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Abstract: Neuron apoptosis after cerebral hemorrhage is one important factor causing late-onset neural damage.
Complex mechanisms underlie secondary brain injury after hemorrhage, closely relating with inflammation, oxida-
tive stress and cell apoptosis. C-myc has dual roles of facilitating cell proliferation and apoptosis. This study estab-
lished a rat cerebral hemorrhage model, on which the correlation between post-hemorrhage oxidative stress and
neuron apoptosis was observed, along with the effect of apoptosis gene c-myc expression. Healthy male SD rats
were assigned into sham, model, MPEG-SOD groups (N=28). Brain hemorrhage model was generated by autoblood
transfusion. 12 h, 1 d, 3 d and 7 d after surgery, neural deficit score (NDS) was measured. Morphology change of
brain tissues was observed in addition to water contents. Malonaldehyde (MDA) and superoxide dismutase (SOD)
were quantified by spectrometry. Nuclear factor (NF)-kB p65 was measured. Protein level of c-myc was determined
by Western blotting, while TUNEL assay described neural apoptosis. Model rats had significantly lower NDS and
SOD activity at all time points. Brain tissue water content, MDA level, NF-kB p65, c-myc and TUNEL positive cell
were all remarkably elevated (P<0.05) with significant pathology injury. Such impairment reached the peak at 3
d post-surgery. MPEG-SOD treatment significantly elevated NDS, SOD activity, and suppressed brain tissue water
content, MDA level, NF-kB p65, c-myc and TUNEL positive cell (P<0.05), plus remarkably improved pathology injury.
Oxidative stress-induced neuron apoptosis after brain hemorrhage might be related with NF-«kB activity and activa-
tion of apoptosis related gene c-myc.
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Introduction closely correlated with post-hemorrhage neu-
ron apoptosis. Under hypoxia condition, reac-
tive oxygen species (ROS) and NO were activat-

ed in neurons, to induce mitochondrial apopto-

Cerebrovascular disease is common in clinics,
with gradual increase of incidence, morbidity

and mortality [1, 2]. Relatively higher mortality
existed for post-hemorrhage patients. Aged
people are high risk population for cerebral
hemorrhage. Major inducing factors include
cerebral atherosclerosis, cerebral vascular de-
formation and hypertension [3, 4]. Currently
the post-hemorrhage injury mechanism has
not been fully illustrated, nor did effective tre-
atment for improving patient’s prognosis sig-
nificantly. Post-hemorrhage neuron apoptosis
is one important factor causing late-onset neu-
ron injury. A complicated series of mechanism
underlies secondary brain tissue injury after
hemorrhage, involving inflammation, oxidative
stress and cell apoptosis. Oxidative stress is

sis pathway. During pathological process of
cerebral hemorrhage, abnormal structure/func-
tion of mitochondria, oxidative stress injury and
increased production of free radicals works
as intermediate bridge. Brain tissues are sus-
ceptible for ROS-induced injury due to their
high oxidative metabolic rate and lower anti-
oxidant levels [5, 6]. Inflammatory mediator in-
duces cell adhesion and aggregation, causing
blockade of micro-vessels, activating leukocy-
tes for releasing inflammatory mediators and
cytokines. Secondary neuron injury thus occur-
red in blood-brain barrier under the direction
of ROS released from leukocytes [7, 8]. Nuclear
factor (NF)-kB has pluripotent regulatory roles
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for mediating inflammatory factor, cytokine,
chemotactic factor transcriptional levels such
as IL-8 and IL-6, thus playing an important role
in cell inflammation and apoptosis. Previous
study showed the involvement of NF-kB in path-
ological process of brain hemorrhage, under
which microglia was activated to produce neu-
rotrophic factors and neurotoxic molecules, to
release large amounts of free oxygen and cyto-
kines, to activate NF-kB, and participates in
neural injury and repair, inflammation, and oxi-
dative stress [9, 10]. C-myc has dual roles of
facilitating cell proliferation and apoptosis:
under oxidative stress ROS activates NF-«B,
which initiates apoptosis related gene c-myc to
forming dimers with Max for further binding
onto DNA core sequence for inducing neuron
apoptosis [11, 12]. This study thus established
rat brain hemorrhage model, on which the cor-
relation between oxidative stress post-hemor-
rhage and neuron apoptosis was observed, in
addition to gene expression effect of apoptosis
related gene c-myc.

