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Ethanol extract of Portulaca oleracea L. protects against hypoxia-induced neuro
damage through modulating endogenous erythropoietin expression
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Abstract

In addition to its role in erythropoiesis, erythropoietin is also appreciated for its neuroprotective effects, and it has been suggested for treatment of some
ischemic–hypoxic neurovascular diseases. The protective effects of endogenous erythropoietin in the brain give rise to the hypothesis that modulating
erythropoietin expression might be a better way for treatment of ischemia–hypoxia neurovascular diseases. We have found that ethanol extract of Portulaca
oleracea L. (EEPO) could increase erythropoietin expression in hypoxic mouse brain in our previous study. The present study is to investigate whether EEPO
exerts its neuroprotective effects against hypoxia injury through regulating endogenous erythropoietin expression. The results demonstrated that EEPO
decreased the serum neuron specific enolase level in hypoxia mice and the activity of caspase-3 in neuron, increased the neuron viability and attenuated the
pathological damages caused by the hypoxia condition. Importantly, we also found that EEPO stimulated the endogenous erythropoietin expression at both
mRNA and protein levels. Using the conditioned medium containing soluble erythropoietin receptor, we found that the neuroprotective effects of EEPO were
dependent, at least partly, on erythropoietin expression. Although EEPO did not affect transcription of hypoxia inducible factor-1α (HIF-1α), it did stabilize
expression of HIF-1α. It is concluded that EEPO has neuroprotective effects against hypoxia injury, which is at least partly through stimulating endogenous
erythropoietin expression by stabilizing HIF-1α.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Hypoxia is defined as a state in which oxygen is reduced in tissues
of the body, and it has been associated with the pathology of acute
mountain sickness, cardiovascular diseases and stroke, the leading
causes of death in many countries [1]. The mammalian brain is
exquisitely sensitive to neuronal damage caused by hypoxia. Among
the cerebral neurons, pyramidal cells of the CA1 region are most
vulnerable to hypoxia [2]. Death of neurons following hypoxia can
result in a variety of neurological dysfunction. Therefore, increasingly
more studies have been focusing on antihypoxic drugs. Identifying
novel cellular pathways activated under hypoxia neuronal environ-
ments will cast new lights on the therapeutic strategies against
hypoxia neurological diseases.

Erythropoietin (EPO) is mainly involved in stimulating erythroid
cell production by supporting the survival, proliferation and differ-
entiation of erythroid progenitor cells [3]. Studies found that, in
addition to hematopoietic cells, other cell types including endothelial
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and neuronal cells also express erythropoietin receptor (EPO-R) and
participate in EPO response [4,5]. It has been widely demonstrated
that EPO was produced in brain by astrocytes and neurons and that
the endogenous EPO in the brain had neuroprotective effects [6,7].
Recently, EPO has been suggested for clinical treatment of many
ischemic–hypoxic cardiovascular and neurovascular diseases, al-
though some studies found that it may have negative effect on
patients with acute stroke [8–10]; all these indicate that modulating
the expression of EPO might be a potential way for treatment of
ischemia–hypoxia neurovascular diseases.

The Portulaca oleracea L. (PO) is a warm-climate annual with a
cosmopolitan distribution. It is known as a “vegetable for long life” in
Chinese folklore and is sold in shops as a vegetable in the United Arab
Emirates and Oman [11–13]. Portulaca oleracea L. is also widely used
as a traditional Chinese herbal medicine; the leaves and seeds of PO
are eaten or applied topically to soothe skin [14]. A wide range of
other pharmacological effects of PO, such as antibacterial, analgesic,
anti-inflammatory and wound-healing activities, have also been
reported [11–16]. Recently a neuropharmacological study by Zhang
et al. [17] further confirmed the neuroprotective effect of PO. When
searching for promising antihypoxic drugs, we noticed that ethanol
extract of PO (EEPO) exhibited potent antihypoxic properties and that
it increases EPO expression in the brain of hypoxia mice [18,19].
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Therefore, the aim of the present study is to understand whether the
neuroprotective effects of EEPO under hypoxia condition involves
the endogenous EPO expression.

