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Abstract: Eupatilin, a pharmacologically active flavone derived from the Artemisia plant species, has been reported 
to have anti-oxidant, anti-inflammatory, and anti-tumor and neuroprotective activities. Hence, this study was to in-
vestigate the effects of eupatilin on oxygen and glucose deprivation/reperfusion (OGD/R) induced neuronal injury 
in differentiated PC12 cells. Our results showed that eupatilin pretreatment attenuated OGD/R-induced neuronal 
injury, with evidence of increased cell viability and decreased LDH leakage. It also inhibited OGD/R-induced intracel-
lular ROS production in PC12 cells. In addition, the down-regulation of Bcl-2, up-regulation of Bax and the conse-
quent activation of caspase-3 induced by OGD/R were reversed by eupatilin. Furthermore, eupatilin pretreatment 
inhibited OGD/R-induced p-JNK and p-p38 expression in PC12 cells. Taken together, these results suggested that 
eupatilin inhibits OGD/R-induced neuronal injury in PC12 cells through JNK and p38 signaling pathways.
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Introduction

Ischemic stroke is a life-threatening cerebro-
vascular disease with substantial morbidity 
and mortality worldwide, and constitutes ap- 
proximately 80% of all strokes [1]. It is charac-
terized by cerebral blood vessel occlusion, 
which results in an insufficient supply of glu-
cose and oxygen to central nervous system tis-
sue and leads to necrotic loss of neurons in 
center and a surrounding penumbra with a 
milder ischemic insult [2]. Despite advances in 
understanding of the molecular mechanisms 
responsible for stroke-associated neuronal da- 
mage [3, 4], it remains a significant problem 
that is the major cause of death and disability 
worldwide.

Cumulative evidence suggests that both oxida-
tive stress and apoptosis play crucial roles in 
the pathogenesis of cerebral ischemia/reperfu-
sion injury [5-7]. Under ischemic condition, in- 
tracellular reactive oxygen species (ROS) are 
rapidly increased in neurons and this increase 
induces the release of cytochrome c from mito-

chondria, which plays a critical role in the pro-
cess of neuronal apoptosis [8]. Thus, inhibition 
of oxidative stress is a good therapeutic strate-
gy for the treatment of ischemic stroke.

Eupatilin, a pharmacologically active flavone 
derived from the Artemisia plant species, has 
been reported to have anti-oxidant, anti-inflam-
matory, and anti-tumor activities [9-11]. For 
example, Choi et al. reported that eupatilin dra-
matically inhibited FeSO4-induced ROS produc-
tion in a dose-dependent manner, as well as 
reduces the expression of such oxidative-re- 
sponsible genes in H2O2-treated gastric epithe-
lial cells [12]. Moreover, eupatilin has been 
demonstrated to possess neuro-protective ef- 
fect. Recently, one study reported that eupatilin 
can decrease apoptotic neuronal death and 
reduce infarct volume in a focal cerebral isch-
emia/reperfusion mouse model [13]. However, 
the effects of eupatilin on oxygen-glucose de- 
privation/reperfusion (OGD/R)-induced cell in- 
jury in the model of PC-12 cells and further, the 
potential mechanisms involved have not been 
explored. Hence, this study was to investigate 
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the effects of eupatilin on oxygen and glucose 
deprivation/reperfusion (OGD/R) induced neu-
ronal injury in differentiated PC12 cells.

Materials and methods

Cell culture and OGD/R treatment

PC12 cell line was obtained from the American 
Type Culture Collection (Rockville, MD, USA), 
and cultured with high glucose DMEM medium 
supplemented with 5% (v/v) heat-inactivated 
FBS, 5% (v/v) horse serum, 100 IU/mL strepto-
mycin, 100 IU/mL penicillin in a humidified at- 
mosphere with 5% CO2 at 37°C. Cells were pas-
saged every 3-4 days with 0.25% trypsin. Mo- 
reover, before exposed to injury, PC12 cells 
were differentiated by treating with nerve gr- 
owth factor (NGF) (50 ng/mL) for 6 days to gen-
erate nerve-like cells and the growth medium 
was changed every other day.

