Research

Minimally Invasive Surgery for Intracerebral Hematoma
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Expression and Decreased the Blood Brain Barrier
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Abstract

Objective: To observe the effects of minimally invasive surgery (MIS) for hematoma of
intracerebral hemorrhage (ICH) evacuation followed by rosiglitazone (RSG) infusion therapy
on perihematomal tight junction associated proteins occludin and zonula occludens-1 (ZO-1)
expression as well as blood brain barrier (BBB) permeability in rabbits.

Methods: A total of 50 male rabbits (2.5-3.5 kg) were randomly assigned to a sham group
(Sham group, 10 rabbits), an ICH model group (HM group, 10 rabbits), a RSG medication group
(RSG group, 10 rabbits), a minimally invasive surgery group (MIS group, 10 rabbits) and a MIS
combined with RSG group (MIS+RSG group, 10 rabbits). ICH was induced in all of the rabbits
except for those in the Sham group. An MIS was performed to evacuate the hematoma at 6 hours
after the successful preparation of the ICH model in the MIS group and the MIS+RSG group. The
RSG (0.5mg, dissolved in 0.1 ml of 0.9% sodium chloride solution) was infused into the hematoma
area in the RSG group and the MIS+RSG group. All rabbits were sacrificed on day 7 after the relative
processes were performed successfully, and the perihematomal brain tissue was removed to
determine the occludin and ZO-1 expression and BBB permeability by Evens Blue (EB).

Results: The occludin and ZO-1 expression were all significantly decreased and the BBB
permeability was increased in the HM group compared with the Sham group. The RSG used alone
or performing the MIS alone to evacuate the ICH resulted in a marked increase in the occludin and
Z0-1 expression and decrease in BBB permeability. The MIS+RSG group displayed a great increase
in the occludin and ZO-1 expression and a more significant decrease in BBB permeability.

Conclusions: The MIS combined with RSG medication could significantly increase the
perihematomal occludin and ZO-1 expression and decrease in BBB permeability which plays
an important therapeutic role in secondary brain damage following ICH.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is
defined as bleeding within the brain parenchyma
[1], and it has a higher mortality rate of 35.52%
within 30 days after onset. Only 20% of
individuals who survive ICH are independentat 6
months [2-4]. ICH has higher rates of mortality,
morbidity, and disability than any other type of
stroke. However, there were no effective treatment
approaches currently available for ICH [5]. The
use of medications and conservative treatment
of ICH is still lack of effective drugs. Surgical
treatment of ICH is invasive during clot removal
and may result in an iatrogenic impairment.
In recent 10 years, minimally invasive surgery
(MIS) for evacuating blood clots (hematoma)
appears to be a promising strategy. MIS is a safe
and practical technique in treating ICH. Patients
with ICH may be benefit more from MIS than
other treatment options [6-9]. Although MIS
could effectively evacuate blood clot and reduce
the brain damage following ICH, but does
not completely remove the erythrocytes and
cytotoxic substances which extravasate into the
adjacent brain [10-13]. The role of the MIS
in reducing secondary brain damage remains
limited. Performing the MIS for removing
blood clot followed by medications to prevent
secondary damage might be an optimal method
[10,14].

Recently published studies have demonstrated
that BBB disruption is a key pathophysiological
process of ICH and a hallmark of ICH-induced
brain injury. It is probable that prevention
of ICH-induced BBB disruption will involve
blocking multiple pathways or blocking a
common end pathway. For example, by
stabilizing tight junction (TJ) structure [15].
An important structural element of the BBB is
the endothelial TJ. TJ are elaborate networks
of transmembrane and cytosolic proteins that
regulate  epithelial ~ permeability, localized
at the most apical end of the lateral plasma
membrane [16,17]. The normal expression
of the endothelial T] associated-proteins are
the basis of maintaining BBB structure and
functioning [18,19]. Wang Y et al. demonstrated
that Rhubarb attenuates BBB disruption via
increased ZO-1 expression in a rat model of
ICH.The level of TJ associated-proteins ZO-1
are closely associated with the degree of BBB
damage, and are indicators of BBB destruction
[20]. Chu H et al. suggested that Erythropoietin
protects against hemorrhagic BBB disruption
through the effects of aquaporin-4.The data

revealed that Erythropoietin protects BBB from
disruption after ICH, and that the main targets
are the T] proteins occludin and ZO-1 [21].
However, little information is known about
the changes of occludin and ZO-1 expressions
in perihemotomal brain tissues after MIS for
ICH. Angiogenic cerebral edema induced by
BBB destruction is associated with the clinical
prognosis in patients of ICH [22,23].