In the present study, we investigated the hypoxia neuroprotec-
tive effects of EEPO and its effect on the EPO expression. Further-
more, we studied the possible mechanism by which EEPO modulates
EPO expression. Our results demonstrated that EEPO had neuropro-
tective effects under hypoxia condition and that it increased neuro-
nal EPO expression, possibly through stabilizing the hypoxia inducible
factor-1α (HIF-1α) under hypoxia condition, which further indi-
cates that PO may be used for treatment of ischemic–hypoxic
neurovascular diseases.

2. Materials and methods

2.1. Chemicals

Neurobasal/B-27, horse serum and fetal calf serum were obtained from Invitrogen
(Carlsbad, CA, USA). Cultures dishes were obtained from TPP or Falcon. Hoechst33342
was obtained from Molecular Probes (Eugene, OR, USA). Soluble EPO-R was obtained
from R&D Systems Inc. (Minneapolis, MN, USA). All other reagents were from Sigma-
Aldrich (St. Louis, MO, USA) or Calbiochem (Merck KGaA, Darmstadt, Germany).

2.2. Plant materials

The aerial parts of POwere collected in Henan province, China, in October 2006 and
authenticated by Prof. Zheng Han-chen. A voucher specimen has been deposited in the
Department of Traditional Chinese Medicine, Second Military Medical University
(20090829). The powdered aerial parts of PO (40 kg) were refluxed with 80% ethanol
solution twice, each time for 1 h. The extract was concentrated under reduced pressure
to 80 L and then centrifuged at 5000 rpm for 4 min, and the precipitation part (241.3 g)
was used as test material.

2.3. Experimental animals and treatment

All animal procedures were done strictly in accordance with the international
ethical guidelines and the National Institutes of Health's Guide for the Care and Use of
Laboratory Animals, and all the experiments were carried out with the approval of the
Experimental Animal Administration Committee of the Second Military Medical
University. Experimental groups consisted of 10 ICR mice (18–22 g) per group. They
were housed at 24°C±1°C under a 12-h light/12-h dark cycle with free access to
standard pellet diet and tap water. After 2 days' adaptation, the mice were divided into
control group, 6-h hypoxia exposure group, 12-h hypoxia exposure group and 24-h
hypoxia exposure group. Each group was subdivided into distilled water group,
low-dose EEPO group, medium-dose EEPO group and high-dose EEPO group; the mice
were orally administrated with distilled water or with 0.5, 1, or 2 mg/kg (body weight)
EEPO in 0.5 ml distilled water every day for 7 days. One hour after the last drug
administration, mice in the hypoxia exposure groups were subjected to normobaric
low oxygen environment (10% oxygen and 90% nitrogen) for 6, 12 or 24 h. Mice in the
control group were sacrificed 1 h after the last drug administration, and those in the
hypoxia exposure groups were sacrificed immediately after hypoxia administration;
their cortices and serum were collected for analysis.

2.4. Cell preparation and treatment

The cerebral cortices were isolated from 1-day-old ICR mice with 0.25% trypsin in
Hank's balanced salt solution. The primary cultured cortical neurons were plated into
in a poly-L-lysine-coated six-well plates at a density of about 3×106 cells/ml. Cells were
maintained in Neurobasal/B27 (Invitrogen) medium under a humidified atmosphere of
95% air and 5% CO2 at 37°C. Experiments were carried out with neurons cultured for
12–14 days. The cells were characterized by neuron specific enolase (NSE) staining and
observation under microscope (supplement data 2 and 3). The results showed that
more than 90% cells were NSE-positive cells, and they were used for later experiments.
SK-N-SH cell line was obtained from American Type Culture Collection (Manassas, VA,
USA). Cells were grown in Dulbecco's modified Eagle's medium (DMEM) (GiBco BRL,
Life Technologies) containing 10% fetal bovine serum.

