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Objective: To investigate the role of heme oxygenase-1 (HO-1) in the regulation of inflammatory
reaction, neuronal cell proliferation and apoptosis in rats after intracerebral hemorrhage (ICH).
Methods: Thirty-six adult Sprague Dawley (SD) male rats were randomly divided into sham
operation, ICH and zinc protoporphyrin (ZPP) group. Rats (except for the sham operation group)
were given 50 UL stereotactic injection of autologous blood from the femoral artery into the caudate
nucleus, to establish an [CH model. In addition, rats in the ZPP group were given 10 mg/kg intrap-
eritoneal injection of ZPP. At day 3 postoperative, neurobehavioral changes and brain water content
were evaluated, brain tissue HO-1 expression was detected with immunohistochemistry and reverse
transcription polymerase chain reaction (RT-PCR), brain tissue apoptosis was evaluated with TUNEL
method, Caspase 3, Caspase 8 and Caspase 9 activity were detected with colorimetric method, level of
TNF-a, IL-1B, IL-6 and IL-8 were measured with the enzyme-linked immunosorbent assay (ELISA),
while Bel-2, Bax, p-NF-xB p65 and p-IxBo. protein expression were detected with Western blot.
Results: ICH group compared to sham operation: HO-1 positive rate and mRNA expression were
increased, neurological deficit score and cell apoptosis rate were increased, Caspase 3, Caspase 8
and Caspase 9 activity were increased, level of TNF-o, IL-1[, IL-6 and IL-8 were increased, Bcl-2
expression was downregulated, Bax, p-NF-kB p65 and p-IkBo. expression were upregulated. The
differences were statistically significant (P<<0.01). ZPP group compared to ICH: HO-1 positive
rate and mRNA expression were decreased, neurological deficit score and cell apoptosis rate
were decreased, Caspase 3, Caspase 8, Caspase 9 activity were decreased, level of TNF-o., IL-13,
IL-6 and IL-8 were decreased, Bcl-2 expression was upregulated, Bax, p-NF-xB p65 and p-IxkBo.
expression were downregulated, and the differences were statistically significant (P<<0.01).
Conclusion: HO-1 inhibitor, ZPP does have a protective effect on ICH rats. This might be due
to its inhibition to the inflammatory reaction and neuronal cell apoptosis.
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Introduction

Intracerebral hemorrhage (ICH) is one of the important subtypes of stroke. It is a com-
mon disease of the nervous system caused by rupture of the cerebral arteries and release
of blood into the brain parenchyma. Its disability and mortality rate remains high, and
has a serious impact on human health and quality of life.!* Studies showed that ICH
accounts for 15% of stroke in the West, and 35% in Asia, and the prognosis is poor.’
At present, the main management techniques for ICH include reducing intracranial
pressure, use of neurotrophic substances and surgical evacuation of hematoma. However,
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the specificity is not high.* The reason might be that compared
to the injury caused by hematoma due to mass occupying effect
and mechanical compression, the effect of secondary injury
due to inflammatory reaction and apoptosis particularly free
radical cascade and release of thrombin to the prognosis of
ICH is larger.>”

Studies showed that formation of cerebral edema at early
stage post ICH is mainly related to thrombin release, while
at late stage (3d) it is mainly related to heme degradation
products, and this period is closely related to the recovery
of neurological function.®* Degradation of heme is mainly
mediated by heme oxygenase (HO). HO mainly consists of
three isoforms, HO-1, HO-2 and HO-3, and among these
HO-1 is the main rate-limiting enzyme. Under normal physi-
ological conditions, HO-1 expression in brain is very low
or none at all. It increases significantly during ICH process,
usually peaks at stage 3d—7d, post ICH. Use of HO-1 inhibi-
tor in ICH does have significant therapeutic effect. However,
reports of specific mechanism of action is scarce, and mainly
focused on the oxidative stress reaction process.®!* HO-1
is closely related to oxidative stress reaction, inflammatory
reaction and process of cell apoptosis, etc.''? suggesting that
it may also have its influence via its effects on the inflamma-
tory reaction and process of cell apoptosis after ICH.

Thus, in this study, replicate rat model of ICH was
established and intervention of HO-1 inhibitor, zinc pro-
toporphyrin (ZPP) were used to evaluate its effect on the
inflammatory reaction, apoptosis changes and its related
mechanisms in ICH rats.