Rosiglitazone (RSG), an agonist of peroxisome
proliferator-activated receptor-gamma (PPARYy),
has shown neuroprotective effects in patients
with ischemic stroke and Alzheimer’s disease. It
has reported that RSG could significantly reduce
brain tissue loss, ameliorated white matter
injury, and improved sensorimotor and cognitive
functions and increased the numbers of newly
generated mature oligodendrocytes after middle
cerebral artery occlusion [24]. RSG reversed
depressive behaviors in mice, as indicated by the
forced swimming testand open field test. RSG was
also found to inhibit the inflammatory response,
decrease corticosterone levels, promote astrocyte
proliferation and neuronal axon plasticity in the
prefrontal cortex of mice, and exerts an anti-
depressive effect in unpredictable chronic mild-
stress-induced depressive mice by maintaining
essential neuron autophagy and inhibiting
excessive astrocytic apoptosis [25].  Several
studies have shown the beneficial role of RSG in
the treatment of ICH [10,26]. RSG promoted
hematoma resolution, decreased neuronal
damage, and improved functional recovery in
a mouse ICH model, believing that RSG may
activate microglia/macrophages by PPARy to
promote hematoma resolution, which may be a
therapeutic target in ICH treatment [26]. Our
previous study has revealed that performing
MIS to evacuate the hematoma following
ICH by RSG infusion therapy decreased
perihematomal ~ matrix  metalloproteinase-9
(MMP-9) expression, BBB permeability and
brain edema in a rabbit ICH model [27]. T]
proteins such as occludin and ZO-1 et al. could
be considered the potential biomarkers reflecting
the integrity of the BBB in ICH [28]. However,
there is less investigations regarding the effect
of the combined use both MIS for hematoma
evacuation and RSG infusion for the treatment
of ICH, as well as the effect on perihematomal
occludin and ZO-1 levels and BBB permeability.

The present study was designed to observe
the effect of the combined use both MIS for
hematoma evacuation and RSG infusion on
perihematomal secondary brain injury in a rabbit
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model of ICH. The aim of this research was to
explore the new therapeutic target for ICH.

Methods and Materials
= Materials
= Main reagents and drugs

The following reagents and drugs were used in this
study: TRIzol reagent (Tiangeng Biochemical
technology Co. Ltd.,, Beijing, China),
chloroform, isopropyl alcohol, 100% ethanol,
75% ethanol, RNase Free HZO, 75% DEPC,
formamide (molecular formula:HCONHz,
Chongqing Chuanjiang Chemical Reagent
Factory,  Chongging,  China), urethane
(molecular formula:C3H7NOZ, Wuxi Yangshan
Biochemical, Wuxi, China), Evans Blue (EB,
Beijing Hengye Zhongyuan Chemical Co. Lid.,
Beijing, China), urokinase (Tianjin Biochemical
Co. Lid., Tianjin, China), Rsiglitazone (sigma,
California, USA), 4%  paraformaldehyde
(Wuhan Boster Biological Technology Co.
Ltd., Wuhan, China), PrimeScript™ RT reagent
Kit with gDNA Eraser (TaKaRa Bio, Japan),
Oligo Synthesis (Invitrogen, California, USA),
DL2,000 DNA Marker (TaKaRa Bio, Japan),
SYBR' Premix Ex Taq™ II (Tli RNaseH Plus),
ROX plus (TaKaRa Bio, Japan).