2.5. Preparation of conditioned culture medium

The conditioned culture medium (CCM) was prepared as described by Ruscher
et al. [20] with some modification. After the neurons were cultured for 13 days, equal
volumes of EEPO (100 μg/ml) and DMSO were added at the beginning of hypoxia
exposure. One hour later, the neurons were returned to the normal condition and kept
for 6 h; then the culture medium was collected for later use (designated CCM-DMSO
and CCM-EEPO, respectively). The blank culture media (BCM) were those with DMSO
(BCM-DMSO) and with EEPO (BCM-EEPO) in the empty wells receiving the same
treatment as for preparation of CCM. In order to understand whether the
neuroprotective effect of CCM is associated with EPO, different concentrations of
soluble EPO-R were added into CCM, and then the cell viability was examined.

2.6. Cell viability assay

Cell Counting Kit-8 (CCK-8, Dojindo, Japan) was used to determine the cell viability
in different groups. Briefly, the culture medium was discarded, and the test solution of
the kit (100 μl in 900 μl of DMEM) was added to each well. Plates were incubated at
37°C for another 2 h, and the absorbance at 450 nm was measured by a microplate
reader (Synergy 2 BioTek instruments Inc., WI, USA).

2.7. Cell apoptosis examination

Apoptotic cells were quantified by Hoechst33258 staining as described above. Cells
with condensed and/or fragmented chromatin were considered apoptotic and counted
from at least three independent experiments. At least 1000 cells were individually
examined in three or more culture wells for each experimental condition by a
researcher whowas blind to the experiment design. The typical morphological changes
in apoptotic cell nuclei were analyzed by fluorescencemicroscopy with the nuclear dye
Hoechst33342. Cells were fixed in ice-cold 4% paraformaldehyde/phosphate-buffered
saline (PBS) for 15 min, washed twice in PBS and then incubated for 5 min at room
temperature with 1 μM Hoechst33342. After washing, cells were viewed for nuclear
chromatin morphology in a Leica DMRB microscope.

2.8. Cells transfection and luciferase assays

SK-N-SH cells were grown in DMEM with 10% fetal bovine serum supplemented
with 100 U/ml penicillin and 100 μg/ml streptomycin. Cells were co-transfected with
the mixture of indicated luciferase reporter plasmids; HRE-luciferase (Plasmid 26731,
Addgene) and control reporter vector pRL-TK were used to co-transfect SK-N-SH cells.
HRE-luciferase was composed of three hypoxia response elements (24-mers) from the
Pgk-1 gene upstream of firefly luciferase. After treatment, the cells were lysed, and
luciferase activity (which indicated the transcription activity of HIF-1) was assayed
using the Dual-Luciferase Reporter Assay System (Promega) according to the
manufacturer's recommendations.

2.9. Activity of caspase-3

The activity of caspase-3 was measured using the colorimetric assay system
(Promega, Madison, WI, USA) according to the manufacturer's instructions. Briefly,
cells were harvested and resuspended in cell lysis buffer (108 cells/ml). After being
lysed, 106 cells were mixed with 32 μl of assay buffer and 2 μl of 10 mM Ac-DEVD-pNA
substrate. After incubation at 37°C for 4 h, absorbance was measured using a
microplate reader (Bio-Rad) at 405 nm. Absorbance of each sample was determined by
subtraction of the mean absorbance of the blank from that of the sample and corrected
by the protein concentration of the cell lysate. The results were described as relative
absorbance to that of control group.

2.10. Enzyme-linked immunosorbent assay

The concentrations of serumNSE and EPO in the culture supernatant were assessed
using commercially available enzyme-linked immunosorbent assay (ELISA) kits (R&D
Systems Inc., USA), with the absorbance read on a microplate reader (Bio-Rad) at a
wavelength of 450 nm. The NSE and EPO concentrations of each group were
normalized and described as the relative absorbance to that of control group.

