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ABSTRACT
Xingnao enema (XN) has been commonly used to treat intracerebral hemorrhage (ICH) in China with good
therapeutic effect. As very little is known about the mechanism of action of XN, the purpose of this project
was to investigate the neuroprotective effect of XN on ICH model rats and to explore the underlying
mechanisms of this therapy. In this study, experimental ICH was induced by the administration of stereotaxic
collagenase type VII into the caudate nucleus. XN (at a high dose and a low dose of 3.60g·kg-1 and
1.80g·kg-1, respectively) was administered via enema. The detection of neuronal apoptosis was measured
by TUNEL assay. Using immunofluorescence, the expression of claudin-5, ZO-1 and VE-cadherin was
detected. The expression of DNA methyltransferase 3b (DNMT3b) and Matrix metalloproteinase-9
(MMP-9) was evaluated by western blot. And microRNA-29b was identified using quantitative realtime PCR. 3). Compared with the Model group, the group treated with XN had a significantly reduced
number of dead neurons in hippocampus and cortical regions of ICH rats. Furthermore, this treatment
significantly increased protein expression of claudin-5, ZO-1 and VE-cadherin while protein expression
of DNMT3b and MMP-9 were significantly inhibited. Finally, microRNA-29b level were also lower than
the Model group. Our data suggests that XN has significant neuroprotective effects on the ICH model rats,
which might help to protect the blood brain barrier by regulating of a cascade including the expression of
microRNA-29b which regulates DNMT3b that in turn regulates level of MMP-9.

INTRODUCTION

I

ntracerebral hemorrhage (ICH) is a disease with a
complicated pathogenesis and high morbidity (Wilson
et al., 2014; Fiorella et al., 2015). After ICH, hematoma,
edema, secondary reaction including inflammatory
reaction, oxidative stress and blood-brain barrier (BBB)
damage can occur in succession (Ivanidze et al., 2015).
Disruption of the blood-brain barrier (BBB) plays an
important role in the occurrence and development of
ICH (Abbott et al., 2006). Since the BBB can prevent
some substances in the blood from entering the brain, it
is commonly regarded as having a protective function
between blood and the brain tissue (Ballabh et al., 2004).
The blood-brain barrier is mainly maintained by junction
proteins such as claudins, zonula occludens and cadherins
(Liu et al., 2012). Studies have suggested that microRNA29b regulates BBB dysfunction by regulating the level of
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DNMT3b, which in turn regulating the level of MMP-9
(Kalani et al., 2014), and MMP-9 can eat up the junction
proteins such as claudin-5, ZO-1 and VE-cadherin and
lead to leaky vasculature.
As a disease, ICH has attracted worldwide attention,
however, effective therapies and drugs for this condition
are still lacking. ICH is referred to as hemorrhagic apoplexy
in Traditional Chinese Medicine (TCM). TCM has played
a crucial role in the treatment of patients suffering from
ICH. Specifically, the characteristics of multi-target and
holistic treatment of TCM have shown some advantages in
treating intracerebral hemorrhage through a complicated
mechanism. In China, there are medical institutions that
use Chinese herbal formula administered via enema to
treat ICH patients; a process particularly suitable for coma
patients.
Xingnao enema (XN) (Su et al., 2014), a Chinese
herbal formula including rhubarb, leech, Acorus calamus
and borneol, has been prescribed to treat brain coma or brain
injury patients after cerebral hemorrhage. Previous studies
have shown that XN could shorten coma time, improve
the permeability of the BBB and reduce the mortality and
disability rate in patients with ICH (Zhang et al., 2001;
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Cui et al., 2000). However, the protective effect of XN
on BBB integrity from a molecular standpoint requires
further research. In this study, we explore on the protective
effect of XN on BBB disruption following intracerebral
hemorrhage in rats and the probable protective mechanism
by which it acts.

