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Abstract

Objective: We want to investigate the effect of aquaporin-4 (AQP4) on cerebral edema induced by ischemic stroke
in rats and explore whether inhibiting the expression of AQP4 through acetazolamide (AZA) could attenuate brain
edema and protect cerebral function.

Methods: The Sprague Dawley (SD) rats were randomly divided into four groups: sham + saline group, sham + AZA
group, AZA intervention group, and nonintervention group. Each group was divided into five subgroups according
to the time of cerebral ischemia (6 h, 1 day, 3 days, 5 days, and 7 days). The model of cerebral infarction in rats was
adopted by means of the bilateral carotid arteries ligation (2-VO) method. The rats in intervention group were given
intraperitoneal injection of AZA (35 mg/kg/day). Hematoxylin—eosin staining was performed for pathological analysis
of the infarcted area. The brain water content was calculated to evaluate the degree of brain edema. The messenger
RNA (mRNA) and protein expressions of AQP4 in the brain were measured by quantitative real-time polymerase chain
reaction and immunohistochemistry, respectively.

Results: Significant cerebral pathological damages were found in ischemic stroke rats. The brain water content, pro-
tein, and mRNA expression of AQP4 of the intervention and nonintervention groups were markedly higher than those
of the sham groups. By contrast, AZA administration reduced the brain water content, whereas improved cerebral
dysfunction was induced by ischemic stroke. Moreover, AZA obviously reduced the protein and mRNA expression of
AQP4 after ischemic stroke in rats'brains.

Conclusions: The expression of AQP4 was closely related to cerebral edema induced by ischemic stroke. Decreasing
the expression of AQP4 mRNA by AZA administration can effectively relieve cerebral edema and decrease cerebral
pathological damage.
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stroke, which often leads to its aggravation and deteriora-
tion. Moreover, malignant brain edema is often the direct
cause of death. Malignant brain edema leads to acute
increased intracranial pressure, leading to the formation
of hernia. Current treatments for cerebral edema after
ischemic stroke include hypertonic dehydration, decom-
pressive craniectomy, and hypothermia therapy. How-
ever, patients still have a poor prognosis. Therefore, it is
valuable to discover new methods to reduce edema.

Aquaporins (AQPs) are a family of transmembrane
channel proteins that process high permeability to water
molecules. AQPs are reported to be closely associated
with cellular edema. Currently, more than ten AQPs have
been found in mammals [2]. Aquaporin-4 (AQP4) was
found to be the most abundant in the brain and spinal
cord, mainly distributed in astrocytes, capillary endothe-
lial cells, and ependymal cells [3]. Researchers have con-
firmed that AQP4 participates in the pathophysiological
processes of ischemic cerebral edema. Manley et al. [4]
demonstrated that the swelling of pericapillary astrocytic
foot processes in AQP4-deficient mice was evidently
decreased with substantially better improvement in sur-
vival rate in water intoxication experiment. Researchers
found that in brain edema, the increase in AQP4 expres-
sion is related to the release of inflammatory factors,
such as interleukin-1pB (IL-1p), interleukin-6 (IL-6), and
tumor necrosis factor a (TNF-a) [5, 6]. In addition, there
are more recent studies revealing related pathways about
AQP4 and brain edema, such as astrocyte migration,
PPAR-y, K+ reuptake and thresholds, MMP activity, etc.
[7-12].

Acetazolamide (AZA) is a carbonic anhydrase inhibitor
that has been clinically used in the treatment of various
diseases. However, recent studies have also found that
AZA functions as an AQP4 inhibitor, widely through-
out the brain [13]. So, we aim to find out whether we can
suppress the expression of AQP4 by AZA to reduce brain
edema. This study was designed to examine the effect
of AZA on AQP4 expression and cerebral edema after
ischemic stroke, which could potentially provide thera-
peutic alternatives for patients with cerebral infarction.