2.11. Western blotting analysis of protein expression

Expressions of HIF-1α and EPO proteins were investigated by Western blotting
analysis. The protein was lysed in phosphate extraction buffer, and the protein
concentration was determined by a BCA protein assay kit (Beyotime Institute of
Biotechnology, Nantong China). Equal amounts of proteins (40 μg) were resolved by
using sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred
to nitrocellulose membranes. The blots were blocked with 2% bovine serum albumin
and 0.1% Tween 20 in Tris–NaCl buffer for 1 h and incubated overnight at 4°C with the
first antibody (Santa Cruz Biotechnology Inc.) at a dilution of 1:500. After extensive
washing, the blots were incubated with the secondary horseradish-peroxidase-
conjugated antibody (Santa Cruz Biotechnology Inc., 1:1000) for 2 h at 37°C.
Immunoreactive bands were visualized by using an enhanced chemiluminescence
detection system (Amersham Life Science, Arlington Heights, IL, USA). The GAPDH
expression was used as loading control.

2.12. Real-time polymerase chain reaction for gene expression

Total RNA was extracted from neurons with the TRIzol reagent according to the
recommendation of the manufacturer. Reverse transcription (RT) of RNA to cDNA was
done using equal amount of total RNA by using a TaKaRa mRNA selective polymerase
chain reaction (PCR) kit. The mixture was incubated at 40°C for 30 min, followed by



Fig. 1. Protective effects of EEPO on hypoxia mouse brain. The EEPO attenuated the
histological damages of hypoxia mouse brain (A) and decreased the NSE in mouse
serum (B). After hypoxia exposure for 24 h, more severe damage (un-uniform staining
for cell swelling indicated by arrow and cell lost indicated by arrowhead) of the deep
cerebral white matter near the CA2 region was found in the control group (A-a)
compared with that in the h-EEPO group (A-b). In the control group, the cells in the
CA2 region were aligned irregularly and stained slightly (A-c), and in the h-EEPO
group, the cells were aligned regularly and stained moderately (A-d). The doses of
EEPO in l-EEPO, m-EEPO and h-EEPO groups were 0.5, 1 and 2 mg/kg (body weight),
respectively. Original magnification ×100 for hematoxylin and eosin staining and
Nissl's staining panels. *Pb.05 compared with the control group using the same doses of
EEPO; n=8∼10.
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incubation at 85°C for 7 min. Subsequently, cDNA was quantified in duplicate on a
Rotor-Gene RG3000 (Corbett Research, Sydney, Australia) using a SYBR green Premix
Ex Taq kit (TaKaRa, Japan) according to the manufacturer's instructions. The primers
used were as follows: VEGF forward 5′-CAAGATCCGCAGACGTGTAA-3′, reverse 5′-
CGCCTTGGCTTGTCACAT-3′;GLUT-1 forward 5′-TATTGCTGTGGCTGGCTTCT-3′, reverse
5′-GCCTTTGGTCTCAGGGACTT-3′; EPO forward 5′-ACTCTCCTTGCTACTGATTCCT-3′,
reverse 5′-ATCGTGACATTTTCTGCCTCC-3′; β-actin forward 5′-TGAGGAG-
CACCCTGTGCT-3′+, reverse 5′-CCAGAGGCATACAGGGAC-3′ and HIF-1α forward 5′-
ATTGAACGGAGCAAAAGACTATTAT-3′, reverse 5′-TTAACTTCACAATCGTAACTGGTCA-3′.
Specificity of amplification products was verified bymelting curve analysis and agarose
gel electrophoresis. Relative mRNA expression of the target gene was calculated with
the comparative CT method. The amount of target gene was normalized to that of the
endogenous β-actin.

2.13. Statistical analysis

All results were expressed as mean±S.D. Statistical analysis was carried out by
using SPSS 11.0. All values below the detection limits were set to zero in analyses. The
P values less than .05 were considered statistically significant.

3. Results

3.1. EEPO attenuated hypoxia-induced brain damage in mice

As shown in Fig. 1A-a, and Fig. 1A-c, hypoxia condition (10%
oxygen for 24 h) induced brain damages of mouse brain in control
groups, while EEPO treatment greatly protected themouse brain from
hypoxia damage (Fig. 1A-b and Fig. 1A-d). The ELISA showed that the
serum NSE level increased with the duration of hypoxia exposure in
the control group (Fig. 1B), and EEPO decreased the serum NSE level
in a concentration-dependent manner (Fig. 1B). Moreover, histopa-
thology evaluation results showed less brain damage in EEPO group
than that in the corresponding control group (supplement data 1).

