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Abstract: Previous studies indicate that the Nrf2-ARE signaling pathway plays a neruo-protective role in glia cell,
however, the mechanism was also elusive. This study aims to explore the inhibitive function of all-trans-retinoic
(ATRA) on Nrf2-ARE pathway in intracerebral hemorrhage (ICH), and investigate the mechanism. In this study, the
femoral artery injection method was employed to establish ICH model. The model rats were randomly divided into
four groups, including Sham group, ICH group, ATRA group and DMSO group. The neurological scores were evalu-
ated for the four groups at different time points. Hematoxylin-Eosin staining was used to stain the CD11b positive
glia cells. Double immunofluorescence staining method was utilized to observe the co-expression of HO-1, NF-kB,
Nrf2 and TNF-ac and CD11b marker in glia cells. Western blot assay was used to detect the Nrf2 protein (total and
binding Nrf2), HO-1, NF-kB and TNF-a proteins in every group. The results indicated that neurologiclal scores were
significantly decreased in ATRA group compared to ICH gorup (P < 0.05). The glia cells were significantly activated
and accumulated in ICH rats. ATRA significantly decreased co-expression of Nrf2, HO-1 and CD11b, and increased
co-expression of NF-kB, TNF-a and CD11b of glia cells. ATRA significantly decreased total Nrf2 expression and
increased binding Nrf2 expression in ATRA group compared to ICH group (P < 0.05). ATRA decreased anti-oxygen
protein Nrf2 and HO-1, and increases inflammatory factors NF-kB and TNF-a. In conclusion, the application of ATRA
could inhibit the neuro-protective function effectively by blocking the Nrf2-ARE pathway in glia cells.
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Introduction

Intracerebral hemorrhage (ICH) is a kind of seri-
ous and acute central nervous system disease
[1, 2]. The occurrence of cerebral hemorrhage
may influence the brain function on specific
cognitive abilities, and cause the cognitive dys-
function [3, 4]. Many studies have discovered
that the diseases in intracerebral hemorrhage,
cerebral ischemia could activate the Nrf2-ARE
pathway [5-8]. The activated Nrf2 could also
trigger the expression of ARE regulated heme
oxygenase (HO-1), quinine reduction (NQO1),
and play the role of anti-oxidative and anti-
inflammatory and neuroprotective function [9,
10]. Other reports also indicated that the Nrf2-
ARE signaling pathway could play the neruopro-
tective role by regulating the activation of glial
cells [6, 7]. The glial cells were the important
immunological cells in central nerve system.

Especially, in the ICH, the stationary status of
glial cells was transformed to the active status,
and activating and proliferating quickly, and
playing the neuroprotective functions [8-10].

In this study, we observed the active status of
glial cells in ICH. In order to explore the inhibi-
tive function of all-trans-retinoic (ATRA) on Nrf2-
ARE pathway in ICH, we used the ATRA to inhibit
the combining of Nrf2 and ARE, and observe
the expression of Nrf2, HO-1, nuclear factor kB
(NF-kB) and tumor necrosis factor o (TNF-).
This study could provide the novel strategy and
clue for the clinical therapy of ICH.

Materials and methods
Experimental animals and reagents

Male SD rats were purchased from Slack
Jiangda Laboratory Animal Co., Ltd. (Changsha,
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Figure 1. Neurological socres of every group at different time points after
intracerebral hemorrhage. "P < 0.05 represents the neurological score in
ICH or ATRA group compared to Sham group. P < 0.05 represents the neu-

rological score in ATRA group compared to ICH group.

Hunan, China). The body weights range from
250 to 300 g.

ATRA and DMSO were purchased was pur-
chased from Sigma, CA, USA. The rabbit anti-
rat Nrf2 polyclonal was purchased from Abcam
(@b13243, ENG, UK). Rabbit anti-rat NF-«kB
polyclonal (#8242) and rabbit anti-rat TNF«x
polyclonal (#11948) were purchased from Cell
Signaling (MA, USA). Mouse anti-rat CD11b
polyclonal antibody was purchased from Sigma
(70-Mab1445, CA, USA). The goat anti-rabbit
polyclonal antibody labeled with Cy3 fluoresce-
in and goat anti-mouse polyclonal antibody
labeled with fluorescein isothiocyanate (FITC),
rabbit anti-rat B-actin polyclonal antibody were
purchased from Abcam, UK.