Materials and methods

Animal model

Thirty-six clean and healthy, adult Sprague Dawley (SD) male
rats, weighing 200+20 g, purchased from Shanghai SLAC
Laboratory Animals Corporation Limited, Shanghai, People’s
Republic of China (Certificate: SCXK [Shanghai] 2012-0002)
were used. Rats were kept at indoor temperature which was con-
trolled at 23°C+2°C and were free to take in food and water. All
protocols involving animals were approved by the Institutional
Review Board of the People's Hospital of Guangming New
District. All experiments were performed in accordance with the
National Institutes of Health guide for the care and use of Labo-
ratory animals (NIH Publications No. 8023, revised 1978).

Main reagents and instruments

ZPP 50 mg/vial was obtained from Sigma-Aldrich Co., St Louis,
MO, USA. Bicinchoninic acid (BCA) protein assay kit, mouse
anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
monoclonal antibody and horseradish peroxidase labeled goat

anti-rabbit immunoglobulin G (IgG) (H + L) were purchased
from Beyotime Institute of Biotechnology, Haimen, Jiangsu,
People’s Republic of China. Rabbit anti-Bcl-2, Bax, NF-xB p65,
p-NF-xB p65 and IxkBa, p-IkBo monoclonal antibodies were
from Cell Signaling Technology, Beverly, MA, USA. Rabbit
anti-HO-1 polyclonal antibody were from Abcam Corporation,
Cambridge, MA, USA. TRIzol assay kit and one step reverse
transcription polymerase chain reaction (RT-PCR) kit were
from Thermo Fisher Scientific, Waltham, MA, USA. Caspase
3, Caspase 8, Caspase 9 activity detection kit were from Nanjing
KeyGen Biotechnology Corporation Limited, Nanjing, People’s
Republic of China. TNF-o, IL-1J, IL-6 and IL-8 ELISA assay
kit were from R&D System, Minneapolis, MN, USA. TUNEL
assay kit were from Wuhan Boster Biotechnology Corporation
Limited, Wuhan, People’s Republic of China. Electrophoresis,
electrophoresis transfer and gel imaging system were from Bio-
Rad Laboratories, Hercules, CA, USA. Microplate reader were
from TECAN Trading AG, Miannedorf, Switzerland.

Grouping and drug administration

Thirty-six rats were randomly divided into sham operation,
ICH model and ZPP group, with 12 rats in each group.
The latter two groups were replicate models of ICH. At
30 minutes postoperative, rats in the ZPP group were injected
with 10 mg/kg ZPP intraperitoneally, while the other two
groups were given the same amount of normal saline. '

Establishment of ICH model
After being anesthetized with 10% chloral hydrate, rats were
placed on operating table in a supine position, and 50 puL of
autologous blood was extracted from the femoral artery via a
microsyringe. At the incisor, 2.3 mm below the ear tip, 0.2 mm
from the bregma and 3.0 mm to the right of the midline, a
hole with a diameter of 1.00 mm was made; 50 UL of the
autologous blood was injected perpendicularly to the caudate
nucleus of the rats via a microsyringe, at a rate of 20 uL/min.
Needle remained inserted for 10 minutes after injection.
For the sham operation group, 50 UL of physiological
saline was injected instead, while the rest of the steps were
similar to the ICH model.'*!3!4

Neurological behavioral score

At postoperative day 3, neurological function of the rats in
each group was evaluated with Zea Longa 5-point scoring
system: 0 point, no symptom of nerve injury; 1 point, forepaw
unable to be fully extended; 2 points, paralysis of limb on
one side, emergence of rear-end phenomena; 3 points, tend
to collapse upon walking, unable to stand; 4 point, unable to
walk spontaneously, loss of consciousness.'*!*
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Detection of the brain water content

Rats were sacrificed at postoperative day 3. Brain tissue from
the cerebral hemorrhage area was taken and residual blood of
the specimen was cleaned with physiological saline. Excess
water was dried with towel. Specimen was weighed with
electronic balance, placed in 100°C oven for 24 hours and
reweighed. Brain water content was calculated according to
the wet and dry weight method.