3.2. EEPO protected primary cultured neurons from hypoxia exposure

Using CCK-8 assay, we measured cell viability and found that, in
the same hypoxia environment (1% O2 for 24 h), the cell viability was
increased in EEPO-treated groups in a dose-dependent manner
compared with that in the control group (Fig. 2A). As shown in
Fig. 2B and C, under normoxia condition, there were few cells with
densely stained nucleus by Hoechst33342 staining, a sign of
apoptosis, in the cultured neurons treated with DMSO (Fig. 2B-a)
and EEPO (Fig. 2B-c). After hypoxia exposure (1% oxygen for 24 h),
more apoptotic cells were found in the control group (Fig. 2B-b,
Fig. 2C) than in the EEPO group (Fig. 2B-d, Fig. 2C). Using special
substrate, we found that the caspase-3 activity was inhibited in
EEPO treatment neurons compared with control ones (Fig. 2D).

3.3. Protective effects of EEPO against hypoxia damage involved
endogenous EPO expression

Western blotting and real-time RT-PCR were used to examine the
effects of EEPO on the EPO mRNA and protein expression in cultured
neurons. The results showed that, after hypoxia exposure for 12 and
24 h, the mRNA and protein levels of EPO were increased compared
with those of normoxia condition (Fig. 3A and B). Compared with the
control group, EEPO enhanced the EPO mRNA at 12 and 24 h after
exposure to hypoxia (Fig. 3A). The EEPO also increased EPO protein
expression after hypoxia exposure (Fig. 3B).

To further test whether the protective effects of EEPO are
dependent on the endogenous EPO expression, we examined the
EPO level in CCM by ELISA. We found that the EPO level of CCM-EEPO
was about 1.62-fold of that in CCM-DMSO (Fig. 3C). Then, we changed
the neurons culture medium with CCM 1 h before the hypoxia
exposure. After hypoxia treatment, the culture medium was dis-
carded, and the cell viability was tested by CCK-8. The results showed
that the cell viability of the CCM-EEPO-treated group was higher than
that of the CCM-DMSO-treated ones (Fig. 3D). We also found that
sEPO-R, which can decrease the protective effect of exogenous EPO on
neurons, dose dependently decreased the cell viability in both CCM-
EEPO- and CCM-DMSO-treated neurons under the hypoxia condition
(Fig. 3D).

3.4. EEPO stabilized the HIF-1α protein level and enhanced its
transcription activity

Given that EPO is a target gene of HIF-1 and the HIF-1α is the main
regulating subunit of HIF-1, we investigated the effects of EEPO on
HIF-1α expression and the transcription activities of HIF-1. The real-
time PCR results showed that EEPO had no effect on HIF-1α mRNA
(data not show). Western blotting results demonstrated that,
compared with the corresponding control group, the EEPO enhanced
the HIF-1α protein expression in the cortices of hypoxia mice



Fig. 2. Protective effects of EEPO on hypoxia neurons. The EEPO increased the cell viability (A), decreased the apoptosis (B) and (C) and inhibited the caspase-3 activity (D). The end
concentrations of EEPO in the l-EEPO, m-EEPO and h-EEPO groups were 1, 10 and 100 μg/ml, respectively. Erythropoietin (end concentration was 50 U/ml) was used as positive control
(A: * Pb.05 compared with the normoxia control group, #Pb.05 compared with the hypoxia control group, n=6, at least in three independence experiments. B: representative pictures
of Hoechst33342 staining; original magnification ×100. C: the number of apoptotic cells/1000 cells in three wells, at least in three independence experiments. D: *Pb.05 comparedwith
the hypoxia control group, n=3, at least in three independence experiments).
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(Fig. 4A) and in the hypoxia neurons (Fig. 4B). In the HRE assay, we
found that EEPO enhanced the luciferase activity of HRE-luc in SK-N-
SH cells with and without cobalt chloride stimulation (Fig. 4C),
indicating that the EEPO promoted the transcription activity of HIF-1.
OurWestern blotting results also showed that the EEPO enhanced the
hif-1α protein expression in cultured neurons (Fig. 4D). Furthermore,
real-time PCR showed that EEPO enhanced the vegf and glucose
transpoter-1 expression (Fig. 4E and F); since both of them were
target genes of HIF-1, it further supported that EEPO could stimulate
the HIF-1 transcription activity.