MATERIALS AND METHODS
Materials
Male Wistar rats (250-300g) were provided by the
Beijing Weitong Lihua Experimental Animal Technology
Co., Ltd [License number: SCXK (jing):2016-0011].
The rats were housed in an environment that controlled
temperature and humidity, and they could access to food
and water freely. The weight of rats was monitored every
day and all experiments were performed according to the
procedures approved by Henan University of Traditional
Chinese Medicine Animal Care and Use Committee.
Claudin 5 antibody was purchased from Lifespan and
VE-cadherin-2 was obtained from Novus. ZO-1 antibody
and MMP9 antibody were purchased from Proteintech
Group Inc. (Wuhan, China). Finally, Dnmt3b antibody
was purchased from Abcam (USA). Angong Niuhuang
Pill was purchased from Beijing Tongrentang Technology
Development Co., Ltd. (No: 1601 1928).
XN was provided by the Preparation Laboratory of
Henan Province Hospital of Traditional Chinese Medicine.
Drug preparation was as follows: (1) Rhei radix et rhizoma
were extracted twice with ethanol for 1.5h each time: 10
times volume with ethanol was used for the first time and
8 times volume with ethanol was used for the second time.
The two ethanol extracts were filtered and mixed and the
tannins were removed with 5% gelatin. At last the extracts
were concentrated to 1.5g·ml-1. (2) Hirudo nipponica
Whitman was digested two times (2h each time) in room
temperature water. The extract was filtered, mixed and
vacuum condensed to concentration of 0.9g·ml-1. (3) The
volatile oil of Acorus tatarinowii Schott was extracted via
water vapor distillation. (4) L-borneolum was crushed
into fine powder. Subsequently, Rhei radix et rhizoma
and Hirudo nipponica Whitman extractions, Acorus
tatarinowii Schott volatile Oil and L-borneolum fine
powder were mixed and the concentration was adjusted to
1.5g/crude herb/ml with 0.5g·ml-1 carboxymethylcellulose
sodium (CMC).
Angong Niuhuang pill (AGNH) was prepared into
0.18g·ml-1 suspension with 0.5g·ml-1 CMC.
Establishment of rat model
XN (at a high dose and low dose of 3.6g·kg-1 and
1.8g·kg-1, respectively) was administered via enema to