Wet weight — Dry weight
Wet weight

Brain water content = x100%.15

Detection of brain tissue HO-1 mRNA
expression with RT-PCR

Total RNA was extracted from tissues using TRIzol reagent
(Beijing ComWin Biotechnology Corporation Limited, Bei-
jing, People’s Republic of China). Purity of RNA was evalu-
ated with microspectrophotometer (Thermo Fisher Scientific).
RNA was subjected to one step reverse transcription. Quanti-
tative PCR was performed. The reverse transcription system
was: total RNA template 2 uL (1 pg), dNTP mixture 2 pL,
MgCl, 2 uL, 1-ethyl-3,3'-dimethylamino-propyl- carbodiimide
(EDPC) and added with distilled water up to 25 uL. Reaction
parameter was: 95°C denaturation for 4 minutes, 95°C dena-
turation for 40 seconds, 58°C annealing for 30 seconds, 72°C
extension for 30 seconds, for 40 cycles. HO-1 upstream primer
sequences: 5-CTATCGTGCTCGCATGAAC-3’, downstream
primer sequences: 5-CAGCTCCTCAAACAGCTCAA-3,
length 118 bp; GAPDH upstream primer sequences:
5'-ACTCCCATTCCTCCACCTTT-3’, downstream
primer sequences: 5-TTACTCCTTGGAGGCCATGT-3’,
length 143 bp.

Detection of brain tissue HO-1 positive

expression with immunohistochemistry

Brain tissue specimen from the cerebral hemorrhage area was
fixed in 10% formaldehyde solution for 24 hours, washed with
running water, and paraffin-embedded. This was followed by
3-5 um serial slicing, xylene dewaxing, and 70%, 75%, 80%,
85% and 95% gradient alcohol dehydration. Specimen was
then incubated with 3% hydrogen peroxide for 10 minutes
and washed with phosphate buffered saline (PBS). This was
followed by antigen retrieval, washed with PBS and blocked
with goat antiserum for 1 hour. Specimen was incubated with
primary antibodies (dilution 1:200) at 4°C overnight and
washed with PBS, then with secondary antibodies (dilution
1:500) at room temperature and washed with PBS. This was
followed by 3,3’-Diaminobenzidine (DAB) staining (Nanjing
KeyGen Biotechnology Corporation Limited) for 20 seconds,

rinsed with tap water, and restained for 1 minute, dehydrated,
cleared and then mounted. PBS was used as negative control
for primary antibodies. Cell cytoplasm or membrane which
stained brown or yellowish dark brown under inverted
microscope (Olympus Corporation, Shinjuku-ku, Tokyo,
Japan) was counted as positive. Average optical density was
measured with ImagelJ software (National Institutes of Health,
Bethesda, MD, USA) for positive cell rate.

Detection of hippocampus apoptosis with
TUNEL method

Brain tissue specimen from the cerebral hemorrhage area was
immersed in 10% neutral formalin for 24 hours, paraffin-
embedded, sliced and washed with PBS. This was followed
by cell permeability with cell permeable liquid Triton X
(Shanghai Solarbio Bioscience & Technology Corporation
Limited, Shanghai, People’s Republic of China) and washed
with PBS. TUNEL reaction solution was added and incuba-
tion was done in dark for 60 minutes at room temperature.
Then, specimen was washed with PBS and stained with
DAB (Nanjing KeyGen Biotechnology Corporation Limited)
for 30 seconds, mounted and examined under microscope.
Apoptosis was observed under light microscopy (200 fold).
Apoptotic cells appeared yellowish brown.

Number of apoptotic cells
Total cells

Apoptosis index (Al) = x100%.

Detection of Caspase 3, Caspase 8 and
Caspase 9 activity with colorimetric
method

A portion of brain tissue from the cerebral hemorrhage area
was homogenized. Caspase 3, Caspase 8 and Caspase 9 activ-
ity were detected according to the kit instructions.

Determination of TNF-a, IL-13, IL-6

and IL-8 level with ELISA

A portion of brain tissue from the cerebral hemorrhage area
was homogenized. The levels of TNF-a, IL-1f3, IL-6 and IL-8
were measured according to the kit instructions.