Establishment of rat ICH model and MRI veri-
fication

The establishing method was performed
according to the previous study [11]. The rats
were subjected to fasting without water depri-
vation 8 h before surgery. At 3 mm lateral to the
right side of the anterior fontanelle and a pen-
etration depth of 5 mm, 50 ul autologous blood
was slowly injected into the basal ganglia to
establish a rat ICH model. The Signal Excite HD
3.0 T MR scanner (GE, MI, USA) was used to
examine the hematoma 3 h after the ICH had
been established. When a notable round, oval
or irregularly-shaped hematoma was discov-
ered, the rat was considered as the model rat.
When there was blood reflux into the needle
tract, blood in the ventricles or death, the rat
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7 days ICH group, ATRA group and
DMSO group. For the above 4
groups, each group was divided
into 5 subgroups, including 6 h,
1d,2d,3d,7d (after ICH) sub-
groups, and each subgroup
contains 5 rats. Furthermore,
we also selected 5 health SPF rats as the con-
trol group.

Neurological score

Garcia 18-points test [12] was performed to
assess the neurological function of the rats,
and those with a score > 3 were considered
usable subjects. The Garcia 18-points scores
were obtained 24 h before surgery. Also, the
Garcia 18-point scores were evaluated at 6 h, 1
d, 2d, 3dand 7 d after surgery, respectively.

Rats treatment and tissues selection

The rats were anesthetized and the heart was
rapidly exposed, a perfusion tube was inserted
from the left ventricle to the root of the aorta,
and a small cut was made on the right atrial
appendage with scissors. Then, 200 ml 4°C
saline was infused until the effluent fluid was
clear, and 4% paraformaldehyde was used for
perfusion until the limbs of the rat were rigid.
The animal was then decapitated and its brain
collected, placed in 4% paraformaldehyde for
24 h, and subsequently subjected to frozen
sectioning at a slice thickness of 5 ym for
immunofluorescence staining.

Hematoxylin-eosin staining for glia cells

The isolated tissues were embedded in tissue
freezing medium (Triangle Biomedical Science,
NC, USA) and immediately frozen in isopentane
at-50°C. Total 4 ym cryosections were cut on a
Microm HM 500 M Cryostat and placed on
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Superfrost Plus Gold glass slides (Menzel,
Germany). Slides were subsequently fixed in
70% ethanol. The sections were stained with
hematoxylin staining, and all of the procedures
were performed according to the manufactur-
er’s instruction.

Immunofluorescence analysis for co-expres-
sion

The immunofluorescence analysis was em-
ployed to the co-expression of Nrf2-ARE down-
stream factors (HO-1, NF-kB, Nrf2 and TNF-)
and glial cells (CD11b marked). The brief pro-
cesses of the immunofluorescence analysis
were performed as the followings: Nrf2, HO-1,
NF-kB and TNF-a positive cells were detected
as follows. @ The brain tissues were fixed in
pre-cooling paraformaldehyde for 15 min; @
PBS rinse was performed for 5 min x 3 times,
followed by membrane rupture using 0.25% tri-
ton for 15 min; 3 Blocking using 10% BSA for
60 min; @ PBS rinse was performed for 5 min
x 3 times, followed by incubation with primary
antibody at 4°C overnight (about 12 hours); ®
PBS rinse was performed for 10 min x 3 times,
followed by incubation with second antibody at
room temperature for 2 hours in dark; ©® PBS
rinse was performed for 10 min x 3 times, fol-
lowed by DAPI staining for 15 min; (7)) PBS rinse
was performed for 5 min x 3 times, followed by
mounting with glycerol, and fluorescent micro-
scope was used for observation and taking
images (with LI-COR imaging analysis system,
Biosciences, Lincoln, NE, U.S.). At 400 magnifi-
cations, images from 5 non-overlapping fields
were analyzed for cell counts and the mean
was calculated.

Western blot analysis for Nrf2, HO-1, NF-kB
and TNF-a expression

Brain tissues were isolated, sliced and snap-
frozen in liquid nitrogen and immediately
homogenized in ice-cold RIPA lysis buffer
(Sigma, USA) containing a cocktail of protease
inhibitors (Roch, Switzerland). Denatured total
cell lysates were run in SDS-PAGE, transferred
to nitrocellulose membranes and blocked over-
night at 4°C in 5% milk. The blocked mem-
branes were incubated overnight at 4°C with
the anti-Nrf2 (1:1000, ab31163, Abcam, U.K.),
anti-HO-1 (1:2000, ab13243, Abcam), anti-
NF-kB (1:1000, CST#8242, Cell Signaling
Technology, U.S.), and anti-B-actin (1:1000,
70-Mab1445, Sigma) followed by 1 hour incu-
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bation at room temperature with an HRP-
conjugated secondary antibody. The Tow-color
Laser Odyssey Infrared Imaging System (Gene
Company Limited, Hong Kong, China) was used
to scan the membranes, and the images were
analyzed using Odyessy Version 3.0 software.
Signals were normalized against B-actin and
the results were expressed as a percentage of
the negative control signal.