Materials and methods
Experimental animal and grouping

Healthy male SD rats (7 weeks old, body weight
220~240 g) were provided by Laboratory Ani-
mal Center, Shandong University (Certificate
No. SYXK-2013-0025) and were kept in an SPF
grade facility with food and water provided ad
libitum. Animals were randomly assigned into
sham, model and MPEG-SOD groups (N=28
each). Autoblood transfusion was performed
to establish rat hemorrhage model, on which
MPEG-SOD was applied via peritoneal injec-
tion. Rats in sham or model group received
equal volume of saline.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of Shandong Provincial Hospital
affiliated to Shandong University.

Drug and reagent

Malonaldehyde (MDA) and superoxide dismu-
tase (SOD) were purchased from lJiancheng
Bio (China). Chloral hydrate and paraformal-
dehyde were purchased from Kemiou Chem
(China). Rabbit anti-NF-kB antibody was pur-
chased from Boster Bio (China). Horseradish
peroxidase (HRP)-labelled goat anti-rabbit sec-
ondary antibody was purchased from CST (US).
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C-myc antibody was purchased from Santa
Cruz (US). DAB staining kit was purchased from
Golden Bridge (China). TUNEL test kit was pur-
chased from Roche (US).

Animal model

Neurological deficit score (NDS) was measured
1 h before surgery to exclude those rats with
primary neurological deficits. Brain hemorrhage
model was generated by autoblood transfu-
sion as previously described [13]. In brief, rats
were fasted 8 h before surgery. After anesthe-
sia in 10% hydrate chloral, rats were fixed in
supine position, with head fixed in stereotaxic
apparatus. Globus pallidus was located with
reference to Rat brain atlas. A micro-loading
needle was used to transfuse 50 uL artery
blood collected from venous blood vessel (at
25 yL/min speed). With 10-min retention, the
needle was slowly retracted, with bone wax to
seal the drilling hole. The incision was sutured
with sterilization. Equal volume of saline was
applied in the same location in sham group.

Drug delivery

MPEG-SOD (100 U) was applied via intraperito-
neal injection 20 min before model prepara-
tion. Equal volume of saline was given for sham
and model group.

Neurological deficit score

Longa 5-grade system was used to evaluate
rat neurological function. Successful genera-
tion of cerebral hemorrhage was deduced as
grade Il or above after recovery from anesthe-
sia. At 12 h, 1d, 3d and 7 d after surgery, NDS
was re-evaluated by Garcia system, with a
range from 3 to 18.

MDA and SOD level assay and water content
quantification in brain tissues

At12h,1d,3dand 7 d after surgery, rats were
sacrificed to extract brain tissues from hemor-
rhage side (N=7 each). Rat brain tissues were
washed in pre-cold saline at 4°C, and were
weighted after removing surface water. 10%
cortical homogenate was prepared for 10 min
centrifugation for collecting supernatants. Pro-
tein content was quantified using Coomassie
brilliant blue colorimetric method. MDA and
SOD levels were quantified using test kit follow-
ing manual instruction and spectrometry meth-
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Figure 1. Rat cerebral hemorrhage model. Left, “chasing-tail” gait of rats
after cerebral hemorrhage; Right, brain hematoma tissues.
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Immunohistochemistry (IHC)
staining for NF-kB p65 pro-
tein expression