Detection of brain tissue NF-«xB signaling
pathway related protein expression with
Western blot

A portion of brain tissue from the cerebral hemorrhage area
was homogenized. Radioimmunoprecipitation assay (RIPA;
Beijing ComWin Biotechnology Corporation Limited), a
strong lysis buffer was added. Cells were lysed and centri-
fuged at 10,000 rpm for 10 minutes. Protein was harvested
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and protein concentration was detected with BCA assay Kkit.
This was followed by protein denaturation, sample load-
ing, sodium dodecyl sulfate gel electrophoresis and wet
membrane transfer. Specimen was incubated with primary
antibodies (rabbit anti-Bcl-2, Bax, NF-xB p65, p-NF-kB p65,
IkBo. and p-IxkBow monoclonal antibodies, dilution 1:100)
at 4°C overnight, and secondary antibodies (horseradish
peroxidase labeled goat anti-rabbit IgG (H + L), dilution
1:200) at room temperature for 1-2 hours. This was followed
by exposure in gel imaging system. Quantity One software
(Bio-Rad Corporation) was used to analyze the gray scale
value of each antibody strip.

Data analysis

All data were analyzed with SPSS 21.0 statistical software
package (IBM, Armonk, NY, USA). Results were presented
as mean and standard deviations (x=s). Significant difference
between two groups were determined with Student’s #-test.
P<0.05 was taken as statistically significant.

Results

Effect of ZPP on neurological deficit
score in ICH rats

Compared with the sham operation group, neurological deficit
score in the ICH group was significantly increased (P<<0.01);
while compared with ICH group, neurological deficit score in the
ZPP group was significantly decreased (P<<0.01) (Table 1).

Effect of ZPP on brain edema in ICH rats
Compared with the sham operation group, brain water content
in the ICH group was significantly increased (P<<0.01); while
compared with the ICH group, brain water content in the ZPP
group was significantly decreased (P<<0.01) (Table 1).

Effect of ZPP on brain tissue HO- |

expression in ICH rats
Compared with the sham operation group, HO-1 positive
expression in the ICH group was significantly increased

Table | Effect of ZPP on neurological deficit score and brain
edema in ICH rats (x+s)

Group Neurological Brain water
behavior score content (%)
Sham operation 0.00+0.00 75.1917.08
ICH 2.68+0.26* 79.6516.48*
ZPP 1.43+0.14% 76.32+7.63%

Notes: **P<<0.0] compared with sham operation group; #P<<0.01 compared with
ICH group. Number of rats, n=12 in each group. Data presented as mean + standard
deviation.

Abbreviations: ICH, intracerebral hemorrhage; ZPP, zinc protoporphyrin.

(P<<0.01); while compared with the ICH group, HO-1 posi-
tive expression in the ZPP group was significantly decreased
(P<0.01) (Figure 1A and C).

Compared with the sham operation group, HO-1 mRNA
expression in the ICH group was significantly increased
(P<<0.01); while compared with the ICH group, HO-1 mRNA
expression in the ZPP group was significantly decreased
(P<0.01) (Figure 1B and C).

Effect of ZPP on brain cell tissue
apoptosis in ICH rats

Compared with the sham operation group, brain cell tissue
apoptosis rate in the ICH group was significantly increased,
(P<<0.01); while compared with the ICH group, brain cell
tissue apoptosis rate in the ZPP group was significantly
decreased (P<<0.01) (Figure 2A and B).

Effect of ZPP on brain tissue Caspase 3,
Caspase 8 and Caspase 9 activity in

ICH rats

Compared with the sham operation group, brain tissue
Caspase 3, Caspase 8 and Caspase 9 activity in ICH group
was significantly increased (P<<0.01); while compared
with the ICH group, brain tissue Caspase 3, Caspase §
and Caspase 9 activity in the ZPP group was significantly
decreased (P<<0.01) (Table 2).

Effect of ZPP on brain tissue

inflammatory factors in ICH rats

Compared with the sham operation group, the level of TNF-a,
IL-1B, IL-6 and IL-8 in the ICH group was significantly
increased (P<<0.01); while compared with the ICH group,
the level of TNF-q, IL-1p, IL-6 and IL-8 in the ZPP group
was significantly decreased (P<<0.01) (Table 3).

Effect of ZPP on brain tissue Bax and

Bcl-2 protein expression in ICH rats
Compared with the sham operation group, Bax expression
was upregulated and Bcl-2 expression was downregulated
in the ICH group (P<<0.01); while compared with the
ICH group, Bax expression was downregulated and Bcl-2
expression was upregulated in the ZPP group (P<<0.01)
(Figure 3A and B).