Statistical analysis

Significant differences between groups were
determined by Student’s t test. The mean and
standard deviations of the result between
groups was used and P value < 0.05 was taken
as statistically significant. Analyses were per-
formed with the SPSS 17.0 statistical software
package (Microsoft, CA, USA).

Results
Neurological score

There was no obvious neurological function
deficit in Sham group, and the neurological
score achieved the higher levles steadily (Figure
1). The neurological deficits and neurologiclal
scores were significantly decreased in ICH
group and ATRA group, and achieved the lowest
levle 48 hours after intracerebral hemorrhage
(Figure 1, P < 0.05). The death rat in ATRA
group was significantly higher compared to the
ICH group (Figure 1, P < 0.05). The changes of
neurological function in ATRA group was initiat-
ed from 1 day after intracerebral hemorrhage,
and ended at the 7th day (Figure 1). Moreover,
no effects of DMSO treatement on neurological
function and score were discovered.

Expression of glia cells

From the Figure 2, the CD11b positive glia cells
were obviously observed arrounding the intra-
cerebral localization 6 hours (Figure 2A, 2B).
The results indicated that the glia cells were
significantly activated and accumulated.
Furthermore, the CD11b positive glia cells
achieved the peak at 3 days after intracerebral
hemorrhage (Figure 2C, 2D). There were only a
few CD11b positive glia cells in the Sham group.

Co-expression of Nrf2, HO-1, NF-kB, TNF-a and
glial cells

In order to explore the effects of Nrf2, HO-1,
NF-kB, TNF-a on ICH perifocal tissues, co-
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Figure 2. CD11b positive glia cells observation with Hematoxylin-Eosin staining. CD11b positive glia cells expres-
sion was examined in ICH group 6 hours after intracerebral hemorrhage at the magnification of 200 x (A) and 400
x (B). CD11b positive glia cell expression was examined in ICH group 3 days after intracerebral hemorrhage at the
maghnification of 200 x (C) and 400 x (D).
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Figure 3. Nrf2, HO-1, NF-kB, TNF-a and CD11b co-expression positive glial cells. A. Statistical analysis of Nrf2 and
CD11b co-expresion positive glial cells. B. Statistical analysis of HO-1 and CD11b co-expresion positive glial cells. C.
Statistical analysis of NF-kB and CD11b co-expresion positive glial cells. D. Statistical analysis of TNF-a and CD11b
co-expresion positive glial cells. “P < 0.05 represents the co-expression positive glial cells in ICH or ATRA group
compared to Sham group. #*P < 0.05 represents the co-expression positive glial cells in ATRA group compared to ICH
group.

expression of Nrf2, HO-1, NF-kB, TNF-a were co-expression positive glia cells reached a
examined by double immunofluorescence peak on day 3 (Figreu 3). From Figure 1A and
staining. The resutls indicated that all of the 1B, we could found that ATRA significantly
factors (Nrf2, HO-1, NF-kB, TNF-a) and CD11b decreased the co-expression of Nrf2 (Figure
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1A) and HO-1 (Figure 2B) and CD11b of glia
cells compared to the ICH group. However, the
ATRA could significantly increase the co-expres-
sion of NF-kB (Figure 1C) and TNF-« (Figure 1D)
and CD11b of glia cells compared to the ICH
group. The above data suggest that the ATRA
could inhibit the neuroprotection of Nrf2-ARE
pathway, and enhance the inflammatory
response of glia cells.

ATRA triggers the expression changes of bind-
ing and total Nrf2 protein

In order to discuss the effects of ATRA on the
binding and total Nrf2 protein expression, the
two forms of Nrf2 were detected by western
blot assay. Figure 4 showed taht the total Nrf2
was significantly decreased in ATRA group com-
pared to the ICH group (Figure 4A, 4B, P <
0.05) at 6 hours and 2 days. However, the bind-
ing Nrf2 protein was significantly increased in
ATRA group compared to the ICH group (Figure
4A, 4C, P < 0.05).