To induce OGD/R injury, cell culture medium 
was removed and cells were washed twice with 
glucose-free DMEM (Invitrogen). Cells were 
then incubated in the glucose-free DMEM in an 
oxygen-free incubator (95% N2 and 5% CO2) for 
4 h (OGD). Then, glucose was added back to 
the final concentration of 5 mg/ml and cells 
were incubated for additional 20 h (OGD/R) 
under normal conditions, in the absence or pr- 
esence of eupatilin. Eupatilin was added to the 
cultures 30 min prior to the ischemic insult and 
was present during OGD and reoxygenation ph- 
ases. Control groups were incubated in the glu-
cose-free DMEM in a normoxic atmosphere for 
the same period.

Cell viability assay

Cell viability was determined by the CCK-8 as- 
say (Beyotime, Shanghai, China). In brief, PC-12 
cells at a density of 1 × 104 cells/well were 
seeded into 96-well plates and cultivated for 
24 h to adhere. After treatment, 10 μL of kit 
reagent was added to the cells followed by incu-
bation for 2 h. Absorbance was measured at 
570 nm using an enzyme linked immunosor-
bent assay plate reader (Olympus, Tokyo, Ja- 
pan).

LDH release assay

Cell membrane damage leading to cellular de- 
ath was measured by the lactate dehydroge-
nase (LDH) assay [14]. In brief, PC-12 cells were 
treated with 0.5% Triton X-100, after being cen-

trifuged; the supernatant was used for intracel-
lular LDH level measurement by spectropho- 
tometrical determination at 440 nm using a 
detection kit (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China). The equation LDH 
release (%) = (LDH level in the medium/total 
LDH level) × 100. Cultures under normal condi-
tions (control group) represent basal LDH re- 
lease.

Detection of ROS generation

Intracellular ROS was measured by flow cytom-
etry using a cell-based ROS assay kit (Beyotime 
Biotechnology, Haimen, China). In brief, PC-12 
cells were incubated with various concentra-
tions of eupatilin for 4 h. Then, the cells were 
washed twice with PBS, and incubated with 10 
μM dichlorofluorescein diacetate (DCFH-DA) for 
30 min at 37°C in the dark. ROS levels were 
measured as the fluorescence intensity of  
DCF by the FACSCaliber flow cytometer (BD 
Biosciences, CA, USA) with excitation and em- 
ission wavelengths of 488 and 525 nm. The 
measured fluorescence values were expressed 
as the fold changes relative to the control 
group.

Western blot

Proteins were extracted from PC-12 cells using 
RIPA lysis buffer. The concentration of protein 
was measured by BCA kit (Invitrogen, Carlsbad, 
CA, USA). A total of 30 μg of protein was frac-
tionated by 12% SDS-PAGE electrophoresis 
and transferred to a nitrocellulose membra- 
ne (Amersham, Little Chalfont, UK). The mem-
branes were blocked with 5% bovine serum 
albumin (BSA) in phosphate buffered saline 
with tween (PBST), incubated with primary anti-
bodies (anti-Bcl-2, anti-Bax, anti-cleaved cas-
pase-3, anti-p-JNK, anti-JNK, anti-p-p38, anti-
p38 and anti-GAPDH) (Santa Cruz Biotechno- 
logy, Santa Cruz, CA, USA) at 4°C overnight. 
Subsequently, the membrane was incubated 
with secondary antibodies at room tempera-
ture for 2 h. An enhanced chemiluminescence 
system was applied according to the manu- 
facturer’s protocol (Boehringer Mannheim, Ma- 
nnheim, Germany).

Statistical analysis

Data are expressed as the mean ± SD. St- 
atistical analyses were performed using one-
way ANOVA tests followed by Dunnett t test. A p 
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value of less than 0.05 was considered to be 
significant.