Effect of ZPP on brain tissue NF-kB
signaling pathway in ICH rats

Compared with the sham operation group, the level of
phosphorylated NF-xB p65 and IxBo in the ICH group
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Figure | Effect of ZPP on brain tissue HO-| expression in ICH rats. (A) HO-1 ex

pression in rats detected with immunohistochemistry (magnification x200). Number of

rats, n=12 in each group. (B) HO-I mRNA expression in rats detected with RT-PCR number of rats, n=12 in each group. (C) Histogram of positive expression rate and

relative HO-1 mRNA expression in rats. **P<<0.0] compared with sham operation
Abbreviations: GADPH, glyceraldehyde 3-phosphate dehydrogenase; HO-I, heme
chain reaction; ZPP, zinc protoporphyrin.

was significantly increased (P<<0.01); while compared with
the ICH group, the level of phosphorylated NF-xB p65 and
IxBa. in the ZPP group was significantly decreased (P<<0.01)
(Figure 4A and B).

Discussion

Cerebral edema and neuronal cell apoptosis could occur
3 hours after ICH. Cerebral edema that occurs at 24 hours is
mainly related to thrombin products. Delayed cerebral edema
that occurs after day 3 is mainly related to heme degradation
products and this stage is the most critical time for long-term
recovery of the neurological function after ICH. Thus, study
of the key factors that affect the degradation of heme at this
stage would have significant benefit for the recovery of neu-
rological function and relief of cerebral edema.®’

group, #P<0.01 compared with ICH group. Number of rats, n=2 in each group.
oxygenase-|; ICH, intracerebral hemorrhage; RT-PCR, reverse transcription polymerase

Studies have shown that HO is the most important enzyme
that affects the catabolism of heme, and among these HO-1
is the most critical. HO catalyzes heme into biliverdin, Fe?*
and carbon monoxide, while biliverdin reductase reduces
biliverdin to bilirubin. HO-1 is an inducible enzyme, found
in animal liver microsomes by Tenhunen et al in 1968.'
There are about 233 amino acids in human HO-1. Gene
HO-1 is located in human chromosome 22q12. It consists
of introns, exons and operon. Operon consists of heat shock
element, AP-1, NF-xB binding region and metal response
element. HO-1 can be expressed in heart, brain, lung, intes-
tine, liver, kidney and other tissues.!"!? Under normal physi-
ological conditions, expression of HO-1 in brain tissue is
very low or none at all. It increases rapidly in ICH and other
brain injuries.
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In a study done by Li et al'” on the level of HO-1 in plasma
and total bilirubin in 40 cases of ICH patients and 40 healthy
controls, results showed that levels of HO-1 and total biliru-
bin were significantly higher in the ICH group compared to
healthy controls. Multiple regression analysis showed that
HO-1 and total bilirubin is closely related to ICH patients.

A study by Liu et al'® showed high level expression of IL-1,
TNF-0, HO-1 and CD163 in ICH adult rats at 624 hours post
ICH. The study also showed expression peaks at 72 hours, and
at the same time pathological changes were significant and
the apoptosis rate reached its peak. After 72 hours, the above
changes weakened, but still higher than the normal group. Study
by Wang et al'® showed that overexpression of HO-1 has dam-
aging effects on ICH brain injury induced by ferrous citrate.

Table 2 Effect of ZPP on brain tissue Caspase 3, Caspase 8 and
Caspase 9 activity in ICH rats (xts)

Study by Zhang et al*® showed that high expression in
early stage of ICH induced brain edema, inflammatory reac-
tion, oxidative stress injury, increased MMP2 and MMP9
activity and accumulation of Fe ion in adult rats, while over-
expression of HO-1 over a long period resulting from late
stage of ICH led to absorption of hematoma, angiogenesis
and recovery of part of the neurological function.

Study by Wang et al’ also showed increased expression
in adult rats after ICH. HO-1 expression peaks at days 3 to 7.
At days 1 to 3, the amount of HO-1 expression was closely
related to superoxide dismutase (SOD) activity, while at days
3 to 7 HO-1 expression was closely related with malondialde-
hyde (MDA) level, suggesting that HO-1 has anti- as well as
pro-oxidation effects in ICH. In the early stage of ICH, HO-1

Table 3 Effect of ZPP on the level of brain tissue inflammatory
factors in ICH rats (xts)

