the blood—brain barrier (Olpe et
al., 1993a). CGP 55845, another recently introduced
GABAGg receptor antagonist, was tested on pre- and post-
synaptic GABAg receptors in the hippocampus (Davies et
al., 1993) and reported to be more active at presynaptic
sites in the hippocampus (Olpe et al., 1994). Present study
was designed to demonstrate the effect of GABAg
receptor antagonists (CGP 35348 and CGP 55845) on
serum IL-6 and 18 concentrations in albino mice, if any.

MATERIALS AND METHODS

Subject

Albino mice [both male (N=30) and female (N=30)] were
used in the present study. Mice were maintained in locally
manufactured cages provided with wood chips at the core
animal facility in Bio park ofBahauddin Zakariya
University, Multan. Albino mice were kept in separate
cages with free access to water and standard rodent diet
throughout the experimental duration. Room temperature
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was maintained at 22+1°C and relative humidity was
50+10%. The light/dark rhythm was 14:10. All the
experimental procedures and mouse handling protocols
were approved by the ethical committee of Institute of
Pure and Applied Biology, Bahauddin Zakariya
University, Multan.

Murine model of hypoxia-ischemia encephalopathy

On postnatal day 10 of pups, equivalent to the brain
growth of 40 weeks gestational age in human fetus
(Romijn et al., 1991), pups were sedated with isoflurane
(3%) inhalation. A right lateral neck cut was made and the
right common carotid artery was ligated using
polypropylenedalcon USP 6 suture. Pups were kept on a
hot plate with stable 36°C temperature during the surgery.
The whole surgical procedure was completed within 10
min after which pups were permitted to recover and look
after for 30 min with their dams. Mice were then placed
for 25 min in a hypoxic chamber with steady flow of 8%
Oxygen balanced with Nitrogen. The hypoxic chamber
was kept on hot plate to keep the ambient temperature
inside the chamber at 36°C. Following hypoxic exposure,
pups were taken back to their mothers for revitalization.
Following weaning on postnatal day 20, mice were
separated from their parents and housed in individual
cages.

Experimental Design

Following weaning, mice were separated from their
parents and fed on normal mouse diet until 13™ week of
life when they either received intraperitoneal injections of
GABAg receptor antagonists {CGP 35348 [(3-
aminopropyl), (diethoxymethyl) phosphinic acid] (N=5
for each gender) and CGP 55845 [3-N [1-(S)-(3,4-
dichlorophenyl) ethyl] amino-2-(S)-hydroxypropyl-P-
benzyl-phosphinic acid (N=5 for each gender) at the rate
of 1mg/ml solvent/Kg body weight} or saline solution
(N=5 for each gender) for 12 days.

Blood sampling

At the end of experiment, blood was sampled from either
retro-orbital sinus or through direct cardiac puncture
under chloroform inhalation. Blood was centrifuged for
ten minutes at 13000 rpm and serum was separated for
biochemical analysis of interleukin.

Determination of interleukin 6 and 18

Interlukin 6 was measured by using enzyme-linked
immunoabsorbent assay, Mouse 1L-6 antibody pair
(Invitrogen, California). Interlukin18 were measured by
using enzyme-linked immunoabsorbent assay by using
ELISA Kit (MBL, Japan). Ils were determined following
the instructions of the kit manufacturers.

STATISTICAL ANALYSIS

All the data is expressed as Mean + Standard deviation.
Statistical package Minitab (version 16, Pennsylvania)
was used for the analysis of results. 2 sample t-test was

applied to compare IL concentrations between treatment
groups following hypoxia ischemia encephalopathy.

RESULTS

Data analysis revealed that interlukin-6 concentration in
serum significantly decreased in male albino mice treated
with CGP 35348 in contrast to their saline treated control
group following HIE (P<0.001). Female albino mice
treated with CGP 35348 had no significant difference in
interlukin-6 concentrations as compared to their control
group following HIE (fig. 1).
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Fig. 1: Comparison of Interlukin-6 concentrations in serum
between saline and CGP 35348 treated male and female albino
mice following hypoxia ischemia encephalopathy. Data is given
as mean + standard error of mean. Two sample t- test results
expressed as P - value.
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Fig. 2: Comparison of Interlukin-18 concentrations in
serum of saline and CGP 35348 treated male and female
albino mice following hypoxia ischemia encephalopathy.
Data is given as mean *+ standard error of mean. Two
sample t- test results expressed as P - value.

A similar trend was observed when interleukin 18
concentrations in serum were determined. Results
revealed that male albino mice treated with CGP 35348
had significantly lower interlukin-18 concentration in
serum (P=0.001) when compared to their saline treated
control group. CGP 35348 did not affect the levels of
interlukin-18 in female albino mice indicating that CGP
35348, in a gender specific manner, affects IL 18
concentration in albino mice following HIE (fig. 2).
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When interleukin concentrations were analyzed in CGP
55845 treated and untreated animals, results revealed that
interlukin-6 concentration significantly decreased in male
albino mice serum when compared to their saline treated
control group following HIE (P<0.001). On the other
hand female albino mice treated with CGP 55845 had
significantly increased interlukin-6 levels (P=0.001) when
compared to their saline treated control group following
HIE (fig. 3).
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Fig. 3: Comparison of Interlukin-6 concentrations in
serum between saline and CGP 55845 treated male and
female albino mice following hypoxia ischemia
encephalopathy. Data is given as mean + standard error of
mean. Two sample t- test results expressed as P - value.
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Fig. 4: Comparison of Interlukin-18 concentrations in
serum of saline and CGP 55845 treated male and female
albino mice following hypoxia ischemia encephalopathy.
Data is given as mean =+ standard error of mean. Two
sample t- test results expressed as P - value.

