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Abstract: It is well demonstrated that the high mobility group box 1 (HMGB1) mediated inflammation has been impli-
cated as one of the important causes for brain damage induced by cerebral ischemia/reperfusion (I/R). In the pres-
ent study, we assessed the neuro-protective and anti-inflammation effects of the ethanol extracts from Portulaca
oleracea L. (EEPO) against cerebral I/R injury in the rat transient middle cerebral artery occlusion (tMCAO) model.
Rats were administrated with their respective treatment for 7 days before the MCA occlusion. After that, rats were
intraperitoneal injection with chloral hydrate and sacrificed by decapitation, then the serum and brain tissue were
collected. The neurological deficit score, infarct size and brain edema were tested. The levels of serum cytokine as
TNF-a, IL-1B, INF-y, IL.-6, and HMGB1 and LDH were detected. The protein level of tissue or nucleus HMGB1, IkB and
p-p65 were tested, too. The results showed that pretreatment with EEPO significantly decreased the neurological
deficit score, infarct size and brain edema. Moreover, EEPO decreased rat serum cytokine level and rat right cortices
p-p65 and IkB protein level. In conclusion all these results suggested that pretreatment with EEFPO provided signifi-
cant protection against cerebral I/R injury in rats might by virtue of its anti-inflammation property through inhibition
of increase of neuleus HMGB1.
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Introduction cell death [3]. It has been found that inflamma-

tory reaction accompanying brain injury is most-

Cerebral I/R is characterized by an initial
restriction of blood supply to the brain, followed
by subsequent restoration of blood flow and
concomitant reoxygenation [1, 2]. Cerebral I/R
induced cerebrovascular dysfunction is thought
to be an important contributor to neurological
damage in diseases such as ischemia stroke.
So, itis significant to find effective measures to
prevent the injury induced by cerebral I/R for
prevention of ischemia stroke.

Increasing evidence supports the idea that
inflammation is detrimental in ischemia-reper-
fusion induced injury. As in stroke, inflammato-
ry cascades are triggered by cerebral ischemia-
reperfusion and subsequently influence sec-
ondary brain injury due to cytotoxic neuronal

ly dependent on Toll-like receptor (TLR) 2 and
TLR4. The endogenous TLR ligand, high mobility
group box 1 (HMGB1), is involved in the activa-
tion of inflammatory cytokine expression in infil-
trating macrophages.

HMGB1, a well-known damage-associated mo-
lecular pattern molecule, was first described as
a non-histone chromosomal protein with high
electrophoretic mobility and was found to stim-
ulate inflammatory response and activate mac-
rophages upon release into the extracellular
milieu from necrotic cells [4-7]. In another study,
HMGB1 was released and exacerbated neuro-
nal damage by triggering inflammatory process-
es during N-methyl-D-aspartate (NMDA)-indu-
ced acute damage in the post-ischemic brain
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[6, 7]. Consistently, administration of HMGB1
monoclonal antibody suppressed infarct forma-
tion and protected the blood-brain barrier in
the post-ischemic brain [8, 9]. Furthermore,
both siRNA-mediated HMGB1 knockdown and
HMGB1 A box-mediated HMGB1 inhibition ma-
rkedly reduced brain infarct volume in a rat
middle cerebral artery occlusion (MCAO) model
[10-12]. Mechanically, HMGB1 release resulted
in activation of nuclear factor kappa B (NF-«kB),
a transcription factor often leads to the up-reg-
ulation of pro-inflammatory cytokines, chemo-
kines and adhesion molecules and intensifies
cellular oxidative stress [13-17]. It is reason-
able that reducing of HMGB1 can inhibit NF-kB
activation. So, to decrease the extracellular
level of HMGB1 and subsequently inhibit inflam-
matory necrotic cells, reactive oxygen species
(ROS) and inflammatory cytokines activity
remains an important potent method for effec-
tive treatment of brain I/R injury.

Portulaca oleracea L. is a warm-climate annual
with a cosmopolitan distribution. A wide range
of pharmacological effects of Portulaca olera-
cea L., such as antibacterial, analgesic, anti-
inflammatory and wound-healing activities,
have been reported [18, 19]. In our previous
study we found that mice pretreated with the
ethanol extracts from Portulaca oleracea L.
(EEPO) for one week showed decreased hypox-
ia induced brain damage [20, 21]. Based on all
these mentioned above, we speculated wheth-
er EEPO could reduce the brain ischemia reper-
fusion injury. Studies on this question might
provide a new candidate for prevention or treat-
ment of cerebral I/R injury.

