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Effects of dexamethasone on aquaporin-4 expression in
brain tissue of rat with bacterial meningitis
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Abstract: Aquaporin-4 (AQP4) is the most popular water channel protein expressed in brain tissue and plays a very
important role in regulating the water balance in and outside of brain parenchyma. To investigate the expression of
aquaporin-4 in the rat brain tissue after dexamethasone therapy of meningitis induced by Streptococcus pneumo-
nia, total 40 of 3-week old Sprague-Dawley rats were divided into infection group (n=30) and normal control group
(n=10). The meningitis groups were infected with 1x10” cfu/ml of Streptococcus pneumoniae and then random-
ized into no treatment (untreated group, n=10), treatment with ceftriaxone (CTRX group, n=10) and treatment with
dexamethasone combined ceftriaxone (CTRX + DEXA group, n=10). The normal control group was established by
using saline. The rats were euthanized when they reached terminal illness or five days after infection, followed by
detection of AQP4 through using immunohistochemistry and Western blot methods. Data has showed that expres-
sion of AQP4 in model group remained higher than the control and treatment group (P<0.05). AQP4 expression in
CTRX + DEXA group was lower than that in CTRX group (P<0.05). There was no statistical difference between CTRX
+ DEXA group and the control group (P>0.05). These data suggested that Dexamethasone could down-regulate the
expression of AQP4 in the brain tissue of rats with meningitis and provides evidence for the mechanism of protective
effect of Dexamethasone on central neurosystem.
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Introduction pressure to rise and leading to brain herniation,
ischemia and even death [6]. The molecular
mechanisms responsible for the brain edema
with bacterial meningitis are poorly understood.
Meta-analysis has shown that adjunctive
administration of dexamethasone in the treat-
ment of children with acute bacterial meningitis
could significantly reduce the fever days, hear-
ing impairment and reactive arthritis and with-
out increase the risks of serious adverse events
[7]. At the same time there is also some contro-
versy about the application of dexamethasone
[8, 9]. It is known that dexamethasone has the
ability to decrease pro-inflammatory cytokines
and inhibits the reactive oxygen spices pro-

Meningitis is a very important acute infectious
disease of the central nervous system and
remains a major challenge globally, especially
for neonatal and children patients [1]. Bacterial
infection is the major cause of meningitis in
children younger than 5 years old. Among the
major pathogens, Gram-positive bacteria Stre-
ptococcus pneumoniase is a very common and
aggressive pathogen and culprit for about 6%
of all cases [2]. Despite all the advances of the
antimicrobial therapy, bacterial meningitis
patients’ long-term sequel, including blindness,
deafness, cerebral palsy, seizures, hydrocepha-
lus impairments are still high after recover and

present in approximately 25-50% of survivor
[3-5]. A major complication associated with
poor outcome in bacterial meningitis is brain
edema, which could cause the intracranial

duced by leukocytes thus could do a favorable
effect during the treatment as adjunctive thera-
py [10], while the underlying mechanism is not
fully understand yet.
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Aquaporin-4 (AQP4) is one of the most popular
water channel protein expressed in brain tissue
and play a significant important role in keeping
water balance and regulation of water distribu-
tion of the brain [11]. It is well recognized that
hippocampus along with cortex are the two
brain structures which were prominently affect-
edin bacterial meningitis. Nau’s group observed
the apoptosis of granular cells in the dentate
gyrus frequently occurs in the autopsy cases
[12]. We want to explore if AQP4 also plays a
role in the hippocampus during the bacterial
meningitis by detecting the expression changes
in the rat bacterial meningitis model to better
understanding the mechanism of dexametha-
sone on brain tissue under the bacterial menin-
gitis context.

Material and methods
Reagents and bacterial strain

streptococcus pneunoniae serotype Il was pur-
chased from CMCC (stain number 31003). All
other reagents were purchased from Sigma
(Sigma-Aldrich, St. Louis, MO, USA) or specifi-
cally marked.