Methods

Reagents

Acetazolamide was purchased from Wuhan Nanjian Bio-
chemical Manufacturing Co. Ltd. The rabbit anti-AQP4
antibody was purchased from Wuhan Boster Biological
Engineering Co. Ltd.

Ethics Statements

Male SD rats weighing 240-300 g were obtained from the
Animal Experiment Center of Shanxi Medical Univer-
sity. Animal experiments were performed in accordance

with the Guide for Laboratory Animals published by
the National Institutes of Health. All rats were fed with
standard rat food and water and were kept under 12:12 h
light/dark cycles at 22 °C. This study was approved by
the Animal Ethics Committee of Shanxi Medical Univer-
sity Animal Center. All animals were randomly assigned
into four groups. In each subgroup, six rats were used for
brain tissue water content and quantitative real-time pol-
ymerase chain reaction (QRT-PCR), and three rats were
used for hematoxylin—eosin staining and immunohisto-
chemistry. The animals were numbered randomly after
being killed, and the effect evaluator and experimenter
did not know the specific animal group.

Construction of the Animal Model of Ischemic Stroke
Animal models were made by bilateral carotid artery
ligation. Then they were anesthetized by intraperitoneal
injection of 10% chloral hydrate (3 ml/kg). The rat was
fixed on the operating table, and the skin was cut off and
disinfected with iodophor. The central incision of the
neck was taken to expose the bilateral carotid arteries
and vagus nerve.

1. Sham+saline and sham+ AZA group: only bilateral
carotid arteries and the accompanying vagus nerve
were separated without ligation

2. Nonintervention group and intervention group: bilat-
eral carotid arteries were ligated by 3—0 nylon thread

After the operation, the rat’s neck wound was sutured
carefully, and the appropriate amount of penicillin was
used to prevent infection. A rat model of ischemic stroke
was successfully established when the rat woke up with
drooping eyelids and small fission of eyes. Subsequently,
rats in the intervention group and sham+AZA group
were injected with AZA (35 mg/kg/day) into the abdomi-
nal cavity, whereas rats in the sham+saline group and
nonintervention group were intraperitoneally infused
with saline [14].

Determination of Brain Water Content

At 6 h, 1 day, 3 days, 5 days, and 7 days after duplicat-
ing the mode, rats in each subgroup were decapitated
and their brains were removed. The meninges, olfactory
bulb, cerebellum, lower brainstem, and other tissues were
removed. The liquid on the surface of the brain tissue was
absorbed dry with filter paper and immediately placed
on a precision electronic analytical balance to weigh the
wet weight. Then it was put in a 60 ‘C oven and baked for
3 days, and the dry weight was weighed. The water con-
tent of the cerebral hemispheres was calculated accord-
ing to the following formula: brain water content
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(BWC)=(wet weight—dry weight)/wet weight x 100%.
The spinal cord and liver use the same method.

Hematoxylin-Eosin Staining

Three rats were taken from each subgroup at different
time points. After anesthesia, saline and 4% paraformal-
dehyde were used for heart perfusion experiments suc-
cessively. Brains were taken when the whole body was
just stiff. Then the brains were fixed in 10% formalin for
24 h, embedded in paraffin, and cut into 5-pm slices. The
slices were deparaffinized in xylene, rehydrated in gra-
dient ethanol, and then stained with hematoxylin and
eosin. Images were captured using a light microscope
(OLYMPUS, Tokyo, Japan) with a x 400 magnification.