Results

Eupatilin pretreatment inhibits OGD/R-induced 
cell viability loss in PC12 cells

To examine the neuroprotective effect of eu- 
patilin against OGD/R induced injury, different 
concentrations of eupatilin were added to the 
culture medium 24 h during OGD/R. As shown 
in Figure 1A, the viability of the cells exposed  
to OGD/R was reduced significantly compared 
with the control. Treatment with eupatilin sig-

nificantly attenuated OGD/R-induced cell de- 
ath.

We also measured the effect of eupatilin on cell 
cytotoxicity caused by OGD/R by the LDH assay. 
As shown in Figure 1B, as compared with the 
control group, LDH release was significantly 
increased after OGD/R treatment. However, 
eupatilin attenuated OGD/R-induced LDH re- 
lease in a dose-dependent manner.

Eupatilin pretreatment inhibits OGD/R-induced 
intracellular ROS production in PC12 cells

Then, we investigated the effects of eupatilin 
on the OGD/R-induced oxidative stress in PC- 
12 cells. As shown in Figure 2, OGD/R treat-
ment significantly increased the production of 
intracellular ROS, while eupatilin (1, 10, and 20 
μM) pretreatment decreased OGD/R-induced 
ROS production in a dose-dependent manner.

Eupatilin pretreatment inhibits OGD/R-induced 
cell apoptosis in PC12 cells

Thus, we measured the effect of eupatilin on 
the expression of Bcl-2 and Bax proteins in 
PC-12 cells induced OGD/R. As shown in Figure 
3A and 3B, OGD-R obviously reduced Bcl-2 
expression and increased Bax expression com-

Figure 1. Eupatilin pretreatment inhibits OGD/R-
induced cell viability loss in PC12 cells. PC12 cells 
were incubated for 4 h oxygen and glucose depri-
vation (OGD) followed by 20 h reperfusion with or 
without eupatilin. A. Cell viability was determined by 
CKK-8 assay. B. LDH leakage was detected with a 
LDH assay kit. Data are the mean ± SD from three in-
dependent experiments. *P<0.05 vs. control group. 
#P<0.05 vs. OGD/R group.

Figure 2. Eupatilin pretreatment inhibits OGD/R-
induced intracellular ROS production in PC12 cells. 
PC12 cells were incubated for 4 h oxygen and glu-
cose deprivation (OGD) followed by 20 h reperfusion 
with or without eupatilin. Intracellular ROS was de-
tected using the 2’,7’-dichlorofluorescein method. 
Data are the mean ± SD from three independent 
experiments. *P<0.05 vs. control group. #P<0.05 vs. 
OGD/R group.
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pared with the control cells. Treatment of PC12 
with eupatilin was associated with greater Bcl-2 
and attenuated Bax expression.

Next, we examined the effect of eupatilin on 
the OGD/R-induced activation of caspases. 
OGD/R treatment significantly increased the 
expression of cleaved caspase-3, however, in 

the eupatilin-pretreated group; the expression 
of cleaved caspase-3 was down-regulated in a 
dose-dependent manner (Figure 3A and 3C).

Figure 3. Eupatilin pretreatment inhibits OGD/R-in-
duced cell apoptosis in PC12 cells. PC12 cells were 
incubated for 4 h oxygen and glucose deprivation 
(OGD) followed by 20 h reperfusion with or without 
eupatilin. A. The expression of Bcl-2, Bax, cleaved 
caspase-3, and GAPDH proteins was detected by 
western blot. B. The ratio of Bax/Bcl-2. C. Quantita-
tive analysis of cleaved caspase-3 (fold of control). 
Data are the mean ± SD from three independent ex-
periments. *P<0.05 vs. control group. #P<0.05 vs. 
OGD/R group.