rats for one week prior to ICH induction. Besides control
group, rats were anesthetized with 4% chloral hydrate
intraperitoneally (8 mL·kg-1). Using a stereoscopic locator,
a longitudinal incision about 1cm was made at the midline
of scalp, with a deviation to right of about 3mm. Then,
scalp and subcutaneous tissue was separated, and a blunt
separation was made in the periosteum. According to the
position of the anterior fontanelle, the position of 2mm at
the front of the front fontanelle and middle line was opened
3mm, and a hole about 1mm in diameter was drilled using
a dental drill. A microinjector was used to inject vertically
along the borehole direction with the depth of 4.0 mm, and
then 0.5μl collagenase VII was injected into the caudate
nucleus slowly and equally. The whole injection process
was controlled within 3 minutes. After the injection, the
needle was kept for 10 minutes, and slowly withdrew from
the microinjector. Finally, the sewn skin was sutured after
slow withdrawal of the needle and each animal was placed
in an empty cage for recovery. During the surgical period,
the body temperature of animals was maintained using an
electric lamp irradiation.
Longa 5 grade scoring method was used to evaluate
the success in establishing the ICH rat model. In total,
48 successful wistar rats were randomly divided into
four groups: Angong Niuhuang pill group, high-dose XN
group and low-dose XN group, model group; in addition,
designed blank group and sham operation group, 6 rats in
each group. Each group was respectively given Angong
Niuhuang pill (0.27 g·kg-1), high-dose XN (3.60 g·kg-1)
and low-dose XN (1.80 g·kg-1), normal saline, normal
saline and normal saline through enema for 3 days (once a
day) before establishment of ICH model. After successful
establishing the model, the drug was continually given for
3 days. After the last administration, the caudal venous
serum was taken from each rat for 2 mL; Six rats in each
group were treated with paraffin section of the hemorrhage
side brain tissue, and the remaining 6 rats were extracted
the total protein from the hemorrhage side brain tissue.
Drug administration and sample collection
After ICH model rat recovery, 1.80g·kg-1 XN was
administered by enema for the low-dose XN group,
3.60g·kg-1 XN was administered by enema for the highdose XN group and 0.27g·kg-1 AGNH was administered by
enema for positive group. The blank control group, Model
group and Sham control group were injected with the
same amount of normal saline. All of this administration
occurred in one day.
Rats were anesthetized with 4% chloral hydrate (8
mL·kg-1) and sacrificed three days after ICH induction.
Brain tissue was removed and cleaned with PBS. Brain
tissue samples were frozen at -80℃ for western blot and
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quantitative real-time PCR experiments. Some brain tissue
samples were soaked in 4% paraformaldehyde at 4℃ for
further immunohistochemistry experimentation.
TUNEL assay
The cerebral tissues of ICH rats were fixed with
4% paraformaldehyde (8:1) for 24 h. According to the
instructions of apoptosis detection kit, the cerebral
tissues were dehydrated by series of elevated ethanol
concentrations, embedded in paraffin wax, sliced and
dewaxed. After rinsing in PBS, each sample was incubated
with 20 μg·mL-1 proteinase K solution at the room
temperature for 20 min and then washed again with PBS.
Each sample was then incubated with Equilibrium BufferdUTP-TdT Enzyme (10:5:1) at the room temperature for
30 min. DAPI solution was used to dye the nucleus and the
reaction was protected from light for 5 min. Then the film
was sealed with sealing liquid containing a fluorescence
quenching agent, and the results were observed under the
fluorescence microscope.
The apoptotic cells had green fluorescence and the
nuclei had blue fluorescence within tissue sections. Using
the conventional labeling index, three high-power visual
fields (400x) were selected and each cell was counted.
Finally the labeling index of each field was counted.
Labeling index was defined as the number of positive cells
in each field / all cells in the field. The apoptotic index of
each case was equal to the average of the labeling indexes
for each field.
Immunohistochemistry analysis
Cortex and hippocampal hemorrhage side brain
tissues were fixed with paraformaldehyde (8:1,V/V) and
then were dehydrated in an ascending alcohol series,
embedded with paraffin and then sectioned. After the
sections were deparaffinized and rehydrated, the sections
were quenched in the 3% hydrogen peroxide and methanol
solution, then blocked in the normal goat serum for 30 min
at the room temperature. Furthermor, antibody claudin-5,
ZO-1 and VE-cadherin diluted with PBS (1:200, 1:100,
1:200, respectively) were added. While the sections were
incubated the sections overnight at 4℃, rinsed with PBS,
dried with absorbent paper. Then the secondary antibody
(HRP-labeled goat anti-rabbit) was added dropwise,
incubated for 20 min at the room temperature, washed
with PBS, and dried with absorbent paper. Freshly
prepared DAB chromogen was added to each section and
observed under a microscope. After the color development
was completed, the sections were washed with tap water
to terminate the color development, Harris hematoxylin
was counter-dyed, dehydrated, seal the slice. Finally, the
images were observed and collected under the microscope.
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Western blot analysis
The expression of DNMT3b and MMP-9 protein was
assessed by western blot. The total protein of hemorrhage
side brain tissues was extracted and measured using the
Bradford method. Equal amounts of protein (40μg) were
denatured by boiling for 10min, separated with SDSPAGE electrophoresis and then transferred to the PVDF
membranes. After that, the PVDF membranes were blocked
with blocking buffer TBST containing 5% skimmed milk
powder for 2h at the room temperature. Then the membrane
were incubated with primary antibodies overnight at 4℃,
and followed with the secondary antibody incubation at
the room temperature for 2h. The PVDF membranes
were washed by TBST for 6 times (5 min each time). The
enhancement solution in ECL reagent was mixed with the
stable peroxidase solution at 1:1, and the working solution
was added to the PVDF membranes. After the reaction to
the obvious fluorescence band, the excess substrate was
absorbed by filter paper and the plastic wrap was covered.
Then the X-ray film is pressed into the developing solution,
fixative solution in turn and the film is developed. Dry and
scan the film and analyze the gray value of the film with
BandScan 5.0 software. The relative expression level of
the protein is expressed by the gray value of the target
protein/GAPDH gray value.
Quantitative real-time PCR for microRNA-29b
First, total RNA was extracted from the samples.
Differential spectrophotometry (OD260/280) was used to
determine the purity and integrity of the total RNA. Then
the reverse-transcription reactions were performed using a
Hiscript Reverse Transcriptase kit. Quantitative real-time
PCR was prepared using the SYBR Green dye method.
In the end, a dissolution curve was drawn and the relative
expression level of microRNA-29b was calculated with
2-△△Ct.
Statistical analysis
Statistical analysis was analyzed in SPSS 18.0
software using one-way ANOVA analysis. All values were
presented as means ± SEM. P < 0.05 was used to indicate
a statistical significance.