Rats were sacrificed at all
time points to extract the
brain, in which cerebellum
and olfactory bulb were re-
moved, followed by immer-
sion in paraformaldehyde.
Paraffin section (8 ym) was
prepared. After de-waxed in
paraffin, tissue sections were
rinsed in PBS pH7.4 for three
times (3 min each), antigen
retrieval was performed, fol-
lowed by 3% H,0, incuba-
tion for 10 min to block en-
dogenous activity of peroxi-
dase. Primary antibody (1:
1000 dilution) was added for
1 h room temperature incu-
bation, followed by polymer
enhancer (20 min room tem-
perature incubation). Enzy-
me labelled anti-mouse/rab-
bit polymer was added for
30 min room temperature
incubation. Freshly prepared
DAB buffer was added for
5 min development under mi-

12h 1d
Time after surgery

Figure 2. NDS at all time points after surgery. A: Sham group; B: Model group;
C: MPEG-SOD group. *, P<0.05 compared to control group; #, P<0.05 com-

pared to model group.

od. Tissue samples (1 mm?3) were collected
from posterior and anterior side of hematoma
puncture site for calculating water content,
which was defined as (wet weight - dry weight)/
wet weight x100%.

HE staining

Rats were fixed in 4% paraformaldehyde and
decapitated for extracting brains. Cerebellum,
olfactory bulb and lower brain stem were all
removed, with remaining brain tissues immer-
sed in paraformaldehyde. Coronal sections
were prepared 1.4 mm posterior of Bregma
from paraffin block. Hematoxylin-eosin stain-
ing was performed for observation under light
field microscope.
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7d croscopic observation. Hema-
toxylin was used for counter-
staining and 0.1% HCI differ-
entiation. Tap water was used
to rinse slides, which were
then dehydrated in gradient
ethanol. Xylene was added,
followed by resin mounting. Image-pro plus sys-
tem (Media Cybernetics, IPP imaging analysis
software corp, US) was use to analyze results
observed under light field microscopy. A total of
five different fields were selected around hema-
toma under 40x magnification. Numbers of
positive expressed cells were calculated for
average.

Western blotting for brain expression of c-myc
protein

Rat brain tissues around hematoma were lysed
in lysis buffer to collect solution via centrifuga-
tion. Protein quantification was measured by
BCA kit. Protein samples were separated by
SDS-PAGE (8 pL loading volume, 75 V for 25
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Figure 3. Brain tissue hematoma after cerebral hemorrhage. A: Sham group;
B: Model group; C: MPEG-SOD group. *, P<0.05 compared to control group;

#, P<0.05 compared to model group.

min, followed by 110 V electrophoresis until
bromophenol blue reached bottom of separa-
tion gel), and were transferred to PVDF mem-
brane (110 V for 45 min). The membrane was
blocked in blocking buffer for 1 h, followed by
primary antibody (anti-c-myc at 1:100, or anti-
beta-actin at 1:1000) incubation at 4°C over-
night and TBST washing. Secondary antibody
(1:2000) was added for 1 h incubation. After
TBST rinsing for three times, development re-
agent was added for exposure in dark. Quan-
tity One image analysis software (BioRad, US)
was used to analyze colored bands, whose rela-
tive expressions were determined as the ratio
of absorbance values of target protein bands
against internal reference proteins.

TUNEL assay for neural tissue apoptosis

Paraffin sections were de-waxed and rehydrat-
ed. Proteinase K was added for digestion at
room temperature, followed by H,0,-methanol
blocking. Tissue slides were rinsed in PBS
twice, and in neutral buffers (1 h at room tem-
perature). Hydrogen peroxidase was used for
room temperature incubation for 30 min, fol-
lowed by DAB development and methyl-green
counter-staining. Tissue sections were dehy-
drated, and were observed under light field
microscope. Image-pro plus system (Media Cy-
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bernetics, IPP imaging ana-
lysis software corp, US) was
use to analyze total number
of positive cells observed un-
der light field microscopy
(10 randomly selected fields,
400x magnification).

Statistical methods

SPSS20.0 software was used
for statistical analysis. Mea-
surement data were firstly
tested for normality. Those fit-
ted normal distribution were
presented as mean % stan-
dard deviation (SD). One-way
analysis of variance (ANOVA)
7d was used to compare means
among multiple groups, fol-
lowed by LSD test in paired
comparison. A statistical sig-
nificance was defined when
P<0.05.