Immunohistochemistry

Three rats were taken from each subgroup at different
time points. The degree and location of AQP4 expres-
sion were observed by immunohistochemistry. After
being deparaffinized and rehydrated, the slices were sub-
jected to retrieve antigen in antigen retrieval buffer for
10 min. Next, the slices were incubated with 3% H,O,
for 15 min to quench the activity of endogenous peroxi-
dases. Thereafter, the slices were incubated with AQP4
antibody (1:400; Wuhan Boster Bioengineering Co. Ltd.)
at 37 °C for 1 h. They were rinsed in phosphate buffered
saline (PBS) and incubated with corresponding second-
ary antibodies (biotin-labeled goat anti-rabbit IgG; 1:
200; Wuhan Boster Bioengineering Co. Ltd) for 30 min
at 37 °C later. The slices were rinsed in PBS, incubated
with Strept Avidin-Biotin Complex (SABC) for 30 min at
37 °C again. Then diaminobenzidine was used for color-
ing and counterstaining. Finally, neutral gum was used to
mount the slices. The AQP4 was observed under a light
microscope. The positive reaction area was brownish yel-
low, and the nucleus was purple—blue. The negative con-
trol replaced the primary antibody with PBS solution,
and the rest of the steps were conducted as previously
described. Scanscope digital pathology scanning system
(American Aperio Company) was used to quantitatively
analyze the average gray value of the positive area (five
areas for each tissue) and the average value. The gray val-
ues were inversely proportional to the extent of positive
reaction.

gRT-PCR Analysis

Total RNA in brain tissues was extracted using the Tri-
zol reagent (Takara, Minato-ku, Tokyo, Japan). Com-
plementary DNA synthesis was performed by using the
reverse transcription reagent kit according to the instruc-
tions (Takara, 78Biotechnology, Tokyo, Japan). qRT-PCR

Table 1 gRT-PCR primer sequence
Primer name Sequence (5-3)

B-actin forward GAACCCTAAGGCCAACCGTGAA

[-actin reverse TACGTACATGGCTGGGGTGT
AQP4 mRNA forward CACCATTAACTGGGGTGGCT
AQP4 mRNA reverse GGTTTCCATGAACCGTGGTG

AQP4 aquaporin-4, mRNA messenger RNA, gRT-PCR quantitative real-time
polymerase chain reaction

experiments were performed using the SYBR Prellix
Ex Taq Real-Time PCR Kit (Takara, Minato-ku, Tokyo,
Japan). Relative expression of AQP4 mRNA was calcu-
lated using the 2722€, method. All samples were run in
triplicate. Primer sequences are listed in Table 1.

Statistical Analysis

Statistical Product and Service Solutions 22.0 software
(IBM Corporation, Armonk, NY) was used for all sta-
tistical analysis. All quantitative data were expressed as
mean + standard deviation of at least three independ-
ent experiments. The differences between groups were
calculated using Kruskal-Wallis analysis followed by
Dunn’s post hoc method for nonparametric compari-
sons. Statistically significant differences were evaluated
by two-way repeated measures analysis of variance and
multiple comparisons followed by Bonferroni’s post
hoc test for parametric comparisons. P<0.05 was con-
sidered to indicate a statistically significant difference.

Results

AZA Reduces Cerebral Edema through AQP4 but not Other
Functions of AZA that Affect Edema

As shown in Fig. 1, we compared the BWC, spinal cord
water content, and liver water content of sham + saline
and sham + AZA groups. We found that for the liver,
there was no significant difference at all time points.
For the spinal cord, there was a difference on the 3rd
day. For the brain, there was a significant difference on
the 7th day, but the AZA group was higher than the
saline group. The differences were meaningless. It was
speculated that it was caused by sample errors. So, we
combined the sham + saline and sham + AZA groups as
the sham group in the following analysis.

AZA Reduced BWC Increase After Ischemic Stroke

The BWC of the sham operation group did not
change significantly at each time point, and the dif-
ference was not significant (P>0.05). The BWC of the
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Fig. 1 Results of brain, spinal cord, liver water content of the sham + saline group and the sham + AZA group. a For the brain water content, there
was a significant difference on the 7th day (P<0.05), and the AZA group is higher than the saline group. b For the spinal cord water content, there
was a difference on the 3rd day (P<0.05), and the saline group is higher than the AZA group. ¢ For the liver water content, there was no significant

