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Protease-activated receptor 1 inhibitor improves brain edema
in rats with intracerebral hemorrhage
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ABSTRACT

AIM: To investigate the changes of water content in brain tissue, the expression of AQP4mRNA after cerebral
hemorrhage in rats, and the intervention effect of Protease activated receptor 1 inhibitor (PAR1 inhibitor) on both.
METHODS: Establish sham operation group (Sham group), ICH group, ICH+PAR1 inhibitor high-dose group
(PI(H)group), ICH+PARL inhibitor low-dose group (PI(L)group), 25 in each group. Neural dysfunction scores
were performed at 1d, 3d, 7d, 14d, and 21d after surgery, and brain water content and AQP4mRNA content

were measured.

RESULTS: Results: The neurological dysfunction and cerebral edema of rats with cerebral hemorrhage reached
the peak at 3 days after operation. With the increase of time, the water content and AQP4mRNA content in the
PL(H)group were higher than those in the PI(L)group. The differences were statistically significant.
CONCLUSIONS: Appropriate inhibition of PAR1 can alleviate cerebral edema around the hematoma and play
a role in improving the function of nerve defects. The mechanism may be realized by down-regulating the
expression of AQP4mRNA in brain tissue (Tab. 3, Fig. 3, Ref. 25). Text in PDF www.elis.sk
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Introduction

In recent years, the incidence of cerebral hemorrhage (ICH)
has increased year by year. Due to the non-renewable nature of
cerebral neurons, patients with cerebral hemorrhage often have
severe neurological dysfunction, which places a heavy burden on
society and families (1). Cerebral edema is an inevitable patho-
physiological process after ICH. It can increase intracranial pres-
sure and aggravate secondary damage to neurons in the brain. It is
an important cause of clinical deterioration of patients with ICH
(2). Therefore, actively exploring ways to reduce cerebral edema
after ICH is of great significance for reducing the mortality of the
disease and improving the prognosis (3).

Aquaporin 4 (AQP4) is a special membrane protein, which is
located between 18q11.2 and q12.1. Its main role is to regulate
the water balance in the body (4). Studies show that AQP4 is also
widely expressed in the central nervous system, especially over-
expressed on astrocytes (5). Thrombin is a highly specific serine
proteolytic enzyme. After cerebral hemorrhage, a large amount of
thrombin is produced and activated for various reasons. Recently,
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studies have shown that thrombin can bind to thrombin receptor
1(PAR1) and then down-regulate the expression of AQP4mRNA
in the brain tissue of experimental ICH rats to reduce brain edema
after ICH (6). Further research found that thrombin is a double-
edged sword for ICH, and its specific effect depends on the extent
to which the thrombin receptor (PAR1) is activated, that is, high
concentrations of thrombin can damage brain tissue, while low
concentrations of coagulation enzymes have protective effects
on brain tissue (7, 8). Then, we can ask the following questions:
Do different degrees of PAR1 activation have different effects
on cerebral edema after ICH? Based on this, this study uses an
experimental rat cerebral hemorrhage model, using PAR1 as the
entry point, to explore the effects of different degrees of PAR1
activation on brain water content and AQP4mRNA expression
after cerebral hemorrhage and possible molecular mechanisms.
Rehabilitation offers new ideas.

Materials and methods

Animals

100 healthy adult male SD rats, aged 69 weeks, average
(8.3£0.6) weeks, weighing approximately 260-310 g/head, with
average 283.41 £ 12.23 g.