= Main instruments

In this study, the following instruments were
used: a ZH-Lanxing B-Type rabbit stereotaxic
apparatus  (Huaibei Zhenghua Biological
Instrument & Equipment Co. Huaibei, Anhui,
China), electronic scales (Sartorius, Hamburg,
Germany), a Rainbow Type-722 grating
spectrophotometer (Shandong Gaomi Rainbow
Analytical instrument, Gaomi, Shandong,
China), a 5415R high-speed centrifuge (Heraeus
Company, Hanau, Germany), a digital display
thermostat water bath HH-2 (Guohua Electric
Appliance, Xi’an, China), a desktop general
centrifuge (TGL-16B, Shanghai Anting Scientific
Instrument Factory, Shanghai, China), a -80°C
freezer (Forman Scientific Company, Shanghai,
China), a computed tomography (CT) provided
by the Guizhou Medical University, a high
performance liquid chromatography machine
(HP-1100: Agilent Technologies, Palo Alto, CA,
USA), a G1315 A diode-array detector (DAD,
Agilent Technologies, USA), , an Agilent 1313A
automatic sampler (Agilent Technologies, USA),
a column oven (Agilent Technologies, USA) and
scales (Beijing Gangdong Hengye Instrument,
Beijing, China), fluorescence quantitative PCR

instrument (ABI 7500 Fast, Guangzhou, China),
polymerase chain reaction (PCR) amplification
instrument (BBI, Markham, Canada), SW-CJ-
1D clean bench (Jiangsu Sue clean the equipment
factory, Nanjing, China), DK-8 D type electrical
thermostatic sink (Shanghai Senxin Experiment
Instrument Co. Ltd., Shanghai, China), YX]-
2 centrifuge (Hunan Instrument Centrifuge
Instrument Co. Ltd., Changsha, China), liquid
removing device (range 100-1000, 20-200,
0.5-10 ml) (BBI, Canada), and Primer design
software: Primer Premier 5.0.

Methods
m Experiment grouping

This study was approved by the Animal Care and
Use Committee of Guizhou Medical University.
A total of 50 male rabbits (weight 2.5-3.5 kg)
were provided by the Animal Center of Guizhou
Medical University. The rabbits were randomly
divided into a sham group (Sham group, 10
rabbits), a hemorrhage model group (HM
group,10 rabbits), a minimally invasive surgery
group (MIS group, 10 rabbits), a RSG medication
group (RSG group, 10 rabbits) and a MIS
combined with RSG group (MIS+RSG group,
10 rabbits). An ICH model was established in
all rabbits except for those in the Sham group.
All rabbits were sacrificed on day 7 after ICH
models were performed successfully.

= ICH model preparation

The methods used in this study were same to
those in our previously published studies [29,30].
Briefly, the rabbits were anesthetized by injecting
20% urethane (2ml/kg) into the marginal ear
vein. They were then fastened to a stereotaxic
apparatus, and the skin in the operative area was
disinfected with povidone iodine. The skin was
incised 3cm to expose the bregma and lambdoid.
The head was adjusted to make bregma 1.5 mm
higher than the lambdoid suture. The bregma
cross-suture junction as a base point, taking 6
mm left along coronal plane and 1 mm parallel
to sagittal suture as a puncture point. The skull of
the rabbit was drilled with a dental drill (1 mm
diameter) and 0.5 ml of autologous arterial blood
was taken by an insulin syringe from the central
ear artery. The syringe was then connected to a
size 7 needle with flat tip. The size 7 needle was
then quickly inserted vertically into the skull to a
depth of 12 mm, and the 0.3 ml (similar to basal
ganglia hematoma 30ml in humans) autologous
arterial blood was slowly injected into the basal
ganglia. The injection lasted at least 3 minutes.
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The needle was retained for 8 minutes after
blood injection and the needle was then slowly
pulled out. The drill hole was sealed with bone
wax to prevent pneumocephalus. A CT scan
was performed 3 hours later. High-density in
the basal ganglia region, with no shadow in the
lateral ventricle, confirmed that the ICH model
had been successfully established (Figure 1).

‘The rabbits were sent back to the animal room
and housed under a normal condition after
successful ICH induction had been confirmed by
CT scan. All animals recovered from anesthesia
within 5 hours after intravenous injection of
20% urethane. The total anesthesia time was
3 to 5 hours. The exclusion criteria included
visualization of backflow along the needle track,
blood in the ventricle, and death of the rabbit.

m Evaluation of the ICH volume

A CT scan was administrated 3 hours before
the rabbits were sacrificed to demonstrate
the efficacy of the surgical procedures used
for ICH evacuation. Using the Tada formula
[n/6x length (cm) xwidth (cm) xheight (cm)]
to reckoned the hematoma volume before MIS
and after operation. Histological sectioning was
used to determine the hematoma volume after
the rabbits were sacrificed.