difference at all time points (P> 0.05). AZA acetazolamide
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Fig. 2 Results of brain water content. The figure shows that at each
time point the expression of brain water content in the noninterven-
tion group and the intervention group was higher than that of the
sham operation group, and the brain water content expression of
the intervention group was lower than that of the nonintervention
group. Significant differences within the group at each time point (all
P<0.05). The brain water content in the sham group did not change
significantly at each time point (P> 0.05). The brain water content of
the nonintervention group and the intervention group both began
toincrease at 6 h, reaching the peak at 3 days and then gradually
decreased. Significant differences between groups (P < 0.05)

nonintervention group and the AZA intervention
group began to increase at 6 h after cerebral infarction,
reached a peak at 3 days, and then gradually decreased.
At each time point, the BWC of the nonintervention
group and the intervention group was higher than that
of the sham operation group (P<0.05). In the mean-
time, the BWC of the AZA intervention group was
lower than that of the nonintervention group (P<0.05;
Fig. 2).

AZA Attenuated Cerebral Pathological Damage Induced

by Ischemic Stroke

Hematoxylin-Eosin staining was observed under the
light microscope. No abnormal pathological changes
were observed in rats in the sham operation group.
But the nonintervention group and intervention group
began to cause pathological changes at 6 h after cerebral
infarction, such as neuronal necrosis, widened extravas-
cular space, extracellular space enlargement, organiza-
tion structure disorder, decreased cytoplasmic staining,
etc. The above pathological changes were aggravated
at 1 day after cerebral infarction, and the most obvious

Non-intervention

intervention

Fig. 3 Histopathological changes of rat brain (HE staining, x 400). a Six hours after cerebral infarction in nonintervention group. b One day after
cerebral infarction in nonintervention group. € Three days after cerebral infarction in the nonintervention group. d Five days after cerebral infarction
in nonintervention group. e Seven days after cerebral infarction in nonintervention group. f-j Pathological changes at the same time point in the
intervention group. Arrowhead, neurons; asterisk, capillaries; arrow, neutrophils. HE xxx
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Fig. 4 a Results of AQP4 immunohistochemistry in brain tissue of rats (x 400). Results of AQP4 immunohistochemistry in brain tissue of rats at
the same time point in the intervention group. b Results of AQP4 content in the brain. The figure shows that at each time point, the expression of
AQP4 in the nonintervention group and the intervention group was higher than that of the sham operation group, and the AQP4 expression of
the intervention group was lower than that of the nonintervention group. Significant differences within the group at each time point (all P<0.05).
The AQP4 content in the sham group did not change significantly at each time point (P> 0.05). The AQP4 content of the nonintervention group
and the intervention group began to increase at 6 h, reaching the peak at 3 days, and then gradually decreased. Differences between groups were

changes were at 3 days, beginning to show inflammatory
cells. The pathology gradually abated from 3 to 7 days,
and the reduction in cell swelling was accompanied by
the appearance of glial cells. Pathological changes in the
intervention group were less severe than those in the
nonintervention group (Figs. 3 and 4a). Besides, AQP4
is mainly expressed in astrocytes around capillaries
(Fig. 4a).

AZA Inhibited the Ischemic Stroke Induced Increase in the
mRNA and Protein Expression of AQP4

According to the results of immunohistochemistry,
the expression of AQP4 in the brain tissue of the sham
group did not change significantly at each time point
(P>0.05). The expression of AQP4 in the brain tissue
of the nonintervention group and the AZA interven-
tion group began to increase at 6 h after cerebral infarc-
tion, and the expression of AQP4 reached the peak at

3 days and then gradually decreased. The difference was
significant (P<0.05). At each time point, the expres-
sion of AQP4 and AQP4 mRNA in brain tissue of the
nonintervention group and the intervention group
was higher than that of the sham group. It was signifi-
cant (P<0.05), and the expression of AQP4 and AQP4
mRNA in the brain tissue of the intervention group was
lower than that of the nonintervention group, and the
difference was significant (P <0.05) (Fig. 4b).