Animal grouping and administration

Before the experiment, 100 SD rats were immediately divided
into Sham group, ICH group, ICH +PI(H) group, ICH+PI(L) group,
25 rats in each group, and rats in each group were randomly divided
into 1d and 3d, 7d, 14d, 214, five rats at each time point. Cerebral
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hemorrhage model was established by using

Tab. 1. Nerve function scores of experimental rats at various time points (X £ s).

references. The Sham group only switched

) e Ttem n 3d 7d 14d 21d
the holes without injecting blood (24). After Sham 5 _ _ N N -
2 hours of successful modeling, the Sham  ICH 5 11.40+1.51 13.20+1.30 9.80+1.71 7.20+1.64 5.60+1.48
group and the ICH group were intraperito- ~ PI(H) 5 13.80£1.92#  15.40+1.64#  12.60£2.07#  10.40+=1.48%  8.20+1.30#
PI(L) 5 9.60£1.14*  11.80£1.78*  7.80+1.64*  5.80+£1.92*  3.80+0.83*

neally injected with 2 ml of normal saline,

while the PI(H) group was administered
with SCH79797 250 ug/kg, and the PI(L)
group was administered with SCH79797 25 ug/kg. Intraperitoneal
injection was performed in 2 ml of physiological saline.

Neurological dysfunction score

After the rats were awake, the four-point scoring method from
the literature was used to evaluate the model of the experimental
rats, and those who failed in the modeling were eliminated, and
the rats were randomly supplemented (9). The neurological scores
of experimental rats were scored using references. The higher the
score, the more severe the neurological impairment (10).

Material

The model rats were anesthetized with 1 % sodium pentobar-
bital at 1d, 3d, 7d, 14d, and 21d at the corresponding time points.
After aortic perfusion with 4 % paraformaldehyde and internal
fixation, the rats were decapitated and killed quickly. Brain tissue
samples were collected for: 1) determination of changes in the
water content of the brain tissue around the hematoma (dry and
wet weight method); 2) reverse transcription PCR to detect the
expression of AQP4mRNA around the hematoma.

Determination of water content in brain tissue

Quickly cut the tissue with brain water content into 2 mm
thick pieces, place it in a weighing bottle, weigh the wet weight
with an electronic balance (accuracy: 0.1 mg), and place it in a
105°C constant temperature oven. Dry to constant weight. Take
the difference between the last two dry weights as less than 0.2
mg as the constant weight standard. Put the brain tissue into the
same weighing bottle again to weigh the dry weight. Calculate
the brain tissue water content (%) according to Elliott’s formula
= (wet weight-dry weight) / wet weight x 100%.

Total RNA extraction

Weigh 100 mg of brain tissue surrounding the hematoma to
extract total RNA according to the instructions of the TRIzol kit.
The RNA standards with reliable quality are those whose purity
and concentration are between 1.8-2.1 and above 1.5ug/ul, re-
spectively.

cDNA Synthesis and PCR

The M-MLV reverse transcriptase kit (Invitrogen ™) was
used to prepare the reaction system. Prepare the reverse tran-
scription PCR reaction mixture in a 96-well reaction plate. The
AQP4mRNA primer sequence is: For-ward: 5’-GAGACGAGA-
AGAAGGGGAAGG-3 ‘,Reverse: 5’-AATCTGAGGCCAGTTC-
TAGGGA-3’. Since the Ct value in PCR cannot be analyzed in
statistics as raw data, it needs to be standardized. In this study,

Compared with the ICH group, # p < 0.05; compared with the ICH group, * p <0.05
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Fig. 1. Nerve function scores of experimental rats at various time
points.

2-4“is used to represent the relative expression of microRNA, and
ACt = (target microRNACt value- U6 Ct value).

Statistical analysis

The experimental data were analyzed by SPSS 17.0 software.
The obtained data were expressed as mean + standard deviation
(x ), with both sides o = 0.05 as the test standard, and p < 0.05
was considered statistically significant. The homogeneity of vari-
ance was determined by one-way ANOVA (one-way ANOVA)
LSD method.

Results

Neural function scores at various time points in experimental rats

The results show that high doses of PARI inhibitors are not
conducive to neural function recovery, while low doses of PAR1
inhibitors can promote neural function recovery (Tab. 1 and Fig. 1).