ATRA decreases anti-oxygen protein and in-
creases inflammatory factors

To explore the mecahnism of the effects of
ATRA on the glia cells activation, the anti-oxy-
gen protein and inflammatory factors were
examined. The results indicated that the ATRA
significantly decreased the HO-1 expression
level in ATRA group compared to ICH group
(Figure 5A, P < 0.05). However, the inflamma-

10440

Nrf2
— —— S —— —— — i

Figure 4. Examination of the total Nrf2 and
binding Nrf2 expression. A. Western blot as-
say for the total and binding Nrf2 protein ex-
pression. B. Statistical analysis for the total
Nrf2 expression. C. Statistical analysis for
the binding Nrf2 expression. *P < 0.05 repre-
sents the total or binding Nfr2 protein expres-
sion in ATRA grup compared to ICH group.
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tory factor, NF-kB (Figure 5B, P < 0.05) and
TNF-a (Figure 5C, P < 0.05) increased signifi-
cantly in ATRA group compared to ICH group.

Discussion

Nrf2-ARE pathway is the hot fied of anti-oxygen
in the recent years, which can induce the
expression of endogenous protective genes in
many tissues and cells, such as antioxidant
enzymes, anti-inflammatory factors and some
detoxifying proteins. The activated Nrf2-ARE
could enhance the HO-1 expression expression
in brain tissues [6, 13, 14]. HO-1 could mediate
many kinds of neuroprotective function, and
could also inhibit NF-kB signaling transduction
pathway. HO-1 could inhibit the dissociation of
I-kB and NF-kB, and disturb the nuclear local-
ization signal (NLS) of p65 subuit in NF-kB [15-
17]. The present study indicated that the
expression of Nrf-2, HO-1, NF-kB and TNF-a
were increased in ICH group compared to
DMSO control group and Sham group.
Meanwhile, when we treated the rats model
with ATRA, the Nrf-2-ARE pathway was inhibited
obviously inhibited, and neurological functions
were obviously damaged. Our study showed
that the expression of Nrf2 protein and HO-1
protein decreased, which is consistent with
Wang et al.’s report [18]. This report indicated
that sulforaphane (SUL) could activate the
Nrf2-ARE pathway, and up-regulate the expres-
sion of Nrf2 and HO-1 protein, however, the
expression of NF-kB and TNF-a was down-regu-
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lated. The above results suggest that ICH could
activate the Nrf2-ARE pathway, which play a
role in neuro-protection. HO-1 is one critical tar-
geting protein in this pathway to play the neuro-
protectiv functions.

In this study, we used the Nrf2 inhibitor [18,
19], ATRA, to treat the ICH rat model. There are
also some divergences about the function of
the ATRA. Wang et al. [18] thought that ATRA
could not inhibit the expression of Nrf2, and
could inhibit the bingding of Nrf2 to ARE. In
order to the effects of ATRA on the Nrf2 activa-
tion and potential mechanism, we observed the
Nrf2-ARE pathway related factors change after
treatment with ATRA. The results indicated that
the expression of Nrf2 and HO-1 protein
decreased obviously, which suggest that the
anti-oxidant adn anti-inflammatory response
were significantly decreased. The western blot
assay results also showed that the binding Nrf2
protein was increased in ATRA treated rat com-
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Figure 5. HO-1, NF-kB and TNF-a expression in
ATRA treated rat brain tissues. A HO-1 expres-
sion and statistical analysis. B. NF-kB expres-
sion and statistical analyis. C. TNF-a expression
and statistical analysis. "P < 0.05 represents the
HO-1, NF-kb or TNF-a protein expression in ATRA
grup compared to ICH group.

pared to ICH group, the Nrf2 co-expresison
positive glia cells decreased, all of which sug-
gest that the ATRA could inhibit the dissociation
of Nfr2 and Keapl. The inhibition of dissocia-
tion could decrease the Nrf2 getting into
nucleus.

The previous studies [20, 21] have been con-
cluded that the activated glia cells volume
become bigger, the cell protrusions become
more, and the migrating speed become quicker
to hematoma arroundings. Some reports [22-
24] also indicated that the Nrf2 protiein was
activated in many kinds of disease models, and
activated the glia cells, which could perform
the neuro-protective functions.

In conclusion, The neuro-protective functions
of Nrf2-ARE pathway could be activated after
ICH of rats. The application of ATRA could inhib-
it the neuro-protective function effectively by
blocking the Nrf2-ARE pathway in glia cells.
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