For the nonintervention group, the expression of AQP4
mRNA began to increase at 6 h, reached the highest level
on the 1st day, then began to decline, reaching the lowest
level on the 5th day, and then increased. For the interven-
tion group, the overall trend was the same as that of the
intervention group, but it reached the lowest point on
the 3rd day and then slightly increased (Fig. 5). Because
mRNA changes earlier than protein, combined with pro-
tein expression (Fig. 4b), we can infer that the highest
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Fig. 5 Results of relative AQP4 mRNA expression. The chart shows
that at each time point the expression of AQP4 mRNA in the nonin-
tervention group and the intervention group was higher than that

of the sham operation group, and the AQP4 mRNA expression of

the intervention group was lower than that of the nonintervention
group. Significant differences within the group at each time point

(all P<0.05). The AQP4 mRNA in the sham group did not change
significantly (P> 0.05). The AQP4 mRNA of the nonintervention group
began to increase at 6 h, reaching the peak at 1 day, and then gradu-
ally decreased to the lowest level at 5 days. As for the intervention
group, the AQP4 mRNA began to increase at 6 h, reaching the peak at
1 day, and then gradually decreased to the lowest level at 3 days. Dif-
ferences between groups were significant (P < 0.05). APQ4, aquaporin,
mMRNA, messenger RNA

level of mRNA should be between 1 and 3 days. These
results show that the use of AZA can lead to the arrival of
the lowest level of AQP4 mRNA in advance.

Discussion

In this study, we mainly focused on the effect of AQP4 on
cerebral edema after ischemic stroke. Our results demon-
strated that significant cerebral edema occurred in rats
after ischemic stroke, which were confirmed by patholog-
ical section and BWC. The mRNA and protein expression
of AQP4 in the brain were markedly increased in cerebral
edema rats. AZA could significantly inhibit AQP4 pro-
tein and mRNA expression in the brain. Although AZA
might not reverse cerebral edema, it could attenuate
cerebral edema and protect brain function to a certain
degree, especially if the peak of cerebral edema can be
significantly reduced.

In recent years, the incidence of ischemic cerebrovas-
cular disease has been getting higher. The main patho-
logical change is cerebral edema after infarction, which is
the root cause of disability and death of patients. Reduc-
ing the damage caused by cerebral edema is an important
therapeutic target to improve the prognosis of cerebral
ischemic infarction. Current treatment strategies are
limited to decompressive craniectomy and intravas-
cular administration of hypertonic drugs, which were
introduced 70 years ago. So new treatments need to be

developed. According to our experiments, we found that
AZA can play a therapeutic role in the whole course of
cerebral edema, especially in the peak period of edema.
In human brain infarction, brain edema reaches its peak
in the first 3-5 days of infarction, and then the edema
slowly decreases. However, sometimes patients have to
be implemented decompressive craniectomy because
of high intracranial pressure and decreased conscious-
ness before reaching the remission period of edema. This
study suggests that the use of AZA in patients with cer-
ebral infarction can reduce the peak of cerebral edema
and reach the remission period of edema earlier. Besides,
many potential treatments have now been discovered,
such as the use of mesenchymal stem cells, 60% normo-
baric oxygen, hypothermia treatment, and so on. In the
future, the combination of AZA and other methods to
reduce cerebral edema may have a more obvious effect
on inhibiting cerebral edema.