Results
General information of NDS

No limb immobility was observed in sham
group, which had sensitive response for pain
stimuli in limb terminus, thus having NDS at
grade 0. Both model and treatment group had
paralysis of contralateral limbs, with circled
gait toward the hematoma side. Significant
round-shaped hematoma can be observed
when extracting brain tissues. 4 rats died from
infection or subarachnoid hemorrhage plus 4
rats with grade O NDS after surgery were
excluded from the test cohort. Evaluation of
cerebral hemorrhage was shown in Figure 1.
No significant behavioral change was found in
sham group, while model rats had neurological
deficits. Most severe deficits were found at 3 d
post-surgery, with statistically significant differ-
ence of NDS between model and treatment
groups at 12 h, 1 d, 3 d and 7 d post-surgery
(P<0.05, Figure 2).

Tissue hematoma after surgery

No significant tissue hematoma was observed
in brain tissues of sham group. Model group
had brain hematoma after surgery, with reach-
ing the peak at 3 d and gradual decrease.
MPEG-SOD treatment group had significantly
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Figure 4. Tissue morphology of rat brains (HE staining, x400). A: Sham group; B-E: Model group; F to I: MPEG-SOD
group. B and F: 12 h after surgery; C and G: 1 d after surgery; D and H: 3 d after surgery; E and |: 7 d after surgery.

lower water content of brain tissues compared
to model group at all time points (P<0.05,
Figure 3).

Tissue morphology of rat brain

Using HE staining and light-field microscopic
observation, no significant change was obser-
ved in sham group, which had regular arrange-
ment and intact morphology, along with abun-
dant cell number and normal structure. Model
group at all time points had irregular neuron
arrangement, cell swelling at different grades,
accompanied with inflammatory cell infiltration
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and gill proliferation. The most severe patho-
logical damage occurred at 3 d after surgery.
MPEG-SOD treatment alleviated brain damage
at different time points (Figure 4).

MDA and SOD levels of brain tissues

Compared to sham group, model rats had sig-
nificantly elevated MDA at all time points after
surgery, plus lowered SOD level (P<0.05).
MPEG-SOD treatment remarkably depressed
MDA content and increased SOD level com-
pared to those in model group (P<0.05, Figure
5).

Int J Clin Exp Pathol 2016;9(12):12197-12207
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Figure 5. MDA and SOD level of brain tissues. A: Sham group; B: Model group; C: MPEG-SOD group. *, P<0.05 com-
pared to control group; #, P<0.05 compared to model group.
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Figure 6. IHC staining for NF-kB p65 protein expression. A: Sham group; B-E: Model group; F to I: MPEG-SOD group.
B and F: 12 h after surgery; C and G: 1 d after surgery; D and H: 3 d after surgery; E and |, 7 d after surgery.
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Figure 7. TUNEL positive cells in rat brain tissues (x400). A: Sham group; B-E: Model group; F to I: MPEG-SOD group.
B and F: 12 h after surgery; C and G: 1 d after surgery; D and H: 3 d after surgery; E and I: 7 d after surgery.

NF-kB p65 protein expression assay by IHC lowered NK-kB p65 expression compared to

model group at all time points (Figure 6).
Positive expression of NK-kB p65 protein lo-

cates in both nucleus and cytoplasm of cells, TUNEL for neuron apoptosis

as shown by brown granules. Sham group had

fewer positive expression of NK-kB p65 in Most TUNEL-positive cells locate inside neuro-
brain tissues, while model group had eleva- nal nucleus as shown by brown yellow color.
ted expression 12 h after surgery, and reach- Positive rate of TUNEL in sham group was rela-
ed the peak at 3 d, with persistent positive tively lower compared to model group. The ratio
expression until 7 d. MEPG-SOD treatment had of TUNEL positive cell reached a peak at 3 d

12203 Int J Clin Exp Pathol 2016;9(12):12197-12207
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myc protein expression com-
pared to model group at the
same time point (P<0.05, Fig-
ures 9 and 10).