For interlukin-18 concentrations, data analysis revealed
that male albino mice treated with CGP 55845 had
significantly lower interlukin-18 (P<0.001) concentrations
in serum as compared to their saline treated control group.
While increased levels of Interlukin-18 (P<0.001) in
female albino mice was observed when compared with
their saline treated control group following HIE indicating
that CGP 55845 also have gender specific effects
interleukin concentration in serum (fig. 4).

Quratulane Gillani et al

DISCUSSION

In humans and animal models of hypoxia-ischemia,
neuro-inflammation has been extensively studied
(Morganti-Kossmann et al., 2007) and overall increase of
cytokines in the central nervous system following brain
damage has been reported (Stover et al., 2000; Ziebell and
Morganti-Kossmann, 2010; Frugier et al., 2010; Xia et
al., 2010). Among various cytokines, IL-6 and IL-18 has
been extensively studied following brain damage (Del
Zoppoet al., 2000; Macrez et al., 2011). IL-6 is produced
in response to hypoxia by endothelial cells of peripheral
blood vessels (Yan et al., 1997). While in the CNS,
ischemia induced IL-6 release from both neurons and
microglia (Maeda et al., 1994; Suzuki et al., 1999 a, b).
Experimental and clinical studies of different pathological
situation including Wallerian degeneration, microbial
infections, focal cerebral ischemia, traumatic brain
injuries and hypoxic-ischemic suggest that IL-18 is
involve in several neuroinflammatory reactions
(Felderhoff-Mueser et al., 2005). Recent papers
mentioned that thromboembolic stroke cause activation of
IL-18 in mice brain (Abulafia et al., 2009) or after
hypoxia-ischemia raise of IL-18 levels occurs in young
hippocampus of mice (Qiu et al., 2007).

Our results for interlukin-6 and 18 concentrations in
serum indicated that CGP 35348 helped in reducing IL-6
and IL-18 levels in male albino mice but they remained
unaffected in female albino mice. On the other hand, CGP
55845 reduced the IL-6 and IL-18 concentration in serum
in male albino mice but in female albino mice it caused an
increased in IL-6 and IL-18 levels in serum following
HIE. Continuous increase in the production of plasma IL-
6 after brain injury is a sign of poor prognosis and
increase of infectious complications (Woiciechowsky et
al,, 2001; Arand et al., 2001; Kushi et al., 2003).
Gopcevic et al. (2007) and Berger et al. (2009) had
reported as increase in IL-6 and IL-18 concentration in
serum and cerebrospinal fluid (CSF) of human following
moderate and severe traumatic brain injury.

Our results indicated that GABAg receptor antagonist
CGP 35348 and CGP 55845 supplementation was
reducing the inflammation in male albino mice only after
brain injury. While in female albino mice, CGP 55845
caused an increase in inflammation, which was the sign of
poor recovery. An increase in IL-6 levels observed in
present studies are supported by several investigations
following cerebral ischemia in rodents (Hill et al., 1999;
Orzylowska et al., 1999; Suzuki et al., 1999a, b; Ali et al.,
2000; Block et al., 2000; Legos et al., 2000). Taupin et
al., (1993) had reported an increase in IL-6 expression in
both hemispheres after mechanical brain injury in rat
brain. Similar observations were reported after transient
global ischemia in gerbils (Saito et al., 1996) and focal
permanent ischemia in rats (Wang et al., 1995). Song et
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al.,, (1998) had reported that injection of baclofen
(GABAg receptor agonist) reduces the plasma IL-6 levels
increased by restraint stress. In contrast, injection of 2-
hydroxysaclofen (GABAg receptor antagonist) increased
plasma IL-6 levels caused by basal and restraint stress.
Effect of baclofen suggested that these GABAg receptor
agonists inhibit central neural circuits, which are involved
in the stress-induced, peripheral sympathetic nervous
system-mediated increase in plasma IL-6.

In conclusion, we have reported that GABAg receptor
antagonists CGP 35348 helps in reducing the
inflammatory interlukin-6 and interlukin-18
concentrations in male albino mice while CGP 55845
causes an increase in IL-6 and IL-18 concentrations in
female albino mice following HIE. These findings
indicates that neonatal HIE has different mechanisms of
brain damage and recovery in albino mice and GABAB
receptor antagonist, CGP 35348, may play a role in
treatment of hypoxic ischemic brain damage in a gender
specific manner but more in detailed studies are required
to confirm this observation.
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