= Minimally invasive surgery for ICH
evacuation

The MIS procedures were performed to
evacuate the ICH at 6 hours after the ICH
model was prepared successfully. The rabbits
were anesthetized again and placed in the
stereotaxic apparatus. Using the same drill hole,
a size 7 needle was inserted into the hematoma.
The 0.1ml (5000 U) of urokinase (urokinase
100000 U dissolved in 2ml 0.9% sodium
chloride solution,0.1ml is equal 5000 U) was
injected into the hematoma region. The needle
was kept in place for lhr., followed by slow
aspiration while withdrawing the needle. The
drill hole was sealed with bone wax to prevent
pneumocephalus. The skin was disinfected and
sutured. The rabbits were then sent back to the
feeding room for 7 days. In the Sham group, we
imitated the procedures of ICH, injected 0.3 ml
0.9% sodium chloride solution into the puncture
region and then injected 0.1 ml 0.9% sodium
chloride solution into the same area again after
6 hours. In the HM group and RSG group, just
received a sham minimally invasive procedures
at 6 hours after the ICH model was prepared
successfully. The HM group received 0.1 ml

0.9% isodium chloride solution infused into
the hematoma after 6 hours. The RSG group
received the RSG solution (0.5 mg dissolved in
0.1ml 0.9% sodium chloride solution) into the
hematoma region. In the MIS+RSG group, the
identical surgical procedures were performed to
evacuate the blood clot, followed by infusion
of the same amount of RSG solution into the
hematoma area immediately. All rabbits were
sacrificed on day 7 after the ICH models were
performed successfully. A repeated CT scan was
performed before the animals were sacrificed to
demonstrate the efficacy of the MIS.

m Medical treatment of the rabbits

The rabbits in each group received an
intramuscular injection of penicillin (400,000
U) to prevent infection, and they were fed as
usual until they were sacrificed. No other medical
treatment was performed.

= Brain tissue preparation

The rabbits were anesthetized by injection of
20% urethane (2ml/kg). The brain was extracted
and placed on ice. Using the needle track as the
center to prepare a coronal section and a sagittal
section, the brain tissue adjacent hematoma
was sliced and divided into four parts: anterior-
inner, anterior-outside, posterior-inner, and
posterior-outside. A total of 5 mm of brain tissue
surrounding the hematoma was collected from
each part mentioned previously. The anterior-
inner part and the anterior-outside part were
used for measure the protein expression of
occludin, ZO-1 via Real-time PCR, whereas the
posterior-inner part and posterior-outside parts
were used for testing the BBB permeability.

= Real-time PCR for occludin, ZO-1 mRNA
detection

Brain samples were extracted from the anterior-
inner part and the anterior-outside part of the
hematoma. A total of 5 mm of brain tissue
surrounding the hematoma was collected from
each part mentioned previously. Using electronic
balance weighed the brain samples (approximately
30 mg, with an accuracy of 0.1 mg). Then the
brain samples were pulverized, and the total
RNA was isolated using Trizol reagent. cDNA
was generated from total RNA by PrimeScript™
RT reagent Kit with gDNA Eraser. The
following primers for occludin, ZO-1, B-actin,
and the PCR protocol were used, B-actin-F:
5-GGAGATTACTGCCCTGGCTCCTA-3
and B-actin-R:
5-GACTCATCGTACTCCTGCTTGCTG-3’
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(Tm83.34°C,150bp), Occludin-F:
5’-TGAGCAGCAGCAGTAACTTTGAG-3’,
and Occludin-R:
5’-ATGGGCGGATACTCCCTGAT-3’
(Tm75.29°C,166bp). Z0-1-F:
5’-GTACGCTCAAGTAGGACAACCAG-3’,
and ZO-1-R:
5’-TCCGACATCATTTCCACCAG-3’
(Tm84.42°C, 169bp). Multi-target PCR was
performed by co-amplifying B-actin as an
internal standard. The reaction component
included 10 pl of SybrGreen qPCR Master
Mix, 0.5 pl of primer F, 0.5 ul of primer R,
7ul of ddH,0, and 2pl of cDNA. The reaction
was performed at 95°C for 2 minutes per cycle.
Each of the 45 cycles was 95°C for 10 seconds,
60°C (B-actin) and 60°C (occludin, ZO-1) for
30 seconds, and 68°C for 40 seconds. The AC
value was used to determine the relative quantity
of occludin mRNA and ZO-1 mRNA. The AC_
value reflected the difference between the value
of the sample mRNA expression and the B-actin
mRNA expression. The greater the AC, value,
the lesser the sample of mRNA.

