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Abstract
 Objective:To determine the relationship between the expression of aquaporin-4(AQP4) after intracerebral hemorrhage and
dexamethasone treated. Methods:Collagenase Ⅶ was injected in caudate nucleus in a stereotaxis frame to establish the intracerebral
hemorrhage(ICH) animal models. The intracerebral hemorrhage(ICH) rats were randomly divided into four groups: the sham group
(group A), the ICH group(group B), low dose-treated group(group C), moderate dose group(group D) and high dose group(group E).
The groups were respectively received an intraperitoneal dexamethasone injection with 1 mg/kg, 15 mg/kg, 30 mg/kg, twice a day for
three days. The brain water content(BWC), the permeability of blood-brain barrier(BBB) and the expression of AQP4 were observed.
Results:Both the BBB disruption and AQP4 expression decreased in treated groups, and the AQP4 expression had a dose-dependent
manner in the dexamethasone treatment. And it seemed that low dose dexamethasone was in favor of brain swelling elimination, but the
higher dosage had not similar effect. Conclusion:Dexamethesone may play a critical role on expression of AQP4 in the physiopathology
of hemorrhagic edema.
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INTRODUCTION
 The aquaporins(APQs) are a family of at least 11
homologous transmembrane water channel proteins,
which provide the major pathway for water movement
in various tissues. In nervous system, the aquaporin-4
(AQP4) is the most abundant, which principally as-
sembles in gial limitans and facilitates bi-directional
water transport across membranes, especially in cere-
bral edema[1,2]. Cerebral edema is an important contribu-
tor to morbidity and mortality resulted from intracere-
bral hemorrhage(ICH). The control of the brain edema
is a key treatment for improving the prognosis of intrac-
erebral hemorrhage. It is generally demonstrated that

AQP4 plays a significant auto-regulatory role in the brain
edema induced by many disorders[3]. Considering its sig-
nificant present in gial cells, it might be a suitable target
for drug discovery regarding cerebral edema. There has
been a paucity of laboratory research focused effects of
glucocorticoid for controlling edema management on
AQP4. In our study we tried to elucidate the changes of
AQP4 occurring in the hematoma-induced edema in
brain and its influence to the edema.

MATERIALS AND METHODS
Experimental animal and group
 A total of 75 healthy male Wistar rats, each weighing
250-350 g, which were provided by the laboratory ani-
mal center of the Tongji Medical College, were used
for experiments. The ICH animals were randomly di-
vided into the following groups: the sham group(group
A, n = 5), the experimental control(group B, n = 5), the
low dose treated group(group C, n = 5), the moderate
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dose treated group(group D, n = 5) and the high dose
treated group(group E, n = 5).

The preparation of the ICH model[4]

 Animals were anesthetized with 10% chloral hydrate
(300 mg/kg, IP), and then were positioned in a stereo-
taxis frame. A sagittal skin incision was made and a
cranial hole about 1mm in diameter was drilled near the
right coronal suture 3.5 mm lateral to the midline. 0.5U
collagenase dissolved in 2μl saline was injected ster-
eotaxically into the right basal ganglia (coordinates: 0.2 mm
anterior, 5.5 mm ventral, and 3.5 mm lateral to the
bregma) by a microsyringe(5μl). The needle was re-
mained for 5 minutes to prevent reflux after injection.
Bone wax was used to seal the cranial hole. Then the
skin incision was closed. The animals in the treated
groups received dexamethasone treatment(1 mg/kg,
15 mg/kg, 30 mg/kg, IP) twice a day for three days af-
ter surgery respectively. The sham group received 2ml
saline stereotaxically, while the experimental control
group received no treatment after surgery.

Brain water content
 Brains were quickly removed after anesthetized by
chloral hydrate(300 mg/kg, IP). Hemispheres were
separated and cut coronally. The slices around the he-
matoma sites in thickness of 4mm were weight before
and after drying foe 24 h in an oven at 100℃. Brain
water content was expressed as the percentage change
between wet weight(WW) and dry weight(DW) using
the formula: WW-DW/WW×100% for evaluating the
edema.

Blood brain barrier permeability
 For the blood-brain integrity assessment, Evans blue
extravasation was measured[5]. Rats were injected with
Evans blue(2%in saline,4 ml/kg, IV) through the tail
vein. One hour after injection, rats were anesthetized
with chloral hydrate (300 mg/kg, IP), and intracardialy
perfused with 100 ml isotonic saline. Brains were
quickly removed and placed on a frozen plate. Tissue
samples were cut coronally with the thickness of 4 mm
centered the hematoma lesion. The slices were immersed
in the formamide(1 ml/100 mg) at 56℃ for 24 h, then
Evans blue was extracted from the incubation. The dry
was quantified by measuring the optical density at 630
nm. Absorbance was compared with a standard curve
of 1~10μg/ml of Evans blue in formamide. Extrava-
sation was expressed as microgram of Evans blue per
gram of wet weight.