In present experiments, using the rat transient
middle cerebral artery occlusion (tMCAQO) mo-
del, we demonstrated the protective effects of
EEPO against cerebral I/R injury as EEPO pre-
treatment significantly reduced cerebral injury,
improved recovery of neurological function and
reduced brain tissue water content. The results
of mechanism research showed that EEPO pre-
administration significantly decreased the rat
serum HMGBA1 level in a time-dependent man-
ner and down regulated the expression of
inflammatory cytokine. In addition, EEPO pre-
treatment attenuated the increase of nucleus
p-P65 and degradation of cytoplasm IkB, indi-
cating inhibition of HMGB1 release and follow-
ing activation of inflammation response might
be involved in the neuro-protective effects of
EEPO against cerebral I/R injury.

5017

Material and methods
Animals

This study has been approved by the Ethics
Committee of The First Affiliated Hospital of
Bengbu Medical College. Male Sprague-Dawley
rats (weight 220+10 g) were provided by the
Research Animal Center of the Second Military
Medical University. Rats were housed with food
and water ad libitum. All of the procedures were
performed under the National Institutes of
Health (NIH) Guide for the Care and Use of
Laboratory Animals (NIH publication No. 80-23),
and all the experiments were carried out with
the approval of the Experimental Animal Ad-
ministration Committee of the Second Military
Medical University.

Induction of cerebral ischemia

Animals were fasted overnight but allowed free
access to water before surgical procedure. A
heating lamp and a heating pad were used to
maintain the rat rectal temperature between
36.5°C and 37.5°C. Through a ventral midline
incision, the right common carotid artery, inter-
nal carotid artery, and external carotid artery
were surgically exposed. The external carotid
artery was then isolated and coagulated. A 6-0
nylon suture with silicon coating (Doccol
Corporation, Redlands, USA) was inserted into
the internal carotid artery through the external
carotid artery stump and gently advanced to
occlude the middle cerebral artery. One hour
after of MCA occlusion (MCAO), the suture was
carefully removed to restore blood flow (reper-
fusion), the neck incision was closed, and the
rats were allowed to recover [22]. Animal body
temperature was carefully monitored during
the post-operation period and until the com-
plete recovery of the animal from the anesthet-
ic. Animals were housed individually with free
access to food and water throughout the
experiment.

Evaluation of cerebral infarct and edema

Twenty-four hours after reperfusion, some ani-
mals were anesthetized with intraperitoneal
(i.p.) injection of 4% choral hydrate, brains were
dissected and sliced onto a plastic module
(Harvard Apparatus, Holliston, USA), sections of
1.5 mm thickness were made and stained with
2% 2,3,5-triphenyltetrazolium chloride (TTC) for
30 min at 37°C and then fixed with 4%
paraformaldehyde.
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Figure 1. The EEPO decreased rat cerebral ischemia-reperfusion injury. The male Sprague-Dawley rats were pre-
treated with phosphate PBS or different dose of EEPO (50, 100 and 200 mg/kg body weight defined as I-EEPO,
m-EEPO and H-EEPO, respectively) once a day for seven days. one hour after the last administration, all rats were
occluded the middle cerebral artery (MCA occlusion, MCAO) and after one hour all rats were carefully restored blood
flow for 24 hours and used for experiments. The untreated rats which operated same as MACO group but not oc-
cluded the middle cerebral artery used as SAM group. Rats were sacrificed after over dose of chloral hydrate. The
water level of rat brain tissue (A), the serum lactate dehydrogenase (LDH) (B) and the neurologic deficits (C) were de-
termined (n=5, *P<0.05 vs PBS gourp). The represent pictures of the infarct area of brain tissue were shown in (D).

Some animals were anesthetized with intraper-
itoneal (i.p.) injection of 4% choral hydrate, br
ains were quantified with electronic scale (wet
weight) and dried to constant weight (dry
weight) at 105°C in a desiccating oven. The to-
tal brain water was calculated using the formu-
la [(wet weight-dry weight)/wet weight]*100%
[23].