Experimental animals

Total 40 mixed gender of 3 weeks old Sprague-
Dawley rats were used, weighting approximate-
ly 60-80 g. Animals were randomly assigned to
one of these four groups (n=10 each): 1) saline
control group; 2) untreated group; 3) ceftriax-
one (CTRX) group; 4) CTRX + dexamethasone
(DEXA) group. All groups were introduced with
bacteria injection into the cisterna magna
except for saline control group, which only got
injected with saline. After 24 hours of injection
of bacteria, animals were treated differently
according to the group assign. Control group
use 2ml of saline injected intraperitoneally.
Dose of the subcutaneous injection of ceftriax-
one and intraperitoneally administration of
dexamethasone are 100 mg/kg/d and 3 mg/
kg/d, respectively. Medical treatment contin-
ued for three days and animals were sacrificed
at day five.

Bacterial meningitis model

Animal model were established based on meth-
od published previously [13]. Briefly speaking,
rats were anesthetized with 10% chloral
hydrate (200 mg/kg) injected intraperitoneally.
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The head was then secured with a stereotactic
frame and after the injection needle reached
cisterna magna, move away 50 microliter of
cerebrospinal fluid and inject 50ul (1x107/ml
CFU) of streptococcus pneumoniae. After 24 h
of injection, cisternal cerebrospinal fluid was
drawn and leukocytes numbers were counted
and neurological examinations were performed
every 12 hours based on Longza et al literature
[14]. Specifically, the neurologic findings were
scored on this five-point scale: score O repre-
sents no neurologic deficit; a score of 1 (failure
to extend left forepaw fully) represents a mild
focal neurological deficit; a score of 2 (circling
to the left) means a moderate focal neurologic
deficit and a score of 3 (falling to the left) repre-
sents for a severe focal deficit. Rats with a
score of 4 could not walk spontaneously and
has a depressed level of consciousness. Rats
with score above 1 are considered neurologic
deficit.

Immunohistochemistry assay of APQ4

Rats were sacrificed by decapitation and the
left hemisphere was conventional formalde-
hyde-fixed (10%) for 24 h and then went through
steps of paraffin embedding. The right side
samples were frozen in -80°C for western blot
assay. Specifically, deparaffinated and rehy-
drated brain tissue were serially sectioned into
5 pm thickness slices through hippocampus at
the coronal direction. All sections were incubat-
ed with 3% H,0, in Tris-buffered saline (PBS) for
10 min at room temperature to quench endog-
enous peroxidase. After that, the sections were
heated with microwave in citrate buffer (0.016
M citric acid and 0.084 M sodium citrate)
adjustment of the buffer between each heating
session. The slides were incubated with 5%
bovine serum albumin (BSA) dissolved in PBS
for 10 min at room temperature to block non-
specific binding. Then the sections were incu-
bated with the anti-aquaporin monoclonal anti-
bodies (1:200 dilution. Bostar) overnight at
4°C. Following completely rinses, the samples
were incubated for 1 hour with horseradish
peroxidase-conjugated goat anti-rabbit | gG
(1:500 dilution. Boster). After washing, slides
were incubated in 3, 3-diaminobenzidine (DAB)
(0.5 mg/ml in PBS) for 5 minutes at room tem-
perature. In some case we have used the
Boster Kits. Finally the sections were washed in
distilled water, dehydrated with ethanol, cle-
aned in xylene and mounted permanently.
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Table 1. Neurological scores of different groups after infection for 24 hours

(analysis of variance)

and 5 days followed by Newman-
Group 24 h after infection 5 days after infection Keuls test. P valqe
less than 0.05 is
Untreated 2.70+0.67 3.33+0.81 . -
i R considered as signifi-
Ceftriaxone treatment 2.90+0.74 1.44+1.42 cant difference.
Ceftriaxone + Dexamethasone treatment 2.80+0.72 0.90+1.10"

“compared to untreated group, P value is less than 0.05.

Table 2. AQP4 protein expression in different groups

Results

Rat bacterial menin-
gitis model

Group N number AQP4 10D value After rat were infect
Saline control 10 43.5215.71 ed with streptococ-
Untreated 6 119.45+13.13" cus pneumonia, ani-
Ceftriaxone treatment 9 82.15+11.27 mal started to show
Ceftriaxone + Dexamethasone treatment 10 74.4549.26" neurological disorder

“compared to CTRX group, P value is less than 0.05.