Discussion

Cerebral hemorrhage is com-
- mon pathological change in
clinics, and severely affects
patient’s life quality. The alle-
viation of cerebral hemorrh-
age injury is of critical for
decreasing mortality rate.
This study utilized an autob-
lood transfusion method to
generate rat brain hemorrh-
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Figure 8. Number of TUNEL-positive cell number. A: Sham group; B: Model
group; C: MPEG-SOD group. *, P<0.05 compared to control group; #, P<0.05

compared to model group.
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Figure 9. c-myc protein expression in brain tissues by Western blotting.

after surgery, followed by gradual decrease.
MPEG-SOD group had significantly lower TUNEL
positive percentage compared to model group
at all time points (Figures 7 and 8).

Western blotting for c-myc protein expression
in brain tissues

At all time points after surgery, c-myc protein
expression levels in rat brain tissues from
model group were significantly higher than
those of sham group (P<0.05). Model rats had
peaked c-myc protein expression at 3 d post-
surgery, whilst MPEG-SOD group had lower c-
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7d age model, on which the ef-
fect of post-hemorrhage oxi-
dative stress on neuron apop-
tosis was observed. The com-
ponent of tail artery blood
used in this experiment was
similar to those of hematoma
in clinics. Caudal nucleus in
rats is similar to the common
site of brain hemorrhage in
humans, in addition to its
ease for localization. The vol-
ume of blood transfusion was
determined by the ratio of
human and rat brain volume,
as 50 uL intracranial blood
transfusion in rats was com-
parable to 40 ml of intra-
cranial hemorrhage in hu-
mans. Four rats were exclud-
ed due to perioperative in-
fection and subarachnoid he-
morrhage, plus 4 rats with
grade O of post-op NDS. After
primary cerebral hemorrhage,
brain edema, intracranial hypertension, inflam-
matory response and cell apoptosis may pres-
ent duet to the release of vasoactive substanc-
es from peripheral brain tissues and extension
of hematoma [14, 15]. Secondary brain edema
can cause brain metabolism disorder, which is
an important factor causing brain tissue dam-
age. Brain edema can occur at 1~2 h after hem-
orrhage, and reaches the peak at 2~3 d fol-
lowed by gradual alleviation. Study showed con-
sistent time course between peak of post-hem-
orrhage mortality and brain edema formation
[16, 17]. This study thus selected four different
time points: 12 h, 1 d, 3d and 7 d after surgery,

7d
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Figure 10. Relative expression of c-myc protein in brain tissues.

and investigated the effect of oxidative stress
on cell apoptosis after brain hemorrhage. In
our results, model rats had brain edema and
neurological disorder. With elongated time, ne-
urological deficit was further aggravated and
reached the peak at 2 d~3 d, followed by grad-
ual alleviation. Tissue swelling and necrosis to
different extents was observed, accompani-
ed with inflammatory cell infiltration and glial
cell proliferation. 3 d after surgery, pathologi-
cal damage reached the peak. MPEG-SOD
group had significantly lower water content of
brain tissues at all time points, accompanied
with decreased brain tissue damage, suggest-
ing that the alleviation of secondary brain ede-
ma could help to reduce brain tissue injury
post-hemorrhage, and to improve neurological
disorder.