Evaluation of neurological function

The neurologic deficits were determined using
the Longa’s score [24] and were evaluated by
an examiner who were blinded to the animal
group and treatment to determine global neuro-
logical function according to the following scor-
ing system: 0, no deficit; 1, forelimb flexion; 2,
decreased resistance to lateral push; 3, unidi-

5018

rectional circling; 4, longitudinal spinning; and
5, no movement.

Plant materials

The preparation of plan materials were as previ-
ously described [21]. Briefly, the powdered aer-
ial parts of PO were refluxed with 80% ethanol
solution for one hour. The extract was concen-
trated under reduced pressure and then centri-
fuged at 5000 rpm for 4 min. The precipitation
part was used as testing materials.

Animal treatment with EEPO

The male Sprague-Dawley rats were pretreated
with phosphate PBS or different dose of EEPO
(50, 100 and 200 mg/kg body weight defined
as I-EEPO, m-EEPO and H-EEPO, respectively)

Am J Transl Res 2016;8(11):5016-5024
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Figure 2. The EEPO reduced the increase of serum cytokines increase. The male Sprague-Dawley rats were pretreat-
ed with phosphate PBS or different dose of EEPO (50, 100 and 200 mg/kg body weight defined as I-EEPO, m-EEPO
and H-EEPO, respectively) once a day for seven days, one hour after the last administration, all rats were occluded
the middle cerebral artery (MCA occlusion, MCAO) and after one hour all rats were carefully restored blood flow for
24 hours and used for experiments. The untreated rats which operated same as MACO group but not occluded the
middle cerebral artery used as SAM group. Rats were sacrificed after over dose of chloral hydrate. The serum level
of cytokines including as TNF-a (A), IL-6 (B), IL-1B (C) and INF-y (D) were detected tested (n=5, *P<0.05, **P<0.01,

vs PBS group).

once a day for seven days, one hour after the
last administration, the animals were operated
as described for following experiments.

Measurement of serum IL-13, IL-6, TNF-a and
INF-y

Serum IL-1B, IL-6, TNF-a and INF-y were asse-
ssed using commercial ELISA kits as described
by the manufacturer (eBIOSCIENCE, San Diego,
USA). Results were expressed in pg/ml for
IL-1B, IL-6, and TNF-&, and yg/ml for INF-y.

Western blotting analysis of p-p65, and IkB
protein expression level

Expression of p-p65, and IkB were investigated
by western blotting analysis. Protein was ex-
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tracted in RIPA buffer with protease inhibitor
(complete protease inhibitor cocktail, Roche),
and protein concentration was determined by a
BCA protein assay kit (Beyotime Institute of
Biotechnology, Nantong, China), equal amount
of proteins (40 pg) were resolved by using 10%
SDS-PAGE, which were then transferred to
nitrocellulose membranes. The blots were
blocked with 2% BSA, 0.1% Tween-20 in Tris-
NaCl buffer for one hour, and were incubated
overnight at 4°C with the primary antibody
(Santa Cruz Biotechnology Inc) at a dilution of
1:500~1:1000. After extensive washing, the
blots were incubated with the secondary horse-
radish peroxidase-conjugated antibody (Santa
Cruz Biotechnology Inc, 1:1000) for 2 hours at
37°C. Immunoreactive bands were visualized

Am J Transl Res 2016;8(11):5016-5024
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Figure 3. The EEPO attenuated increase of nucle-
us P65 and cytoplasm IkB degradation. The male
Sprague-Dawley rats were pretreated with phos-
phate PBS or different dose of EEPO (50, 100 and
200 mg/kg body weight defined as I-EEPO, m-EEPO
and H-EEPO, respectively) once a day for seven days,
one hour after the last administration, all rats were
occluded the middle cerebral artery (MCA occlusion,
MCAOQ) and after one hour all rats were carefully re-
stored blood flow for 24 hours and used for experi-
ments. The untreated rats which operated same as
MACO group but not occluded the middle cerebral
artery used as SAM group. Rats were sacrificed af-
ter over dose of chloral hydrate. The opposite side
cortices were used and the cytoplasm IkB level (A)
and nucleus p-P65 (B) level were assessed (n=4,
*P<0.05, **P<0.01 vs PBS group).

using an enhanced chemiluminescence detec-
tion system (Amersham Life Science, Arlington
Heights, IL). The B-actin expression was used
as loading control.