AQPs are a type of cell membrane transport pro-
tein that is selective for a water molecule. AQPs cannot
only pass through water but can also form a pore in the
center of the tetramer, which may promote the flow of
water, cations, and gases. They are widely distributed in
animals, plants, and microorganisms. Thirteen kinds
of AQPs (AQP0-AQP12) have been found so far [15],
of which AQP4 is the most widely distributed AQP in
the brain [16]. It is mainly expressed on astrocytes and
perivascular, areas such as arachnoid, pia mater, and cap-
illaries [3], indicating that AQP4 plays an important role
in regulating water metabolism in the brain. The immu-
nohistochemistry in our experiment showed that AQP4
is most abundantly expressed on the astrocyte mem-
branes near the capillaries and around the arachnoid, but
its expression is not seen in neurons, which is consistent
with previous reports. Arno Vandebroek et al. [17] found
that the activity of AQP4 increased in epilepsy, edema
and glioblastoma, and other central nervous system dis-
eases. Manley et al. [4] revealed that cerebral edema after
ischemic stroke is closely related to AQP4, and there is
a positive correlation between them. The results of this
experiment showed that the BWC began to increase at
6 h after cerebral ischemia, reached the peak of edema
at 3 days, and then decreased. The results of immunohis-
tochemistry suggested that the expression of AQP4 also
showed the same trend. More importantly, the BWC and
AQP4 protein expression in the intervention and nonin-
tervention groups at each time point were higher than
those in the sham operation group. It proved that AQP4
participates in the progression of cerebral edema after
ischemic stroke with an evident time correlation.

Many studies have shown that the inflammatory
response, oxidative stress, ion abnormalities, and other
damage mechanisms in the brain tissue after ischemia
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can regulate the expression of the AQP4 and AQP4
genes. A low oxygen environment in the brain can trigger
inflammatory response, which AQP4 can be upregulated
through the release of TNF-a and IL-6 from microglia
[18]. Puerarin can reduce the content of AQP4 by inhibit-
ing the phosphorylation of NF-kB and MAPK pathways
[19]. Transcriptional factor nuclear factor erythroid 2
can endogenously resist brain stress and inflammation
by regulating the content of AQP4 [20]. Oxidative stress
acts on the inflammatory factor leukotrienes to induce
the expression of AQP4. Studies [21] have shown that
the P38 and ERK signaling pathways can activate the
cysteinyl leukotrienes 2 receptor for cysteine leukotrienes
to upregulate the expression of AQP4. Besides, the phos-
phorylation pathway can also regulate the AQP4’s expres-
sion [17]. After the AQP4 gene was knocked out, the
water content of the brain tissue of the mice was lower
than that of the control group, and the degree of cell
swelling was much lower than that of the control group.
Katada et al. [22] created a global cerebral ischemia
mouse model and found that AQP4~'~ mice had greatly
reduced brain tissue and cell swelling and significantly
improved survival rate. Hirt et al. [23] have also con-
firmed that AQP4-lacking mice are less severe than wild-
type mice in terms of lesion volume, neuroinflammatory
response, and nerve cell necrosis. Yao et al. [24] also con-
firmed that cerebral edema and infarct degree in AQP4-
deficient mice were reduced after focal cerebral ischemia.
Some studies have shown that in the edema caused by
cerebral ischemia, the increase in AQP4 expression is
related to the release of inflammatory factors, such as
IL-1pB, IL-6, and TNF-« [5, 6]. This is consistent with our
research results. As shown in Fig. 2, a large number of
inflammatory cells appeared on the third day of the non-
intervention group. At present, there is little research
that reveals the mechanism of AQP4 and brain edema,
and further experimental evidence is still required for
verification. Zhao et al. [8] found that AQP4 deletion
reduced inflammatory responses due to the upregulation
of PPAR-y expression. Researchers have found that AQP4
can modulate water and potassium ions fluxes associ-
ated with neuronal activity, participating in the reuptake
of potassium ions, and can change the threshold of it [9,
10]. Steiner et al. [11] found brain infarction can lead to
loss of astrocyte polarity. AQP4 redistributes from the
terminal foot of astrocytes around the capillaries to the
membrane area outside the terminal area, and this effect
was affected by Matrix Metallopeptidase 3. Thrane et al.
[12] provided evidence that brain edema can trigger Ca**
signaling in astrocytes and that deletion of the AQP4
gene markedly interferes with this event.