Immunohistochemistry
 The animals were anaesthetized with chloral hydrate
(300 mg/kg, IP) followed by intracardiac perfusion with

4% paraformaldehyde in phosphate buffer. Rats were
decapitated and brains were removed. A 2mm thick
coronal brain around the hematoma was sliced, post-
fixed in 4% paraformaldehyde for 8 hours to immuno-
cytochemical studies. Sections(7μm ) were succes-
sively incubated in 3% hydrogen for 5~10 minutes and
in goat serum for 10 minutes at room temperature and
primary antibody at 1:200 dilution for 3 hours at 37℃.
Following washing with PBS, sections were incubated
in biotinylated goat anti-rat secondary antibody for 2
hours at room temperature, and then washed and placed
in ABC for 2 h. After washing with PBS again, the sec-
tions were reacted for peroxidase enzyme activity by
using diaminobenzidine(DAB) and H2O2, and the re-
action was stopped by 0.01 mol/L PBS and mounted
into gelatinized slides.

Reverse transcriptase polymerase chain reac-
tion
 Total RNA was prepared from brain sample using
the Trizol reagent and cDNA was generated from 5μg
of total RNA using M-MLV reverse transcriptase and
the random primer olig-dT. The cDNA were used to
amplify a 213 bp fragment by PCR  using specific prim-
ers for the AQP4 sequence(forward 5’-TTG GAC-
CAA TCA TAG GCG C-3’;reverse5’-GTC AAT
GTC GAT CAC ATG C- 3’) and a 318 bp fragment
using primers for β-actin sequence(forward 5’-ATC
ATG TTT GAG ACC TTC AAC-3’; reverse 5’-
CAT CTC TTG CTC GAA GTC CA-3’). The reac-
tion was carried out for 30 cycles, with 95℃,30 s,
denaturing; 53℃, 30 s, annealing; and 72℃, 45 s,
extension. For quantification, the PCR products were
subjected to electrophoresis in a 2% agarose gel and
stained with ethidium bromide. Photographs were taken
with a Polaroid camera. Densitometric analysis was per-
formed and presented as the AQP4/β-actin ratio.

Statistical analysis
 Data are presented as the mean±S.E. The statistical
significant difference between the experimental groups
was assessed by student t test and q-test. Differences
were considered significant at a level of P < 0.05 using
SPSS12.0 software.

RESULTS
Brain water content
 ICH rats received low intraperitoneal dose of dexame-
thasone(1 mg/kg) showed a significant decrease in
water content. However, no significant difference was
seen between higher dose(15 mg/kg, 30 mg/kg) of dex-
amethasone and the control(Tab 1).
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Evens blue extravasation
 Integrity of BBB was evaluated on day 3 after ICH.
Concentration of Evans blue in brain parenchyma was

detected. EB extravasation in treated groups was sig-
nificantly decreased vs. the control(Tab 1).

Immunohistochemistry
 AQP4 immunolabelling appeared as a brown deposit
over cell processes surrounding miscrovessels(Fig 1). The
optical density was detected to assess AQP4 expression.
Significant differences were also found in AQP4 protein
expression between treated groups and controls(Fig 2).

RT-PCR
 The semi-qualitative analysis of aquaporin-4 mRNA

was investigated by RT-PCR. The statistical results
showed that aquaporin-4 was downregulated in dex-
amethasone groups(Fig 3). There was statistical signifi-
cant difference between all dexamethasone groups and
control group in mRNA level of AQP4. There was sta-
tistical significant difference between group B and group
C, between group B and group D, between group C and
group D(Fig 2).

 A:sham group; B:experimental control group; C:low dose-treated group(1mg/kg); D: moderated dose-treated group(15 mg/kg); E: high dose-treated
group(30 mg/kg). AQP4 immunolabeling was shown as brown deposit over astrocyte membrane and its expression was evaluated according to the
optical density(OD).