Group Caspase 3 Caspase 8 Caspase 9 Group TNF-a IL-18 IL-6 IL-8
(U/mg) (U/mg) (U/mg) (pg/mL)  (pg/mL)  (pg/mL)  (pg/mL)
Sham operation 0.87+0.09 1.2940.13 3.21+0.32 Sham operation 4.17+0.42  1.50+0.14 1.43+0.13 1.68+0.16
ICH 7.5520.74** 6.5510.66** 12.44+1.40%  ICH 32.45£3.2%% 30.73+3.03%* 24.55+2.46™* |5.43+].54*
ZPP 2.424+0.23% 2.89+0.90% 4.62+0.45% ZPP 8.67+0.89% 549+0.35% 6.1£0.63*  3.67+0.37%

Notes: **P<<0.0] compared with sham operation group; #P<<0.01 compared with
ICH group number of rats, n=12 in each group. Data presented as mean + standard
deviation.

Abbreviations: ICH, intracerebral hemorrhage; ZPP, zinc protoporphyrin.

Notes: **P<<0.01 compared with sham operation group; #P<<0.01 compared with
ICH group. Number of rats, n=12 in each group. Data presented as mean = standard
deviation.

Abbreviations: ICH, intracerebral hemorrhage; ZPP, zinc protoporphyrin.
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Figure 3 Effect of ZPP on brain tissue Bax and Bcl-2 protein expression in ICH rats.
(A) Brain tissue Bax and Bcl-2 protein expression in rats. Number of rats, n=12 in
each group. (B) Histogram of brain tissue Bax and Bcl-2 relative protein expression
in rats. **P<<0.01 compared with sham operation group; #P<0.0l compared with
ICH group. Number of rats, n=12 in each group.

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; ICH, intrac-
erebral hemorrhage; ZPP, zinc protoporphyrin.

has a protective effect, while in the late stage, overexpression
of HO-1 has injury effect. Thus, intervention with HO-1 as
agent inducer or inhibitor in the treatment of ICH should be
applied at different periods accordingly and day 3 post ICH is
the cut-off point for HO-1 in order to take effect as an inducer
or inhibitor. Therefore, in our study, brain tissue of the adult
rats was examined at day 3 post ICH for its various activity
changes, to evaluate the effect of HO-1 in ICH.

Firstly, our study is designed according to the stereotactic
technique reported.'®!3!* Fifty microliters of autologous blood
from the femoral artery was injected into the caudate nucleus
of the adult rats to establish an ICH model. At postoperative
30 minutes, ICH rats were treated with 10 mg/kg ZPP and
at postoperative day 3, rats were sacrificed and parameters
were evaluated. Results showed that HO-1 positive rate and
mRNA expression of rats in the ICH group were signifi-
cantly increased, which is consistent with the study done by
Wang et al,? Li et al'” and Liu et al,'® while ZPP significantly
reduced brain tissue HO-1 expression in post ICH rats. Our
study also showed that ZPP as HO-1 inhibitor could signifi-
cantly reduce the neurological function deficit score and brain
water content in ICH rats, suggesting that overexpression of
HO-1 at day 3 post ICH has an inhibitory effect on the recov-
ery of neurological function and relief of brain edema.
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Figure 4 Effect of ZPP on brain tissue NF-kB signaling pathway in ICH rats. (A)
Expression of brain tissue NF-xB p65, IkBo, and phosphorylated NF-«B pé5, IxBo
in rats. Number of rats, n=12 in each group. (B) Histogram of brain tissue NF-
KB p65, IkBo. and phosphorylated NF-xB pé5, IkBo. relative protein expression in
rats. **P<<0.0] compared with sham operation group; #P<<0.0| compared with ICH
group. Number of rats, n=12 in each group.

Abbreviations: ICH, intracerebral hemorrhage; ZPP, zinc protoporphyrin.

Inflammatory reaction and cell apoptosis importance has
increased in the ICH process, which leads to cerebral edema
and secondary brain injury.?!>> Activation of neutrophils,
macrophages and microglia enhances secretion large amount
of inflammatory factors, such as TNF-o, IL-1f, IL-6 and
IL-8, etc. which further aggravates brain nerve and second-
ary brain tissue injury.? Our study showed that the levels
of TNF-q, IL-1B, IL-6 and IL-8 in the brain tissue were
significantly increased after ICH, while HO-1 inhibitor, ZPP
could significantly reduce the level of the above inflamma-
tory factors, suggesting that inhibition of HO-1 expression,
can to a certain extent, could inhibit post ICH inflammatory
reactions and its links to neurological injury.