Changes in brain tissue water content

With time, PI(H) brain tissue water content is higher than in
the ICH group, while PI(L) group brain water content is lower
than in the ICH group, suggesting that high dose of PAR1 inhibi-
tor will aggravate cerebral edema after cerebral hemorrhage, and
low dose of PAR1 inhibitors reduce brain edema after intracerebral
hemorrhage (Tab. 2 and Fig. 2).
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Tab. 2. Brain tissue water content changes at various time points in experimental rats (X  s).

hernia, which seriously affects the prognosis

o1d of patients with brain injury.

Item n 1d 3d 7d 14d )
Sham 5 69.60<1.14  70.80£1.30  70.40:2.07  67.981.78  67.48%1.52 Cerebral edema caused by ICH mainly
ICH 5 83.80+1.30%  86.80+1.78*  81.60+1.51*%  76.71£1.54%  71.54%1.48% includes vascular edema caused by blood-
PI(H) 5 86.00+1.58%% 89.00+1.58%# 83.8941.92%# 79.41£1.67% 75.78+1.52*%  brain barrier destruction and cell-derived
PI(L) 5 81.60+1.14%a 84.00+1.58%a 79.4042.07*a 72.35+2.12%a 68.27+1.65%a

edema caused by tissue ischemia and hy-

Compared with the Sham group, * p < 0.05; compared with the ICH group, # p < 0.05; compared with the ICH

group, a p <0.05

poxia. Although different types of brain
edema have different causes, it has been
clear that all brain edemas are with the in-

Tab. 3. Relative expression of AQP4mRNA in brain tissue at various time points in experi-

mental rats after operation (x £ s).

volvement of aquaporin 4 (AQP4) (12, 13).

AQP4 is widely distributed in the central

Item n 1d 3d 7d 14d 21d i

Sham 5 0.78£0.05  086:0.04  0.79:0.03  0.78£0.04  0.770.05 nervous system. Its molecular structure is a
ICH 5 1.02£0.10* 1.20£0.11%* 1.1240.09% 1.08+0.11%* 0.91+0.08%* channel-like tetramer structure. This chan-
PI(H) 5 1.2120.12%#  1.45£0.14%#  1.31x0.11%#  1.24+0.12%#  1.1440.09*# nel has a structure that blocks ions (14).
PI(L) 5 0.82:0.07*a  1.02+0.10%a  0.97+0.09*a  091£0.08%a  0.7840.08*a  Fach of these monomers forms an inde-

Compared with the Sham group, * p < 0.05; compared with the ICH group, # p < 0.05; compared with the ICH

group, a p <0.05
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Fig. 2. Brain tissue water content changes at various time points in
experimental rats.

Relative expression of AQP4mRNA in the brain group

Over time, AQP4mRNA in PI(H) brain tissue was higher than
that in ICH group, while AQP4mRNA in brain tissue of PI(L)
group was lower than that in ICH group, indicating that high-dose
PARI1 inhibitors will promote AQP4mRNA expression, while low-
dose PARI1 inhibitor AQP4mRNA expression (Tab. 3 and Fig. 3).

Discussion

Cerebral edema refers to the phenomenon that brain volume
increases and intracranial pressure increases due to abnormal ac-
cumulation of water in brain tissue. Due to the continuous increase
of'intracranial pressure, once it exceeds the compensation range of
normal intracranial pressure, it can cause changes in the structure
or function of the brain group or even the formation of cerebral
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pendent water channel. Therefore, the four
monomers have independent Of activity.
Multiple studies have found that AQP4 plays an important role in
the formation and elimination of cerebral edema (15). The results
of this study show that in the ICH group, PI(H) group, and PI(L)
group, the water content of the brain tissue surrounding the he-
matoma has begun to increase on the 1st postoperative day, and
reaches a peak on the 3rd postoperative day, and then over time.
The water content in the brain group gradually decreased until 14
days after the operation, which was still higher than that in the
Sham group; and the trend of the relative expression of AQP4m-
RNA in the brain tissue around the postoperative hematoma was
basically consistent with the change in the water content in the
brain group. The brain tissue water content and relative expression
of AQP4mRNA at each time point were higher than those of the
Sham group (P <0.05), which confirmed that AQP4 was involved
in the occurrence of cerebral edema after ICH. This is similar to
the conclusions of others (16).