MPEG-SOD is one product of SOD coupled with
MPEG. With relatively longer half-life, it can
exert neuroprotective roles via effectively de-
creasing content of free radicals, decreasing
cell edema, improving micro-circulation, and in-
hibiting lipid peroxidation [18, 19]. Under phy-
siological condition, body can maintain a ho-
meostatic status between oxidation and anti-
oxidation. Such balance, however, is breached
in cerebral hemorrhage, as body’s oxidative le-
vel goes beyond anti-oxidative potency, thus
enhancing oxidative stress level and aggra-
vating brain injury. MDA level can reflect lipid
peroxidation response and cell injury level,

12205

[l sham group [l Model group [ MPEG-SOD group

while SOD is the primary
agent inside body to clear
free radicals and to block
related cell damage [19]. This
study showed elevated MDA
level and decreased SOD in
model rats at all time points,
with the peak reaching at
3 d post-surgery. Compared
to model group, MPEG-SOD
group had decreased lower-
ed MDA level and elevated
SOD level, indicating that
SOD could alleviate cerebral
hemorrhage injury via inhi-
biting body oxidative stress
level and improving anti-oxi-
7d dative enzymatic activity, pos-
sibly via mitochondrial ATP-
sensitive potassium channel
and mitochondrial membrane
stability [18].

NF-kB signal pathway is involved in cellular
hypoxia/ischemia and acclimation of ischemia.
Both in vivo and in vitro studies showed the
participation of NF-kB in pathology of cerebral
hemorrhage, whose secondary injury is also
related with NF-kB activation. 2 h after brain
hemorrhage, NF-kB is activated and reaches
the peak level at 2 d post-hemorrhage [20].
Cytoplasmic NF-kB normally has no activity as
it exists in the dimer form with binding onto
inhibitory protein IkB. The activation of NF-kB
facilitates IkBa expression, for further feed-
back regulation on NF-kB expression [20]. IkB
degradation can be induced by IL-1 or LPS
signal. The release and activation of NF-«kB
lead to nuclear localization for binding onto
specific kB sequence, which facilitates tran-
scription of inflammatory mediator and cyto-
kines. Production of large amounts of pro-
inflammatory factors and mediators further
causes inflammatory response. In this study,
12 h after surgery, positive expression of NF-kB
p65 increased from 12 h after surgery, and
reached the peak at 3 d post-op. 7 d after the
surgery, NF-kB p65 positive expression is still
visible. MPEG-SOD group had lower NF-kB posi-
tive expression rate compared to model group
at the same time point, suggesting that the
activation of NF-kB in peri-hematoma tissues
after brain hemorrhage can be activated by
hypoxia/ischemia, and activation of inflamma-
tory cells, microglia and neurons, further aggra-

Int J Clin Exp Pathol 2016;9(12):12197-12207
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vating injury and causing secondary brain tis-
sue damage. During critical steps of early
phase initiation of acute inflammatory injury,
both post-phosphorylation degradation of IkB,
and release plus translocation of NF-kB from
complexes are possibly involved [21]. MPEG-
SOD may protect hemorrhage brain tissues
via alleviating cell edema, improving micro-
circulation, decreasing expression of inflam-
matory factors, suppressing NF-kB activation,
and inhibiting adhesion between leukocytes
and endothelial cells.

Previous studies showed certain correlation
between number of TUNEL-positive cells and
c-myc protein expression after cerebral dam-
age [21, 22]. This study found significantly
elevated TUNEL-positive cell in rat brain he-
morrhage model group. TUNEL positive level
reached the peak at 3 d after surgery, follow-
ed by gradual decrease. Expression of c-myc
protein in brain tissues is consistent with
TUNEL-positive cells. Both TUNEL-positive cell
number and c-myc protein expression were
significantly lowered in MPEG-SOD group com-
pared to model group at the same time point,
suggesting that ROS could activate NF-kB
under post-hemorrhage oxidative stress condi-
tion, further activating apoptotic related gene
c-myc, which might further facilitate oxida-
tive stress response and induce neuron apop-
tosis. MPEG-SOD might protect neurons via in-
hibiting c-myc expression of NF-kB activation.

Conclusion

Neuron apoptosis induced by post-hemorrhage
oxidative stress might be related with activa-
tion of NF-kB, and initiation of apoptosis relat-
ed gene c-myc.

Acknowledgements

This work was supported by Shandong Province
Clinical Medical Research platform of early
Alzheimer’'s disease prevention and control
fund (No. 2013KJHM180405).