We further evaluated the effect of ZPP on ICH brain cell
apoptosis with TUNEL method, and the results showed that
ZPP could significantly reduce post ICH brain cell apoptosis.
Brain cell apoptosis is an active and orderly natural process
form of death, the occurrence of which might be related to the
imbalance between the antiapoptotic and proapoptotic gene
expression in the tissues.”*? Among these, Bcl-2 family is
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currently the most widely studied apoptosis regulating gene
family. Bcl-2 is the most common antiapoptosis gene, which
can form heterodimer with Bax proapoptotic gene, or Bax
itself can form dimer, and can regulate cell apoptosis.?® Under
normal condition, Caspase is present as inactive zymogen
in cells. When stimulated by the upstream apoptotic signal,
the initiation factor of Caspase (Caspase 8 and Caspase 9)
become activated after undergoing self-cleaving or being
cleaved by other kinases, and transmit apoptotic signaling
cascade which is eventually delivered to the Caspase family
execution factor, Caspase 3 and induced cell apoptosis.?”?
Thus, in our study, Western blot and ELISA were used to
detect Bax and Bcl-2 protein expression, Caspase 3, Caspase 8
and Caspase 9 activity in the brain tissue of each group of
rats respectively. Results showed that ZPP could significantly
upregulate Bel-2 expression, downregulate Bax expression
and reduce Caspase 3, Caspase 8 and Caspase 9 activity,
suggesting that it inhibits the expression of HO-1, regulates
the expression of apoptosis related protein and finally inhibits
the apoptosis of brain tissue in post ICH rats.

Inflammatory reactions and cell apoptosis are regulated
by various signaling pathway. Among these, NF-xB sig-
naling pathway is the most frequently studied.?>° NF-xB
belongs to the family of Rel protein, which comprises of two
subunits, pS0 and p65. In the resting state, NF-xB and IxkBa
upstream signaling protein form complex in the cytoplasm.
Under stimulation of the apoptotic signal or inflammatory
factors, IkB degrades after phosphorylation and separates
with NF-kB p65. NF-xB p65 enters into nucleus, phospho-
rylates at serine 536 site, further regulates the expression of
its target proteins such as Bax, Bcl-2, Caspase 3, TNF-q,
IL-1P and IL-6, and mediates the apoptosis and inflamma-
tory reaction.?*

Meanwhile, a study by Yin et al'® showed overexpression
of HO-1, and upregulation of NF-xB and TNF-a expression
in ICH adult rats, could be inhibited after being treated with
HO-1 inhibitor ZPP, suggesting that HO-1 might inhibit post
ICH inflammatory reactions through the regulation of NF-xB
and TNF-o expression.

Studies by Lee et al,*! Seo et al*> showed that HO-1 can
mediate the inflammatory response of RAW 264.7 cells
induced by lipopolysaccharide (LPS) via the regulation of
NF-xB signaling pathway.

A study by Liu et al** showed that LPS stimulates
RAW264.7 macrophages to produce inflammatory reaction
and release of inflammatory factors such as inducible nitric
oxide synthase (iNOS) and nitric oxide (NO): These changes
could be inhibited by administering HO-1 siRNA or PI3K

inhibitor LY294002, and these are related to the inhibition of
NF-xB activity. This suggested that the expression of HO-1
is closely related to the NF-xB signaling pathway. Thus, in
this study, we continue to explore the effect of HO-1 inhibitor
ZPP on the level of phosphorylated NF-kB p65 and IxBa
in the brain tissue of ICH rats, and our results showed that
ZPP could significantly reduce the level of phosphorylated
NF-xB p65 and IxBo, suggesting that inhibition of HO-1
expression and further suppression of the NF-xB signaling
pathway could significantly inhibit brain cell tissue apoptosis
and inflammatory reaction in post ICH rats.

Conclusion

In summary, brain tissue HO-1 expression increased in
day 3 post ICH rats. Administering of HO-1 inhibitor ZPP
could significantly inhibit brain tissue apoptosis and inflam-
matory reaction in post ICH rats, and this is closely related
to its inhibition of TNF-a, IL-1p, IL-6 and IL-8 inflamma-
tory factors secretion and the regulation of cell apoptosis
related protein expression, probably via the NF-kB signal-
ing pathway.
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