AQP4mRNA
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Fig. 3. Relative expression of AQP4mRNA in brain tissue at various

time points in experimental rats after operation.
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After ICH, due to the cascade of hematomas, a large number
of thrombin synthesis scores can be activated. Studies show that
thrombin activation in ICH is not only related to the body’s pre-
vention of hematoma expansion (17), but also to the formation
of cerebral edema (18). The mechanism is that the combination
of thrombin and PAR1 causes PAR1 to be activated, causing
phospholipase C (PLC) to be activated on the cell membrane.
Activation and decomposition into phosphatidylinositol diphos-
phate 2(PIP2) produces diglyceryl glycerol (DG) and inositol
triphosphate 3(IP3). Promote intracellular Ca*" overload through
DG and IP3 signaling pathways (19).Thus, the activation of mul-
tiple signaling pathways in the cell eventually leads to the up-
regulation of AQP4mRNA expression. Studies have found that
the use of a thrombin-specific inhibitor hirudin can effectively
inhibit the occurrence of cerebral edema after ICH (20), and the
mechanism may be achieved by down-regulating AQP4mRNA
expression and further down-regulating AQP4 (21), Thrombin
can play various roles only in combination with PAR1, and stud-
ies have found that the peak expression of PARI after ICH in
rats is consistent with the peak of cerebral edema and baicalin
can reduce cerebral edema symptoms by inhibiting PAR-1 ex-
pression in brain tissue after ICH (22), suggesting that PAR1
is indeed involved in the occurrence and development of ce-
rebral edema after cerebral hemorrhage (23), therefore, theo-
retically, by appropriately inhibiting PAR1, blocking the above-
mentioned cellular signal transduction pathway can reduce brain
tissue edema. However, some studies have shown that cerebral
edema and neurological dysfunction after cerebral infarction in
PAR1 knockout rats are worse than those in the control group,
suggesting that severe PAR1 deficiency after brain injury is not
conducive to reducing brain tissue edema (24). In this study, we
observed that in the PI(H) group compared with ICH group, the
relative expression of AQP4mRNA increased and brain water
content increased at various time points after surgery (p < 0.05),
suggesting that excessive PAR1 inhibitors may be upregulated.
The expression level of AQP4mRNA further aggravates cerebral
edema after ICH. At the same time, we also observed that in the
PI(L) group compared with the ICH group, the relative expres-
sion of AQP4mRNA at each time point after surgery decreased,
and brain water content decreased (p < 0.05), suggesting that the
appropriate dose of PAR1 inhibitor may be down-regulated. The
expression level of AQP4mRNA further reduced cerebral edema
after ICH. The possible mechanism for this phenomenon is as
follows: a suitable dose of PAR1 inhibitor can keep the appropri-
ate degree of PAR1 activated, and studies have shown that PAR1
can upregulate the expression of heat shock protein (HSP) (25).
On the one hand, HSP can increase the level of glutathione in
cells, enhance the resistance of cells to oxygen free radical dam-
age after cerebral hemorrhage, stabilize cell membranes and ion
pumps, reduce Ca*" overload and thereby reduce the expression
of AQP4mRNA, and reduce the degree of cerebral edema; and
when high doses of PAR1 inhibitors reduce the HSP expression
after excessive inhibition of PARI activity, which is not condu-
cive to reducing brain tissue edema.

Conclusions

Up-regulation of AQP4mRNA expression after [CH increases
cerebral water content; and a suitable dose of PAR1 inhibitor can
reduce cerebral edema after ICH in experimental cerebral hemor-
rhage rats. The mechanism may be related to down-regulation of
AQP4mRNA expression. This study provides new evidence on the
treatment of cerebral hemorrhage by PAR1 inhibitor.
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