RESULTS
Neuronal apoptosis in ICH rats
The index of neuronal apoptosis in the model group
were significantly more than the sham-operated group.
The neuronal apoptosis in the blank group and the
sham-operated group were rarely detected in the tissues
surrounding the bleeding site, indicating that the ICH
model is successful. After XN intervention, the index of
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neuronal apoptosis in the low-dose and high-dose XN
enema groups were reduced significantly compared with
the model group (**P<0.01; Table I, Fig. 1).
Table I.- Effect of XN on neuronal apoptosis in
hemorrhagic brain tissue in ICH rats (x̄ ±s; n=6).
Group
Blank group
Sham-operated group
Model group
AGNH group
XN (low dose)
XN (high dose)

Dosage
0.27g·kg-1
1.80g·kg-1
3.60g·kg-1

the protein expression levels in the hippocampus regions
of the XN-high dose group were higher than those of the
model group (claudin-5, **P<0.01; ZO-1, **P<0.01; VEcadherin, *P<0.05), in the cortical regions higher than
those of the model group too (Claudin-5, **P<0.01; ZO1, **P<0.01; VE-cadherin, **P<0.01). The expression
levels of Claudin-5, ZO-1, VE-Cadherin-2 protein in the

Apoptotic index (%)

0.88 ±0.14
12.49±6.36
43.26±6.55##
6.57 ±1.82**
23.82 ±3.89**
13.05 ±1.42**

#
P<0.05, ##P<0.01, versus sham-operated group;
P<0.01, versus model group

*

P<0.05,

**

Expression of claudin-5, ZO-1 and VE-cadherin-2 in ICH
rats
Compared with the sham-operated group, the
expression of claudin-5, VE-Cadherin-2, and Z0-1 protein
in the hippocampus and cortical regions of model group
was significantly lower (##P<0.01). The results showed that
3 days after ICH model induction the integrity of BBB was
destroyed. Protein expression of AGNH group was higher
than those of the ICH group. After XN enema intervention,

Fig. 1. Effect of XN on neuronal apoptosis in hemorrhagic
brain tissue of ICH rats. Under the fluorescence
microscope, blue represents cell nuclei, green intensity
represents apoptotic cells in the blank group (A), shamoperated group (B), model group (C), AGNH group (D)
and XN-treated (low/high doses, E/F) groups. The two
patterns were superimposed to determine the apoptosis.
All images were taken at 400× magnification.

Table II.- Effect of XNE on the expression of Claudin-5, ZO-1 and VE-cadherin protein in hippocampus and cortical
regions of ICH rats (x̄ ±s; n=6).
Group

Dosage
Claudin-5

Density
ZO-1

VE-cadherin

Hippocampus
Blank group
Sham-operated group
Model group
AGNH group
XN (low dose)
XN (high dose)
Cortical regions

0.27g·kg-1
1.80g·kg-1
3.60g·kg-1

0.0106±0.0008
0.0070±0.0007
0.0017±0.0001##
0.0052±0.0003*
0.0038±0.0001
0.0073±0.0019**

0.0074±0.0007
0.0180±0.0020
0.0027±0.0004##
0.0145±0.0012**
0.0060±0.0009*
0.0085±0.0005**

0.0143±0.0020
0.0185±0.0033
0.0084±0.0009##
0.0161±0.0012**
0.0095±0.0013
0.0134±0.0016*