= BBB permeability measurement

Experimental methods: EB was used as a tracer
to measure the BBB permeability. Two hours
before experiment, 2% EB (2ml/kg) solution was
injected into the ear vein. The brain tissue was
quickly removed 2hrs after the EB injection. The
perihematomal brain tissue was removed and
weighed on an electronic scale (with an accuracy
of 0.1 mg), then placed into a test tube with 4ml
of formamide. The tube was capped and placed
into a 54°C constant-temperature water bath for
24hrs to extract the EB from the brain tissues.
The tube was then centrifuged at 2,400rpm for
5 minutes. A spectrophotometer (A=632 nm)
was then used to measure the absorbance of
the supernatant and suck it out by a straw for
placement into a quartz cuvette. An ultraviolet
spectrophotometer was used to compare colors.
The light filter had a wavelength of 632 nm. The
absorbency was measured, and formamide was
used as a blank control.

Setup of the standard curve: EB (4 mg) was
placed into a volumetric flask and weighed
(with an accuracy of 0.1 mg). A total of 100ml
saline was added and stirred meanwhile. 0.3 ml
was removed from this solution and placed in
5.7ml of formamide to make the standard buffer
solution. A total of 3 ml of this solution was
diluted serially in tubes, each of which contained
3 ml of formamide. The amount of EB in each

of the seven tubes was 8pg/ml, 4pg/ml, 2pg/
ml, 1pg/ml, 0.5pg/ml, 0.25ug/ml, 0.125pg/ml.
The tubes were capped and placed into a 54°C
water bath for 24 hours. The mentioned method
above used to measure absorbance was then
used. Linear regression equations between the
absorbency and EB content were then created:
y=0.0053x+0.0608 (R=0.9833). The formamide
method was used to measure the EB content in
the brain tissue to judge the severity of BBB
damage. The EB content in brain tissue (pg/g
wet brain) = Bxformamide (ml)/ wet weight (g),
where B refers to the sample EB content (pg/ml)
from the linear regression equation according to
a standard curve.

m Statistical analysis

All data were analyzed using SPSS 19.0. Basic data
are expressed as the meansstandard deviation (X
+SD). ANOVA was used for comparisons among
groups. A repeated measures ANOVA was used
for comparisons across the entire time series.
When a difference was detected by ANOVA,
an LSD test was used for comparisons between
pairs of groups. A p value of less than 0.05 was
considered statistically significant. Statistical
analysis was performed in consultation with the
Department of Biostatistics of Guizhou Medical
University.

Results
= ICH model preparation

Following the infusion of blood into the basal
ganglia, the rabbits manifested with contralateral
hemiplegia and were unable to walk or crawl.
Brain CTs showed hyperdensity in the basal
ganglia (Figure 1), which demonstrated that
the ICH model in this study was successful.
The exactly ICH volume before management
should be around 0.3ml (similar to basal ganglia
hematoma 30ml in humans). Using the Tada
formula [r/6xlength (cm) xwidth (cm) x height
(cm)] to reckoned the hematoma volume before
MIS and after operation. One rabbit died due
to overdose of anesthetic agents in Sham group.
One rabbit died of intracranial infection in MIS
group. Two rabbits were unsuccessful in RSG
group. Two rabbits failed to the ICH model in
HM group, and two rabbits died with unclear
reasons in MIS+RSG group. These 8 rabbits
were excluded from the study. Forty two rabbits
were included in the experiments finally. There
were 9 rabbits in the Sham group, 8 in the HM
group, 9 in the MIS group, 8 in the RSG group,
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Figure 1: The changes of CT scan before and after MIS for ICH in rabbit.
A: The hyperdensity indicated the ICH; B: The ICH was evacuated via MIS

and 8 in the MIS+RSG group. All of the rabbits
that tolerated surgery and displayed successful
ICH, they survived until the experiment was
terminated.