4. Discussion

The aim of the present study is to test whether the neuroprotec-
tive effects of EEPO against hypoxia insult involved the endogenous
EPO expression and, if so, to explore the possible mechanisms. The
results demonstrated that the EEPO protected the neuronal cells from
hypoxia damage, at least partly, through increasing endogenous EPO
expression via stabilizing HIF-1α protein.

In addition to its pharmacological and folkloric actions, PO may
also help to reduce the risks of cancer and heart diseases [21]; this
might be due to the flavonoids, the biologically active constituents of
PO, which have been reported to have the following functions:
antioxidation, antibacteria, antivirus, antiulcerogenic, anti-inflamma-
tory, relieving cough and dispelling the phlegm [22]. Five flavonoids
were found in the PO ethanol extracts by capillary electrophoresis and
electrochemical detection methods [23]. Hypoxia can increase the
mitochondrial reactive oxygen species, which is the main inducer of
oxidative stress [24]. Oxidative stress plays an important role in the
hypoxia-induced damage. The antioxidation functions of flavonoids
have led to dense research in seeking antihypoxic drugs from natural
sources with high potency and low toxicity, such as ginseng and
gingko [25,26]. Our present study showed that EEPO decreased the
hypoxia-induced damage in mouse cortices (Fig. 1) and cultured
neurons (Fig. 2). Whether the neuroprotective effects were due to the
flavonoids needs further research.

The hypoxic response is a stress response triggered by low
ambient O2 [27]. Adaptation to hypoxia leads to changes of a series of
genes related to angiogenesis [28,29], iron metabolism [30], glucose
metabolism [31] and cell proliferation/survival [32]. Erythropoietin
expression is regulated mainly by hypoxia [33]. Erythropoietin, once
believed to be produced only by the adult kidney and fetal liver [34],
has also been found in astrocytes, in neurons [35] and in the brains of
rodents and primate [36]. Therefore, in addition to its functions in
erythropoiesis, EPO is also appreciated for its neuroprotective effects,
and many studies have shown the neuroprotective effect of

image of Fig. 2


Fig. 3. Neuroprotective effects of EEPO involved modulation of endogenous EPO expression. The EEPO increased the EPOmRNA (A) and protein (B) expression in hypoxia neurons (1%
oxygen). The EEPO increased the EPO level in the CCM (C). The CCM-EEPO protected hypoxia neurons bymodulating endogenous EPO expression (D). The end concentrations of sEPO-
R were 0.1 μg/ml (l-sEPO-R) or 0.5 μg/ml (h-sEPO-R). The end concentrations in the l-EEPO, m-EEPO and h-EEPO groups were 1, 10 and 100 μg/ml, respectively (A: *Pb.05 compared
with the normoxia control group receiving equal level of EEPO or DMSO. #Pb.05 compared with the control group with 12-h hypoxia exposure. &Pb.05 compared with the control
group with 24-h hypoxia exposure, n=3∼4. C: *Pb.05 compared with CCM-DMSO, n=4. D: *Pb.05 compared with normoxia control group, #Pb.05 compared with the CCM-DMSO
hypoxia group, n=6).
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exogenous EPO [37]. Moreover, endogenous EPO is suggested to be a
cytokine with a neurotrophic and a neuroprotective role in the nerve
system, and it is becoming increasingly evident that EPO plays a
critical role in the hypoxia preconditioning mediated responses in the
nervous system [38]. Our present results showed that EEPO enhanced
the EPO expression in hypoxia mouse cortices and cultured hypoxia
neurons in a dose-dependent manner. It was reported that transfer of
the culture supernatant from pretreated cells to OGD-challenged
neurons protected the neurons in vitro via endogenously produced
EPO, and administration of sEPO-R abolished the protective effect of
EPO [20]. In the present study, we also found that there was a higher
level of EPO in CCM-EEPO than in CCM-DMSO, and the cell viability of
hypoxia neurons treated with CCM-EEPO was much higher than that
of neurons treated with CCM-DMSO. Then, in order to test whether
the protective effects are dependent on the EPO, we added sEPO-R
into the culture medium to block EPO, and we found that the cell
viability decreased in a dose-dependent manner with sEPO-R,
indicating that the neuroprotective effects of EEPO are, at least partly,
through modulating the endogenous EPO.