Fig 1 The result of AQP4 expression in each group(Immunohistochemistry,× 200)

A                                                                             B                                                                             C

D                                                                                 E

AQP4 expression

Tab 1 The brain water content(BWC) and Evens blue(EB) extravasation in ICH rats

BWC                      77.67± 0.91        84.81± 0.48                  80.38± 1.18*      83.85± 0.48                      83.71± 0.21
EB                             7.57± 0.28                   13.55± 0.61                  12.10± 1.08*                     11.38± 1.08**                    10.88± 0.79**

Group A                            Group B                          Group C                               Group D                             Group E

 Compared with group B,**P < 0.01, *P < 0.05. Group A:sham group; Group B:experimental control group; Group C:low dose-treated group(1 mg/kg);
Group D:moderated dose-treated group(15 mg/kg); Group E:High dose-trented group(30 mg/kg)
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 Compared with group B, *P < 0.01.
 Group A: sham group; Group B: experimental control group; Group
C: low dose-treated group(1mg/kg); Group D: moderated dose-treated
group(15 mg/kg); Group E: high dose-treated group(30 mg/kg).
Fig 2 Expression of AQP4 mRNA in dexamethasone groups

and the control group

AQP4  protein             AQP4mRNA
   M          1           2         3         4          5
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100 bp

 M:Marker; 1:sham group; 2:experimental control group; 3: low dose-
treated group(1 mg/kg); 4:moderated dose-treated group(15 mg/kg); 5:
high dose-treated group(30 mg/kg).

Fig 3 PCR-amplified product of AQP4 in brain samples
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DISCUSSION
 Glucocorticoid used for brain edema therapy is con-
troversial until now[6,7]. This therapy is known to be me-
diated by mechanisms, such as protecting blood-brain
barrier(BBB), decreasing production and enhancing
reabsorption of cerebrospinal fluid, inhibiting lipid
peroxidation, reducing intracellular calcium accumu-
lation and so on [8].
 Desaiod et al[9] investigated 26 patients with ICH ran-
domized to dexamethasone vs.placebo. The number of
patients with a good neurologic outcome was the same
in both group, and no difference was detected in the
rate of adverse effects[9]. And recently in collagenase
models of intracerebral hemorrhage, administration of
low dose of dexamethasone was associated with decreased
brain edema, smaller hematoma volume, decreased
number of necrotic cortical neurons, and improved neu-
rological scores[10.11] .
 AQPs are a family of water channel proteins distrib-
uted in various tissues. In the brain AQP4 is the major
species expressed, in a polarized way by ependymogial
cells and by perivascular processes of astrocytes. Re-
garding brain water homeostasis AQP4 in the perivas-
cular astrocyte membranes has been shown to be criti-
cal involved in the formation and dissolution of brain
edema[12,13]. The current study revealed that the expression
level of AQP4 underwent major changes after intrac-
erebral hemorrhage, which may contain the molecular
mechanisms underlying the generation and resolution
of edema after ICH. There is no significant innovation
about the brain swelling therapy since the 1980’s.
Until finding the AQP4, it may be of potential value if
better management of brain edema could be achieved
through rational way of regulating AQP4 expression.

Glucocorticoid using for brain edema is tightly
related with AQPs (including AQP4[14],AQP3[15],
AQP1[16,17,18]). Both beta-adrenergic agonist and glu-
cocorticoid hormone which believed to be the factors
accelerated the clearance of fetal lung liquid induced
fetal lung AQP4 mRNA, which was found by Yasui[14].

Aimed at determining the correlation between
glucocorticoid and AQP4 further, brain water content,
blood-brain barrier permeability, and AQP4 expression
were observed using ICH rat models treated with
dexamethasone at different doses. The results indicate
dexamethasone is found to have a protective effect on
the BBB, and reveal a downregulation of AQP4
expression induced by dexamethasone in dose-dependent
manner by means of immunohistochemistry in protein
level and RT-PCR in mRNA level. The brain water content
coinciding with that low dose dexamethasone seems to
be beneficial for the treatment of brain edema. We
hypothesize that dexamethasone has double-side action

on brain swelling, especially vasogenic edema which is
dominant at day 3 after intracerebral hemorrhage. It
ameliorates vasogenic edema following protecting BBB
from injury, and concurrently attenuates the AQP4 func-
tion of clearance of excess fluid in brain while it accel-
erates cytotoxic brain edema. In conclusion low dose of
dexamethasone found to be more beneficial for treat-
ment of cerebral edema after ICH, whereas high dose
seems to be no obviously beneficial effect. In addition
to some factors such as α-syntrophin, hypoxia, osmotic
pressure, ammine, vasopressin et al[19,20,22], the gluco-
corticoid may be considered to be ranged in modulators
of aquaporin-4 expression regarding the molecular
mechanism about cerebral swelling.
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