Sham-operated group
Model group
AGNH group
XN (low dose)
XN (high dose)

0.27g·kg-1
1.80g·kg-1
3.60g·kg-1

0.0054±0.0008
0.0016±0.0001##
0.0051±0.0009**
0.0021±0.0002
0.0074±0.0006**

0.0101±0.0003
0.0028±0.0007##
0.0089±0.0005**
0.0037±0.0006
0.0064±0.0006**

0.0221±0.0013
0.0061±0.0007##
0.0144±0.0007**
0.0076±0.0014
0.0124±0.0009**

For details, see Table I.
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Fig. 2. Expression alteration of claudin-5, ZO-1 and VE-cadherin protein by immunohistochemistry in ICH rat hippocampus tissue
in blank group (A), sham-operated group (B), model group (C), AGNH group (D), and XN-treated (low/high doses, E/F) groups.
All images were taken at 400× magnification. (i) expression of Claudin-5 protein in hippocampus of ICH rats; (ii) expression of
ZO-1 protein in hippocampus of ICH rats; (iii) expression of VE-cadherin protein in hippocampus of ICH rats. The results are also
expressed in a bar graph showing the density alteration of claudin-5, ZO-1 and VE-cadherin protein in hippocampal tissue. Data
are represented as mean±SEM (#P<0.05, ##P<0.01, versus sham-operated group; *P<0.05, **P<0.01, versus model group); data
analyzed from six independent experiments (n=6).
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Table III: Effect of XN on the expression of MMP-9 and DNMT3b in ICH rats (x̄ ±s; n=6).
Group

Dosage

MMP-9/GAPDH

DNMT3b/GAPDH

Blank group
Sham-operated group
Model group
AGNH group
XN (low dose)
XN (high dose)

0.27g·kg-1
1.80g·kg-1
3.60g·kg-1

0.3795 ±0.084
0.3935 ±0.056
0.8305 ±0.135##
0.5880 ±0.023*
0.7440 ±0.052
0.6030 ±0.004*

0.363±0.0240
0.380±0.0255
0.632±0.0453##
0.433±0.0042**
0.557±0.0361*
0.497±0.0021**

For details, see Table I.

hippocampus regions of XN-low dose group were higher
than those of the model group, but there is no significant
difference (P>0.05) except ZO-1(*P<0.05); in cortical
regions higher than those of the model group, but there
is no significant difference either (P>0.05) (Table II, Figs.
2-3).
Expression of MMP-9 and DNMT3b in ICH rats
Compared with the sham-operated group, the
expression levels of MMP-9/GAPDH and DNMT3b/
GAPDH in the model group were significantly (##P<0.01)
elevated; compared with the model group, the expression
levels of MMP-9/GAPDH and DNMT3b/GAPDH in
high-dose XN group were significantly alleviated (MMP9/GAPDH,*P<0.05; DNMT3b/GAPDH,**P<0.01), the
expression levels of MMP-9/GAPDH and DNMT3b/
GAPDH in low-dose XN group were alleviated (MMP9/GAPDH, no significant difference, P>0.05; DNMT3b/
GAPDH, *P<0.05) (Table III, Fig. 4).
Level of microRNA-29b in ICH rats
Compared with the sham-operated group, the
expression of microRNA-29b increased in model
group (##P<0.01). Compared with the model group, the
microRNA-29b level significantly decreased in XNhigh dose group (**P<0.01), and there is no significant
difference in XN-low dose group (P>0.05) (Table IV, Fig.
5).