Quantification of the staining intensity by
acquiring 10 fields under high magnification on
each slide with Olympus microscope (CX31-
LV320) and assessing the I0D (integrated opti-
cal density) with Image-pro Plus software (ver-
sion 6.0. PA, USA).

Western blotting analysis

The infrared imager (Li-Cor Odyssey, NA, USA)
was used to detect and quantify the AQP4 pro-
tein expression in brain. Specifically, the right-
side frozen hemisphere of hippocampus was
dissected out and mechanically homogenized.
Protein concentration was determined using
the Pierce BCA protein assay kit (Thermo Sci-
entific Inc. USA). For Western blots, 80 micro-
gram of protein extracts was loaded into
Nupage Bis-Tris gel (4%-12%. Invitrogen, USA)
and run under 80 volts for 2 hours. Then pro-
tein was transferred onto PVDF Immobilon
Membrane (Millipore, USA) at 4°C overnight. To
identify AQP4, rabbit anti-rat AQP4 polyclonal
primary antibody (1:400, Bostar, China) was
used. Membrane was then incubated with
infrared dye conjugated goat anti-rabbit
(1:20000, IRDye 800). Data was acquired by
using the Odyssey Infrared Imaging System,
where signal intensities were determined using
Li-Cor imaging software and exported to
Microsoft Excel.

Data analysis
Data were expressed as mean * standard devi-
ation. Comparisons of signal intensity among

different groups were performed with ANOVA
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symptoms from mi-

Id to severe extent,

including weariness,
reduced feeding and spontaneous activity,
drowsiness, fast, paralysis, ataxia, seizures,
coma and ever death. Among all these rats,
four were found dead in untreated group and
one found dead in CTRX group, while the other
two groups didn’'t record any mortality. The
saline control group didn’t show any visible neu-
rological symptoms and thus the score was O.
All others groups score were indicated in Table
1. The average score for 24 hours after infec-
tion were similar among different groups. Then
after intervention, score of CTRX + DEXA group
drops the most, from 2.80+0.72 to 0.90+1.0.
The other two groups’ score also reduced
accordingly.

AQP-4 protein expression in hippocampus

AQP4 protein was observed in all these tested
hippocampus tissue with different expression
intensity. Compare to CTRX treatment and
untreated group, AQP4 expression in CTRX +
DEXA group has been significantly reduced
(P<0.05), while it didn’t have significant differ-
ence with saline control group (Table 2, Figure
1).

Western blot

Tissue level of AQP-4 expression showed CTRX
and untreated groups have higher expression
of AQP4 than saline control and CTRX + DEXA
group and the difference are statistically signifi-
cant (Figure 2).

Discussion

Bacterial meningitis is a very common and
severe infectious disease in pediatric patients.
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Figure 1. Upper panel: representative picture of the Immunohistochemistry stain for AQP4 expression of hippocam-
pus tissue in different treatment groups. A: Hippocampus tissue of saline control group; B: Hippocampus tissue of
untreated group; C: Hippocampus tissue of CTRX treatment group; D: Hippocampus tissue of CTRX + DEXA treat-
ment group. All slides were using DAB as the chromogenic reagent and counterstained with hematoxylin. All pictures
were taken under high magnification of 400X. Lower panel: Integrated optical density of immunohistochemistry of
Aquaporin-4 (AQP4) expressions in four groups: 1 saline control group; 2 untreated group; 3 Ceftriaxone treatment
group (CTRX group); 4 Ceftriaxone plus Dexamethasone group (CTRX + DEXA group). Compared CTRX group with
both untreated and CTRX + DEXA group, P value is less than 0.05. Compared CTRX + DEXA group with saline group,
P value is more than 0.05.