Statistical analysis

Data were presented as means + S.E.M. When
the variance was equal, the data were com-
pared using the independent t-test. When the
variance was unequal, the data were compared
by Welch’s test. Multiple group comparisons for
the infarct volumes and protein levels were per-
formed by one-way analysis of variance (ANO-
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VA), followed by Turkey’s test. P<0.05 was con-
sidered statistically significant.

Results

EEPO decreased ischemia-reperfusion in-
duced rat cerebral injury

After ischemia-reperfusion, brain tissues cha-
nged edema and the brain water content
increased. The results showed that brain water
content was significantly reduced in EEPO
administrated mice compared with those in
control mice (Figure 1A). Twenty-four hours
after MCAQ, the serum lactate dehydrogenase
(LDH) level in EEPO administrated mice was sig-
nificantly decreased compared with that in con-
trol mice (Figure 1B). The Longa’s score assess-
ing global neurological function was significant-
ly better in EEPO administrated mice than that
in control mice at 24 h after MCAO (Figure 1C).
Furthermore, TTC staining results showed that
EEPO pretreatment decreased the infarct size
(Figure 1D).

EEPO reduced the increase of inflammatory
cytokines in serum

ELISA results showed that administration of
EEPO attenuated the increase of serum cyto-
kine including TNF-a (Figure 2A), IL-6 (Figure
2B), IL-1p (Figure 2C) and INF-y (Figure 2D) in a
dose dependent manner.

EEPO attenuated increase of nucleus phos-
phorylated P65 and degradation of cytoplasm
IkB

Using western blotting, we tested the level of
p-p65 in nucleus and IkB in cytoplasm. The
results showed that cerebral I/R significantly
increased the nucleus level of p-P65 and
decreased the cytoplasm level of IkB in control
group, while pretreatment of EEPO significantly
attenuated the increase of nucleus p-P65 level
(Figure 3A) and decrease of cytoplasm IkB level
(Figure 3B) in a dose dependent manner.

EEPO inhibited HMGB1 release

With western blot, our results (Figure 4A)
showed that cerebral I/R induced the release
of HMGB1 from the nucleus. Twenty-four hours
after MCAO, the level of cortices nucleus
HMGB1 of PBS group decreased about 77.5%

Am J Transl Res 2016;8(11):5016-5024
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Figure 4. The EEPO inhibited HMGB1 release. The
male Sprague-Dawley rats were pretreated with
phosphate PBS or different dose of EEPO (50, 100
and 200 mg/kg body weight defined as I-EEPO, m-
EEPO and H-EEPO, respectively) once a day for sev-
en days, one hour after the last administration, all
rats were occluded the middle cerebral artery (MCA
occlusion, MCAQO) and after one hour all rats were
carefully restored blood flow for 24 hours and used
for experiments. The untreated rats which operated
same as MACO group but not occluded the middle
cerebral artery used as SAM group. Rats were sac-
rificed after over dose of chloral hydrate. The serum
level of HMGB1 (A) were tested (n=5, *P<0.05,
**P<0.01, vs PBS group). In another experiments,
the male Sprague-Dawley rats were pretreated with
phosphate PBS or 100 mg/kg body weight once a
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day for seven days, one hour after the last admin-
istration, all rats were occluded the middle cerebral
artery (MCA occlusion, MCAO) for one hour or reper-
fusion for three hour, six hour, 12 hour or 24 hour,
rats were sacrificed at indicated time and the serum
level of HMGB1 (B) and lactate dehydrogenase (LDH)
(C) were tested (n=5, *P<0.05, **P<0.01, vs PBS
group).

of that of SAM group. EEPO pretreatment sig-
nificantly attenuated the decrease of HMGB1
level (63.8%, 56.1% and 42.5% in I-EEPO,
m-EEPO and h-EEPO group, respectively). In
addition, EEPO pretreatment decreased the
level of HMGBL1 release into serum during the
reperfusion process (Figure 4B) and reduced
the release of LDH (Figure 4C), which indicating
the neuro-injury induced by cerebral I/R. All
these results suggested that EEPO decrease
the cerebral I/R induced neuro-damage by inhi-
bition of HMGBL1 release.