DISCUSSION
TCM has played a crucial role in the treatment of
ICH. Zheng et al. (2014) used the Marmarou method
to make diffuse brain injury model in rats. It was found
that the Angong Niuhuang pill, a TCM preparation,
could effectively protect the BBB and brain tissue, and
significantly reduce edema, cerebral infarct size, and cell
apoptosis. Our previous studies have been preliminary

studies on the protective effect of XN by clinical and
pharmacological experiments (Cui et al., 2000). Cui
Yinglin et al. used XN in the ICH rat model and found that
XN could promote the absorption of hematoma and has a
better effect in reducing intracranial pressure. Clinically,
XN has been used by Cui Yinglin in coma patients with
intracerebral hemorrhage and found that it alleviated brain
edema, relieved intracranial pressure and improved the
permeability of the BBB. As a consequence, maintaining
the integrity of the BBB is very important for brain
protection after ICH.
Table IV: Effect of XN on the expression of microRNA29b in ICH rats (x̄ ±s; n=6).
Group

Dosage

MicroRNA-29b

Blank group

-

0.984±0.300

Sham-operated group -

0.895±0.248

Model group

-

2.482±0.512 ##

AGNH group

0.27g·kg-1 1.552±0.334**

XN (low dose)

1.80g·kg-1 2.135±0.359

XN (high dose)

3.60g·kg-1 1.802±0.534**

For details, see Table I.

BBB is a unique barrier structure of brain microvessels
which can selectively penetrate substances and can prevent
harmful substances from entering the brain tissue, thereby
it can maintain the stability of the CNS environment in
the central nervous system (Ivanidze et al., 2015). The
pathological mechanism of brain injury after ICH is very
complicated. After ICH, the permeability of BBB around
hematoma is enhanced, resulting in the destruction of
the physiological function of BBB-mediated substance
transmission, which in turn leads to vasogenic brain edema
around the hematoma (Shiba et al., 2014; Han et al., 2008).
Meanwhile, various cytotoxic substances produced by ICH
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Fig. 3. Expression alteration of claudin-5, ZO-1 and VE-cadherin protein by immunohistochemistry in ICH rat cortical regions
in blank group (A), sham-operated group (B), model group (C), AGNH group (D), and XN-treated (low/high doses, E/F) groups.
All images were taken at 400× magnification. (i) expression of claudin-5 protein in cortical regions of ICH rats; (ii) expression
of ZO-1 protein in cortical regions of ICH rats; (iii) expression of VE-cadherin protein in cortical regions of ICH rats. The results
are also expressed in bar graph showing density alteration of claudin-5, ZO-1 and VE-cadherin protein in cortical regions. Data
represented as mean±SEM (#P<0.05, ##P<0.01, versus sham-operated group; *P<0.05, **P<0.01, versus model group); data
analyzed from six independent experiments (n=6).
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Fig. 4. SDS-PAGE effect of XN on the expression of MMP-9 and DNMT3b in ICH rats. Western blot results showed expressions
of MMP-9 and DNMT3b in blank group(A), sham-operated group (B), model group (C), AGNH group (D), and XN-treated (low/
high doses, E/F) groups. Protein expressions are normalized with their respective glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) controls and the results are also represented in a bar graph showing MMP9 and DNMT3b band intensity, normalized
with GAPDH band intensity. Data represent mean±SEM (#P<0.05, ##P<0.01, versus sham-operated group; *P<0.05, **P<0.01,
versus model group); data analyzed from six independent experiments (n=6).

Fig. 5. The effect of XN on the expression of microRNA29b in ICH rats. Bar graph showing the change in
microRNA-29b protein expression in the blank, shamoperated, model, AGNH group and XN-treated (low/high
doses) groups. Data represented as mean±SEM (#P<0.05,
##
P<0.01, versus sham-operated group; *P<0.05,
**P<0.01, versus model group); data analyzed using six
independent experiments (n=6).

can lead to necrosis and apoptosis of nerve cells after
moving through the BBB (Ansar et al., 2014; Zhang
et al., 2003). Many animal experiments and clinical
researches have confirmed that destruction of the BBB is
a common and important pathophysiological change after
cerebral hemorrhage (El Amki et al., 2018; Wang et al.,
2012). In our study, the ICH rat model was established,
and it was found that the apoptotic index of the brain