m Changes in perihematomal occludin
mRNA and ZO-1mRNA levels

The occludin and ZO-1mRNA significantly
decreased in each group compared to the Sham
group, which suggested that BBB was severely
damaged after ICH. The occludin and ZO-1mR-
NA were increased in the MIS group, the RSG
group and the MIS+RSG group when compared
to the HM group (the F value was 443.924,
381.929 respectively, p<0.05). The MIS group
was more than the RSG group. The MIS+RSG
group displayed remarkable results compared to
the MIS group and the RSG group. These results
suggested that performing the MIS procedure
alone to evacuate the hematoma and using RSG
medication alone increased the expression of T]
protein occludin and ZO-1. The MIS was supe-
rior to the RSG therapy alone. The MIS+RSG
procedure was more effective to treatment the

BBB damage after ICH (Figure 2).
m Changes in BBB permeability

The perihematomal EB content significantly
increased in each group compared to the Sham
group. The perihematomal EB content were
increased in the HM group when compared to
the other groups, which indicated that the ICH
disrupted BBB permeability. The perihematomal
EB content significantly decreased in the RSG
group, the MIS group and the MIS+RSG
group compared to the HM group (the F value

was 2237.516, p<0.05). The MIS+RSG group
displayed remarkable results compared to the
MIS group and the RSG group. These results
suggested that performing the MIS procedure
alone to evacuate the intracerebral hematoma
and using RSG medication alone decreased BBB
disruption, the MIS+RSG procedure was more
effective to reduce BBB permeability (Figure 3).

Discussions

ICH is a public-health problem worldwide
and is associated with a poor prognosis that is
characterized by a high mortality rate and severe
neurological dysfunction [31]. In recentyears, the
minimally invasive surgery has been emerging as
an alternative for craniotomy due to its improved
survival rate and reduced complication rate [32].
Several clinical and experimental studies have
demonstrated minimally invasive techniques to
be effective for the treatment of ICH [29,30,32].
However, although MIS can alleviate the
hematoma to a large extent by reducing its
physical size and the release of neurotoxic
substances, it cannot remove the erythrocytes
and cytotoxic substances that extravasate into the
brain adjacent to the hematoma. Therefore, the
role of MIS for reducing secondary brain damage
is limited.

The secondary brain damage mainly includes
brain edema, BBB destruction and neuron
death, may occur in the perihematomal region
after ICH. Increasing evidences show that
inflammation is the important factor for ICH-
induced secondary brain damage. Hemoglobin,
heme, and iron are released after red blood cell
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Figure 2: Changes of Occludin and ZO-1 mRNA expression among groups.

Note: The occludin and ZO-1mRNA were increased in the MIS group, the RSG group and the MIS+RSG group when compared to the HM group. The MIS+RSG
group displayed remarkable increases compared to the MIS group and the RSG group.
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Figure 3: Changes of BBB permeability among groups.

Note: The perihematomal EB content significantly decreased in the MIS group, the RSG group and the MIS+RSG group compared to the HM group. The
MIS+RSG group displayed remarkable decreases compared to the MIS group and the RSG group.

lysis, detrimental mediators are released by the
activated microglia/macrophages, which aggravates
ICH-induced inflammatory injury [33]. As a result,
performing the MIS to remove the ICH followed
by medications to prevent secondary brain damages
may be another optimal choice.

Our previous studies have illustrated that
MIS for ICH alleviation could reduce the

permeability of BBB, but the secondary
brain damage remained serious [34,35]. BBB
disruption is a key pathophysiological process of
ICH [15]. The expressions of occludin and ZO-1
are closely associated with the degree of BBB
damage, and are indicator of BBB destruction
[20]. Angiogenic cerebral edema induced by
BBB disruption is associated with the clinical
prognosis in ICH patients [21,22].
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RSG is an agonist of PPARy which may
represent a potential treatment strategy for the
ICH patients. Using RSG could down regulate
MMP-9 expression by upregulating PPARy
expression [36]. It is reasonable to hypothesize
that performing MIS for hematoma evacuation
following ICH with infusion of RSG into the
hematoma region could be more effective for
treating ICH-induced secondary brain injury.
Our present study supported this hypothesis
[27].