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Yifeng Du, Depart-

ment of Neurology, Shandong Provincial Hospital
Affiliated to Shandong University, 324 Jingwu Road,

12206

Jinan 250021, Shandong, China. Tel: +86-531-87-
938911; Fax: +86-531-87938911; E-mail: yifeng-
duzxc@sina.com

References

[1]  LinJN, Lin CL, Lin MC, Lai CH, Lin HH, Yang CH,
Kao CH. Increased Risk of Hemorrhagic and
Ischemic Strokes in Patients With Splenic
Injury and Splenectomy: A Nationwide Cohort
Study. Medicine (Baltimore) 2015; 94: e1458.

[2] ChenQ, Tang J, Tan L, Guo J, Tao Y, Li L, Chen
Y, Liu X, Zhang JH, Chen Z, Feng H. Intracerebral
Hematoma Contributes to Hydrocephalus After
Intraventricular Hemorrhage via Aggravating
Iron Accumulation. Stroke 2015; 46: 2902-8.

[3] Kim SW, Chung SJ, Oh YS, Yoon JH, Sunwoo
MK, Hong JY, Kim JS, Lee PH. Cerebral Micro-
bleeds in Patients with Dementia with Lewy
Bodies and Parkinson Disease Dementia.
AJNR Am J Neuroradiol 2015; 36: 1642-7.

[4] Akoudad S, Portegies ML, Koudstaal PJ, Hof-
man A, van der Lugt A, lkram MA, Vernooij MW.
Cerebral Microbleeds Are Associated With an
Increased Risk of Stroke: The Rotterdam Study.
Circulation 2015; 132: 509-16.

[5] Toda T, Yamamoto S, Yonezawa R, Mori Y,
Shimizu S. Inhibitory effects of Tyrphostin AG-
related compounds on oxidative stress-sensi-
tive transient receptor potential channel acti-
vation. Eur J Pharmacol 2016; 786: 19-28.

[6] Kotlega D, Gotgb-Janowska M, Masztalewicz
M, Cieéwiez S, Nowacki P. Potential role of
statins in the intracerebral hemorrhage and
subarachnoid hemorrhage. Neurol Neurochir
Pol 2015; 49: 322-8.

[71 Shoamanesh A, Preis SR, Beiser AS, Vasan RS,
Benjamin EJ, Kase CS, Wolf PA, DeCarli C,
Romero JR, Seshadri S. Inflammatory biomark-
ers, cerebral microbleeds, and small vessel
disease: Framingham Heart Study. Neurology
2015; 84: 825-32.

[8] Han BH, Zhou ML, Johnson AW, Singh I, Liao F,
Vellimana AK, Nelson JW, Milner E, Cirrito JR,
Basak J, Yoo M, Dietrich HH, Holtzman DM,
Zipfel GJ. Contribution of reactive oxygen spe-
cies to cerebral amyloid angiopathy, vasomo-
tor dysfunction, and microhemorrhage in aged
Tg2576 mice. Proc Natl Acad Sci U S A 2015;
112: E881-90.

[9] Zhao XR, Gonzales N, Aronowski J. Pleiotropic
role of PPARgamma in intracerebral hemor-
rhage: an intricate system involving Nrf2, RXR,
and NF-kappaB. CNS Neurosci Ther 2015; 21:
357-66.

[10] Fan X, JiangY, Yu Z, Yuan J, Sun X, Xiang S, Lo
EH, Wang X. Combination approaches to at-
tenuate hemorrhagic transformation after tPA
thrombolytic therapy in patients with post-

Int J Clin Exp Pathol 2016;9(12):12197-12207


mailto:yifengduzxc@sina.com
mailto:yifengduzxc@sina.com

[11]

[12]

[13]

(14]

[15]

[16]

Oxidative stress in brain hemorrhage

stroke hyperglycemia/diabetes. Adv Pharmacol
2014; 71: 391-410.