tissue in the hemorrhagic side and its surrounding tissues
increased significantly (P<0.01) (as shown in Fig.1),
which indicated that the breakdown of the BBB after
intracerebral hemorrhage further led to the apoptosis of
nerve cells. Therefore, maintaining the integrity of the
BBB may be a potential therapeutic target for ICH and
other brain microvascular injury related diseases.
Matrix metalloproteinases (MMPs) are a group of
proteolysis enzymes that can degrade extracellular matrix
including neurovascular basement membrane and tight
junction of proteins in BBB (Akpinar et al., 2016; Chou
et al., 2011). Within the subtypes of MMPs, MMP-9 is
thought to be closely related to the BBB injury induced
by cerebral ischemia-reperfusion injury (Rottenberger
and Kolev, 2011). Among the structural protein that form
the BBB, Claudin-5 and ZO-1 are important tight junction
protein, and VE-cadherin is an important adhesion
protein. And the expression of these protein is crucial for
maintaining the integrity of the BBB (Chen et al., 2012;
Yang et al., 2007). Evidence has indicated that during
cerebral ischemia, the expression of MMP-9 increased
significantly in the vascular endothelial cells of cerebral
infarction and surrounding lesions. MMP-9 can increase
BBB permeability by breaking down tight junction protein
during cerebral ischemia, which plays the key role in the
formation of cerebral edema (Kumar and Patnaik, 2017;
Zhu et al., 2015). Considering our research, as shown in
Figure 2-3, the expression of claudin-5, ZO-1and VEcadherin protein in hippocampus and cortical brain of the
hemorrhage side decreased significantly after intracerebral
hemorrhage (P<0.01). Therefore, drugs that can regulate
the expression of MMP-9 may be effective in ICH brain
protection. Guo et al. (Guo et al., 2011) and Suzuki et al.
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(Suzuki et al., 2011) showed that inhibition of MMP-9 can
reduce early brain damage after subarachnoid hemorrhage
in rats. Anuradha Kalani et al. (Kalani et al., 2014) also
confirmed that microRNA-29b can directly target DNA
methyltransferase 3b (DNMT3b). DNMT3b can target
MMP-9, then MMP-9 can break the tight junction protein
and cause the increase of BBB permeability (Garzon et
al., 2009; Fabbri et al., 2007). Thus, the regulation of
microRNA-29b on the DNMT3b/MMP-9 pathway has
been well established (Khanna et al., 2013; Kalani et
al., 2013). Moreover, our data also confirmed that the
expression of microRNA-29b, DNMT3b and MMP-9 in
the brain tissue of the hemorrhagic side of the ICH rat
model was increased (Fig. 4, 5), indicating that the pathway
of microRNA-29b/DNMT3b/MMP-9 was stimulated
leading to the destruction of the BBB and the apoptosis of
nerve cells. Therefore, a future direction in drug research
for brain protection in patients with ICH should focus on
those that interfer with the expression of microRNA-29b.
The aim of this study was to provide a new approach
to predict whether XN could maintain the integrity of the
BBB by regulating the microRNA-29b/DNMT3b/MMP9 pathway. Our results suggested that the expression of
claudin-5, ZO-1 and VE-cadherin proteins, which are
related to the BBB in hippocampus and cortical regions
of ICH rats, was increased after interference by XN (Fig.
2, 3). Neuronal apoptosis was also decreased (Table 1)
indicating that XN may play a cerebral protective effect
by maintaining the integrity of the BBB. Our results also
confirmed that XN enema could decrease the expression
of microRNA-29b, DNMT3b and MMP-9 (Fig. 4, 5). In
other words, there was a negative correlation between
XN treatment and microRNA-29b /DNMT3b /MMP-9
pathway, indicating that the XN enema could maintain the
integrity of the BBB in ICH rats by regulating microRNA29b/DNMT3b/MMP-9 pathway and further exerting brain
protection.

CONCLUSIONS
Our results demonstrate that XN could reduce the
apoptosis of nerve cells, stimulate the expression of claudin
5, ZO-1 and VE-cadherin and inhibit the expression of
microRNA-29b, DNMT3b and MMP-9. In summary, XN
has a protective effect on the BBB disruption following
intracerebral hemorrhage. Furthermore these results may
provide some theoretical basis for future research on
microRNA-29b expression in ICH patients.
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