Our experiment also found that the level of AQP4
mRNA in the intervention group was higher than that

in the sham operation group at all time points and lower
than that in the nonintervention group. Because mRNA
changes earlier than protein, combining Figs. 4 and 5,
we can infer that the highest level of mRNA should be
between 1 and 3 days. These results prove that the use
of AZA can make the lowest level of AQP4 mRNA come
earlier in rats with cerebral infarction. But we found an
interesting point. The mRNA expression will rebound
slightly after reaching the lowest level. We speculate that
this is caused by other factors that affect AQP4 mRNA
and is related to the regression of cerebral edema. There-
fore, it is tempting to speculate that AZA reduces the
level of AQP4 increase by reducing the expression of
AQP4 mRNA and acts indirectly on the AQP4 protein.
When brain edema occurs, by taking measures to reduce
the expression of the AQP4 gene, the increased content
of AQP4 in the brain can be effectively reduced, thereby
reducing the degree of cerebral edema.

AZA can act on carbonic anhydrase in renal tubular
epithelial cells. In recent years, with AZA’s wider applica-
tion in kidney diseases, it has an increasingly important
role in the body water balance. However, more and more
researchers have found that the nondiuretic effect of
AZA can be used to treat other types of diseases. Studies
have found that AZA has a certain role in the treatment
and prevention of glaucoma [25, 26]. AZA worsens skel-
etal muscle fatigue in animals and humans, and taking
it before climbing can prevent acute mountain sickness
[27, 28]. AZA is a recommended first-line drug treat-
ment for acute mountain diseases. It can reduce the lack
of ventilation at high altitudes [29]. AZA may be a useful
therapy medicine for some patients with respiratory fail-
ure and metabolic disorders [30]. AZA may help improve
ventilatory instability in Obstructive Sleep Apnea [31].
However, there are few international studies on the rela-
tionship between AZA and ischemic cerebral edema to
date. This experiment explored the nondiuretic effect of
AZA in the treatment of cerebral edema and its influence
on brain tissue for the first time in the literature, provid-
ing evidence for clinical treatment of cerebral edema in
patients with ischemic stroke. We can see that the change
of cerebral edema overtime after cerebral infarction
is regular. After using AZA, we found that the cerebral
edema did not reverse but decreased to a certain extent,
and the trend of change over time was the same as that
of the nonintervention group. In this experiment, the
dosage of AZA was 35 mg/kg/day. This dosage is more
suitable for rats, but for human use, we still need to find
the appropriate concentration. Now in vitro experiments
show that the concentration of AZA to reduce the water
permeability of rat AQP4 by 50% is 1.25 mm [32], and the
half maximal inhibitory concentration (ICy,) of human
AQP4 is 0.9uM [33]. These show that AZA not only
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reduces the water permeability of AQP4 but also reduces
the expression of AQP4. More experiments are needed to
explore the optimal concentration for human application
to avoid possible off-target or confusion.

AQP4 plays an important role in the formation and
resolution of edema. The use of AZA inhibits the
increase of AQP4, which reduces the rate of edema
resolution to a certain extent, but the more impor-
tant role is to reduce the degree of brain edema peak.
This is very important in clinical applications. AZA
could increase the patient’s treatment time window
and greatly improve the survival rate of patients. In
addition, when AZA enters the brain tissue through
the blood-brain barrier, its efficiency is relatively low.
Improving the passage efficiency can increase its ability
to reduce cerebral edema, which is also worth studying.
Although this article provides a new treatment direc-
tion, further investigations will be required to demon-
strate its effectiveness of the clinical application.

Conclusions

The increased expression of AQP4 in brain was closely
related to cerebral edema after ischemic stroke. Inhib-
iting the expression of AQP4 mRNA by AZA could
reduce the increasing of AQP4 and then attenuate cer-
ebral edema and pathological damage. Therefore, the
targeted therapy of AQP4 might be a potential treat-
ment strategy for cerebral edema. The limitation of the
current study was the lack of research on the cellular
mechanism. Thus, further research is still needed to
investigate the potential therapeutic target of AQP4 in
brain in vitro.
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