It has been widely accepted that the primary factor mediating
hypoxia adaptation response is the HIF-1, an oxygen-sensitive
transcriptional activator [39]. Hypoxia-inducible factor-1, belonging
to Per-ARNT-SIM(PAS) superfamily, is characterized by the presence
of PAS domain that controls dimerization [40]. Hypoxia-inducible
factor-1 contains HIF1-α and HIF1-β [39], with HIF1-β constitutively
expressed and HIF1-α tightly regulated by cellular oxygen concen-
tration [41]. Hypoxia-inducible factor-1α is continuously degraded
under normoxic condition by the ubiquitin–proteosome system but is
stabilized by hypoxia when O2-dependent prolyl hydroxylases that
target its O2-dependent degradation domain are inhibited [42].
Hypoxia-inducible factor-1 is the key regulator of EPO gene
expression [43]. So we tested whether EEPO can modulate EPO
expression by stimulating HIF-1. We found that EEPO enhanced the
HIF1-α protein expression in hypoxia mouse cortices and hypoxia
neurons, though EEPO did not affect HIF-1α mRNA expression.
Additionally, EEPO enhanced HRE report gene activity, vegf, and
glucose transporter-1 mRNA expression, which is modulated by
HIF-1, suggesting that EEPO may enhance transcription of vegf and
glucose transporter-1 via HIF-1a. These results indicate that EEPO can
stimulate EPO expression in hypoxia neuronal cells and promote
protein stabilization of HIF-1α. The posttranslational modulation of
HIF-1α under hypoxia condition is a very complicated process [44];
further study is needed on the mechanism by which the EEPO affects
degradation of HIF-1.

The following are the two limitations of the present study. First,
the present research did not test individual components of the
extracts. With gas chromatography–mass spectrometry method, we
had investigated the chemical constituents of the end extracts and
found that most of the extracts were the part with low polarity (about
60.12%); the other part includes alkaloids, tannins and flavonoids. In
the future research, we will focus on the effective component of EEPO
and their corresponding effective doses. Second, in this report, we
aimed to study the antihypoxia effect of EEPO. It is obvious that pure
hypoxia is a rare clinical condition compared to cerebral ischemic
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Fig. 4. The EEPO enhanced the HIF-1α protein expression and transcription activity. The EEPO enhanced HIF-1α protein expression in hypoxia mouse cortices (A) and in hypoxia
neurons (B). The EEPO increased the HRE-luciferase reporter gene activities (C) and HIF-1α protein expression levels (D). The EEPO enhanced the glu-1(E) and vegf (F) expression in
hypoxia neurons. The end concentrations of EEPO in the l-EEPO and h-EEPO groups were 1 and 100 μg/ml, respectively (D: *Pb.05 compared with DMSO group, n=4. E and F: *Pb.05
compared with the normoxia control group, #Pb.05 compared with the control group under the same hypoxia condition, n=4).
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events. For future clinical use of the EEPO, testing the neuroprotective
effects against hypoxia/ischemia injury of the EEPO is of more
significance.

In summary, our results confirm the protective effects of EEPO on
hypoxia neural cells, which are, at least partly, through modulating of
endogenous EPO expression, and the mechanism by which EEPO
modulated the EPO expression might be related to the stabilization of
HIF-1α. Our findings in the present study provide a useful and
attractive candidate for developing neuroprotective agent for treat-
ment of hypoxia-induced neurovascular diseases.
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