Discussion

In present study, using MCAO, a classical model
of cerebral ischemia reperfusion, we demon-
strated the protective effects of EEPO against
I/R induced cerebral injury. EEPO pre-adminis-
tration significantly reduced cerebral injury,
improved recovery of neurological function and
reduced brain tissue water content. Further
study showed that EEPO pre-administration sig-
nificantly decreased the rat serum HMGB1
level in a time-dependent manner and down
regulated the expression of inflammatory cyto-
kine. In addition, EEPO pretreatment attenuat-
ed the increase of nucleus p-P65 and degrada-
tion of cytoplasm IkB.

Cerebral I/R injury produces core infarct tissue
and further brings damage to the surrounding
tissue, the peri-infarct region, through activa-
tion of secondary inflammatory and neurode-
generative cascades [12]. Cerebral I/R injury
can cause brain edema and neurological defi-
cit, which is accompanied with serum LDH
increase [25]. It has been demonstrated that
EEPO had anti inflammation and anti hypoxia
function [21]. So, we test whether EEPO had
protective effects against cerebral I/R injury.
The results showed that EEPO significantly
decreased the brain water content (Figure 1A),
reduced infarct area (Figure 1D) and attenuat-
ed the decease of the rat motor-neuro function
(Figure 1C). All these results indicated the sig-

Am J Transl Res 2016;8(11):5016-5024
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nificant neuro protective effects of EEPO
against cerebral I/R injury.

It has been reported that inflammation plays a
vital role in the pathogenesis of cerebral I/R
injury [26, 27] and inflammatory and immuno-
logical reactions are involved in the pathogen-
esis of cerebral ischemia following blood reper-
fusion to the surrounding tissue [28]. In this
way, the inhibition of inflammatory cytokine
activities at the early stage of ischemia might
constitute an attractive therapeutic strategy.
Based on the anti inflammation and anti hypox-
ia function of EEPO, we further tested the effect
of EEPO on inflammation reaction during I/R
induced brain injury. As expected, the results
demonstrated that pretreatment of EEPO atten-
uated the increase of serum TNF-a (Figure 2A),
IL-6 (Figure 2B), IL-13 (Figure 2C) and INF-y
(Figure 2D) in a dose-dependent manner.

It has been found that cerebral I/R injury result-
ed in IkB-a degradation, which then increased
nucleus p-P65, activated nuclear factor kB (NF-
KB), and stimulated subsequent cytokines pro-
duction [29-31]. Consistent with these results,
in our study cerebral I/R also increased the
nucleus level of p-P65 and decreased the cyto-
plasm level of IkB in control group, whereas
pretreatment of EEPO significantly attenuated
the increase of nucleus p-P65 level (Figure 3A)
and decrease of cytoplasm IkB level (Figure 3B)
in a dose dependent manner, indicating that
inhibition of the activation of NF-kB may be
involved the function of EEPO.

Necrotic cell death lead to the damage of cel-
lular membrane and resulted in passive leak-
age of HMGB1 from the impaired cells. After
being released extracellularly, HMGB1 then
activated immune-related cells and evoked
inflammatory reactions [32, 33], which further
lead to activation of the transcription NF-kB.
Based on these data and our results, we
hypothesized that EEPO might inhibit HMGB1
release to inhibit the inflammation. The west-
ern blotting results showed that 24 hours after
MCAOQ, the nucleus HMGB1 level was increased
in EEPO group compared to that of PBS group in
a dose-dependent manner (Figure 4A), indicat-
ing the inhibition of HMGB1 release from nucle-
us by EEPO. At the same time, EEPO pretreat-
ment decreased the serum HMGB1 level at the
indicated time point (Figure 4B) and accompa-
ny with a delay of inhibition of EEPO on LDH
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release, which indicated the degree of neuro-
injury (Figure 4C). So these data demonstrated
our hypothesis that EEPO might inhibit HMGB1
release to inhibit the inflammation.

Conclusions

Collectively, our results demonstrated the pro-
tective effects of EEPO against cerebral I/R
injury and the effects were, at least partly,
associated with inhibition of HMGB1 release,
attenuation of NF-kB activation and the follow-
ing activation of inflammation response.
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