The rabbits received minimally invasive
procedures at 6 hours after the ICH model
was established successfully. That is to say, the
time interval between inducement of ICH and
evacuation of hematoma is Ohrs. The result
came from our previously published studies
[27,29,30]. The pathophysiological time window
of MIS for hematoma evacuation might be 6-12
hours after hemorrhage [35]. RSG was infused
into the hematoma regions at Ghr after the
ICH model was established in RSG group, and
infused into the hematoma regions after the ICH
was removed immediately in MIS+RSG group.

Attempts to evaluate the role of MIS combined
with urokinase infusion therapy began with
Sun H’s trial in 2010, which showed that the
MIS combined with urokinase infusion therapy
could reduce the rate of rebleeding after surgery
and fatality of patients with basal ganglion
hemorrhage by 90 days. It was suggested as a safe
and practical technique for the treatment of ICH
[8]. Tan Q et al. reported that in comparison
with  tissue-type
urokinase-type plasminogen activator (uPA)

plasminogen  activator,
better ameliorated brain edema and promoted
an improved outcome after ICH, uPA therapy
more effectively upregulated BBB tight junction
protein expression [30].

The formation of blood coagulation after ICH
includes three states: liquid, solid and semisolid.
Liquid and semisolid hemorrhage was 30-50%
of total hematoma volume [36]. In our study,
although MIS can effectively reduce liquid
and semisolid blood clot,only use of urokinase
infusion therapy can dissolve solid blood clot
and completely remove the whole blood clot. In
addition, clot removal using MIS combing with
the infusion of urokinase as soon as possible can
attenuate the BBB disruption via clean out the
erythrocytes and cytotoxic substances.

In the HM group, the hematoma-occupying
effects  persisted and the neurotoxic substances
extravasated into the perihematomal brain, which

manifested as the decreased of the occludin and
ZO-1 expressions and severe BBB disruption
compared to the Sham group.

In the MIS group, however, the occupying
effects of the hematoma were removed, and
the levels of neurotoxic substances, such as
MMP-9, were reduced. As a result, the levels
of occludin and ZO-1 in the MIS group were
significantly increased compared with the HM
group. Accordingly, the BBB permeability was
decreased significantly. The RSG group showed
a great increase in occludin and ZO-1 levels and
a decrease in EB content, suggesting that RSG
used alone reduced secondary brain damage
following ICH. Our previously studies have
demonstrated that performing MIS to evacuate
the ICH reduced MMP-9 levels and secondary
brain damage [34,35]. RSG represents a
potential target for treatment strategies for ICH
[10]. MIS procedures and the RSG used alone
reduced BBB disruption after ICH, but the
effect was limited.

In the MIS+RSG group, the expressions of
occludin and ZO-1 mRNA were increased and
the EB content decreased significantly compared
to the other groups, showing that following
the MIS procedure with RSG could be more
efficacious for reducing secondary brain damage.
In current study, we achieved favorable results
by combining MIS with the infusion of RSG.
This strategy was more beneficial than the
current method used for the clinical treatment
of ICH. In our study, we used RSG solution
(0.5mg dissolved in 0.1ml 0.9% sodium chloride
solution) into the hematoma region and achieved
favorable results on reducing BBB permeability.
It would be better to do the doses response
effects of RSG on BBB is our future tasks. More
detailed study is required to demonstrate the
different doses (such as 0.4mg, 0.3mg, 0.2mg,
0.1mg and so on) of using RSG to reduce BBB
permeability. In future studies, the effect of RSG
on BBB permeability should be confirmed using
the PPARY selective antagonist GW9662.

In this study, the ICH model was established by
intracerebral injection of autologous blood in
rabbits, and the effects of different treatments
on the expression of Occludin and ZO-1 in the
brain tissue around the hematoma were observed
systematically, some significant results were
obtained. However, there are some limitations in
our research. Firstly, the number of samples is
small, to indicate that MIS combined with RSG
therapy has a good effect on secondary brain
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injury after ICH, an experiment with large
samples are required.. Secondly, it would be
better to do the doses response effects of RSG
on BBB. In future studies, we will focus on the
concentration of RSG perfusion. To explore the
possible mechanism of the BBB destruction
after ICH, we are going to conduct a more
detailed study in the near future. Our goals
are expected to provide the new strategy for
ICH treatment. To reduce the secondary brain
damage after ICH is a challenge task of the

translational research.
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