Qin J, Song B, Zhang H, Wang Y, Wang N, Ji Y, Qi
J, Chandra A, Yang B, Zhang Y, Gong G, Xu Y.
Transplantation of human neuro-epithelial-like
stem cells derived from induced pluripotent
stem cells improves neurological function in
rats with experimental intracerebral hemor-
rhage. Neurosci Lett 2013; 548: 95-100.

Li J, Cai D, Yao X, Zhang Y, Chen L, Jing P, Wang
L, Wang Y. Protective Effect of Ginsenoside
Rg1 on Hematopoietic Stem/Progenitor Cells
through Attenuating Oxidative Stress and the
Wnt/beta-Catenin Signaling Pathway in a
Mouse Model of d-Galactose-induced Aging.
Int J Mol Sci 2016; 17.

Marinkovic |, Strbian D, Mattila OS, Abo-
Ramadan U, Tatlisumak T. A novel combined
model of intracerebral and intraventricular
hemorrhage using autologous blood-injection
in rats. Neuroscience 2014; 272: 286-94.

Du Q, Yu WH, Dong XQ, Yang DB, Shen YF,
Wang H, Jiang L, Du YF, Zhang ZY, Zhu Q,
Che ZH, Liu QJ. Plasma 8-iso-Prostaglandin
F2alpha concentrations and outcomes after
acute intracerebral hemorrhage. Clin Chim
Acta 2014; 437: 141-6.

Chen-Roetling J, Cai Y, Regan RF. Neuropro-
tective effect of heme oxygenase-2 knockout
in the blood injection model of intracerebral
hemorrhage. BMC Res Notes 2014; 7: 561.
Ueda Y, Masuda T, Ishida A, Misumi S, Shimizu
Y, Jung CG, Hida H. Enhanced electrical re-
sponsiveness in the cerebral cortex with oral
melatonin administration after a small hemor-
rhage near the internal capsule in rats. J
Neurosci Res 2014; 92: 1499-508.

12207

[17]

(18]

[19]

[20]

[21]

[22]

Ren C, Guingab-Cagmat J, Kobeissy F, Zoltewicz
S, Mondello S, Gao M, Hafeez A, Li N, Geng X,
Larner SF, Anagli J, Hayes RL, Ji X, Ding Y. A
neuroproteomic and systems biology analysis
of rat brain post intracerebral hemorrhagic
stroke. Brain Res Bull 2014; 102: 46-56.
Wakai T, Sakata H, Narasimhan P, Yoshioka H,
Kinouchi H, Chan PH. Transplantation of neu-
ral stem cells that overexpress SOD1 enhanc-
es amelioration of intracerebral hemorrhage in
mice. J Cereb Blood Flow Metab 2014; 34:
441-9.

Llombart V, Dominguez C, Bustamante A,
Rodriguez-Sureda V, Martin-Gallan P, Vilches A,
Garcia-Berrocoso T, Penalba A, Hernandez-
Guillamon M, Rubiera M, Ribé M, Eschenfelder
C, Giralt D, Molina CA, Alvarez-Sabin J, Rosell
A, Montaner J. Fluorescent molecular peroxi-
dation products: a prognostic biomarker of
early neurologic deterioration after thromboly-
sis. Stroke 2014, 45: 432-7.

Soejima Y, Hu Q, Krafft PR, Fujii M, Tang J,
Zhang JH. Hyperbaric oxygen preconditioning
attenuates hyperglycemia-enhanced hemor-
rhagic transformation by inhibiting matrix me-
talloproteinases in focal cerebral ischemia in
rats. Exp Neurol 2013; 247: 737-43.

Shang H, Yang D, Zhang W, Li T, Ren X, Wang X,
Zhao W. Time course of Keapl-Nrf2 pathway
expression after experimental intracerebral
haemorrhage: correlation with brain oedema
and neurological deficit. Free Radic Res 2013;
47: 368-75.

Burdo J, Schubert D and Maher P. Glutathione
production is regulated via distinct pathways in
stressed and non-stressed cortical neurons.
Brain Res 2008; 1189: 12-22.

Int J Clin Exp Pathol 2016;9(12):12197-12207