Mortality could exceed 5% and approximately ternal ventricle to induce meningitis. 24 hours
10% patients suffer permanent central nerve after injection, all of the rats have shown differ-
system sequelae [15]. In this study, we injected ent extend of neurological symptoms and the
streptococcus pneumonia into the rat intracis- neurological score are similar, except for the
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Figure 2. Upper panel: representative western blotting for AQP4 expression.
Lane 1: saline control group; Lane 2 untreated group; Lane 3: ceftriaxone
treatment group (CTRX group); Lane 4: ceftriaxone plus dexamethasone group
(CTRX + DEXA group). Lower panel: integrated intensity ratio of AQP4 protein in
different groups normalized to internal control. Compared CTRX group with both
untreated and CTRX + DEXA group, P value is less than 0.05. Compared CTRX +
DEXA group with saline control group, P value is more than 0.05.

gitis [8]. Yang et al [18]
found that over-expression
of AQP4 in mice brain glial
cell could result in acceler-
ated progression of cyto-
toxic brain swelling and
thus AQP4 expression is
rate-limiting for brain water
accumulation, which indi-
cate that altered AQP4 ex-
pression can be functional-
ly significant. Not only in
normal brain tissue, Saa-
doun et al [19] also found
that in high-grade astrocy-
tomas and adenocarcino-
mas patient’s brain tissue,
there is increased expres-
sion of AQP4 and this in-
crease has a significant
correlation between blood-
brain  barrier openings.
Review paper [20] has stat-
ed that AQPs, and in par-
ticular AQP4, have impor-
tant role in the resolution of

saline control group, which indicated that the
model was introduced successfully. After the
bacterial infected brain tissue, brain edema
could be a major complication associated with
the unfavorable outcome of bacterial meningi-
tis. Cytotoxic and vasogenic edema are two
main types of brain edema and both are
thought to co-exist in meningitis [16].

The presence of water channel, aquaporins,
within the neurovascular unit has let to inten-
sive research in understanding the underlying
roles of AQPs under normal condition and in dif-
ferent diseases. Corticosteroids are drugs that
can reduce the inflammation caused by infec-
tion. Although researches on the use of cortico-
steroid in addition to antibiotics had conflicting
results [9], there is a distinguished body of lit-
erature have shown that using Dexamethasone
as a conjunctive treatment could reduce the
neurological sequelae and hearing loss in chil-
dren patients [5, 7, 17]. In recent years, experi-
mental studies with animal models have shown
that including dexamethasone, generic target-
ing and/or pharmacological blockage of related
signal pathways hold major promises for the
adjunctive treatment of acute bacterial menin-
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edema after brain injury.

In our study, after the brain tissue was infected
with S. pneumonia for 24 hours, CTRX + DEXA
group decreased the expression of AQP4 in hip-
pocampus and had significantly difference
compared with either CTRX or untreated
groups, while no significant difference was
observed between this group and the saline
control group. This data indicate that ceftriax-
one plus dexamethasone treatment might
reduce brain edema by decrease the expres-
sion of AQP4. While the underlying mechanism
of this protective effects of dexamethasone on
brain edema through the adjusted expression
of AQP4 still remain unclear. It has shown that
the activation of protein-kinase C (PKC) could
relieve brain edema by reducing AQP4 in both
in vivo and in vitro studies [20-24]. And PKC
was found to be one of the short-term regula-
tors of AQP4 via phosphorylation on a consen-
sus PKC phosphorylation site and the effect is
likely mediated by gating of the water channel
[25, 26]. Previous studies demonstrated that
Dexamethasone treatment could decrease
osmotic changes after brain injury by reducing
inflammatory cytokines [27]. Thus on the basis
of our results, we speculate that due to the
powerful anti-inflammation effects of dexa-
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methasone, it could reduce the releasing of
inflammatory cytokines and activate the phos-
phorylation of PKC on AQP4 protein channel,
down-regulate the mRNA expression of AQP4,
thus reduce the water channel function of
AQP4, which resulted in reduced edema of
brain. The results support the idea of applying
Dexamethasone in the early treatment stage of
bacterial meningitis with less brain edema
occurrence, better survival rate and less severe
sequelae.
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