Figure 4. Eupatilin pretreatment inhibits OGD/R-
induced activation of JNK and p38 signaling path-
ways in PC12 cells. PC12 cells were incubated for 4 
h oxygen and glucose deprivation (OGD) followed by 
20 h reperfusion with or without eupatilin. A. The ex-
pression of p-JNK, JNK, p-p38 and p38 proteins was 
detected by western blot. B. Quantitative analysis of 
p-JNK (fold of JNK). C. Quantitative analysis of p-p38 
(fold of p38). Data are the mean ± SD from three in-
dependent experiments. *P<0.05 vs. control group. 
#P<0.05 vs. OGD/R group.
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Eupatilin pretreatment inhibits OGD/R-induced 
activation of JNK and p38 signaling pathways 
in PC12 cells

JNK and p38 signaling pathways play importa- 
nt roles in regulation of apoptosis. Thus, we 
explored the molecular mechanism by which 
eupatilin rescued the PC12 cells from OGD/R 
induced neuronal apoptosis and oxidative st- 
ress, and measured the expression phospho-
JNK and phospho-p38. As shown in Figure 4, 
the levels of phospho-JNK and phospho-p38 
expression were enhanced by OGD/R pretre- 
atment; however, eupatilin obviously inhibited 
OGD/R-induced activation of JNK and p38 in 
PC-12 cells.

Discussion

In the current study, we found that eupatilin 
pretreatment inhibited OGD/R-induced cell via-
bility loss in PC12 cells, as well as the produc-
tion of intracellular ROS. In addition, the down-
regulation of Bcl-2, up-regulation of Bax and the 
consequent activation of caspase-3 induced by 
OGD/R were reversed by eupatilin. Furthermore, 
eupatilin obviously inhibited OGD/R-induced 
activation of JNK and p38 in PC-12 cells.

Previous studies demonstrated that eupatilin 
confer neuroprotective effects in transient mid-
dle cerebral artery occlusion mice model [13]. 
Consistent with the prior study, in the present 
study, we found that eupatilin pretreatment 
inhibits OGD/R-induced cell viability loss in 
PC12 cells.

Numerous studies have indicated that ROS 
plays a critical role in the early events of isch-
emia reperfusion injury [15-17]. Moreover, eu- 
patilin has been demonstrated to possess anti-
oxidant effect. One study showed that eupatilin 
inhibited tumor necrosis factor (TNF)-α-induced 
intracellular ROS accumulation in human bre- 
ast epithelial (MCF-10A) cells [18]. In the pres-
ent experiment, we found that OGD/R treat-
ment significantly increased the production of 
intracellular ROS, while eupatilin pretreatment 
decreased OGD/R-induced ROS production in a 
dose-dependent manner. These results sug-
gest that eupatilin protected PC12 cells against 
OGD/R by reducing the production of intracel-
lular ROS.

Apoptosis is a physiological process which is 
regulated by a number of well-characterized 

genes and is important for during neuronal 
development and under pathological condi-
tions including cerebral ischemia [19]. Bcl-2 
protein plays an essential role to control the 
process of cell death through preventing vari-
ous apoptosis signaling pathways. The Bax pro-
tein has a role in the release of a factor that 
stimulates apoptosis into the cytoplasm. Thus, 
the balance of the expressions of these pro-
teins is important in the process of cell death 
[20]. In the present experiment, we observed 
that OGD-R obviously reduced Bcl-2 expression 
and increased Bax expression compared with 
the control cells. Treatment of PC12 with eu- 
patilin was associated with greater Bcl-2 and 
attenuated Bax expression. In addition, cas-
pase-3 also plays an important role in apoptot-
ic mechanisms after ischemia [21-23]. Similarly, 
in our experiments, the results showed that 
eupatilin pretreatment inhibits OGD/R-induced 
the expression of cleaved caspase-3 in PC12 
cells. These results suggest that eupatilin pro-
tected against OGD/R induced neurotoxicity, is 
probably associated with the inhibition of neu-
ronal cell death.

c-Jun N-terminal kinase (JNK) is an important 
stress-responsive kinase that is activated by 
various forms of brain insults [24-26]. It was 
reported that JNK activity was obviously up-
regulated in the brain after ischemia, and inhi-
bition of JNK prevented ischemia-induced mi- 
tochondrial translocation of Bax and Bim, re- 
lease of cytochrome c and Smac, and activa-
tion of caspase-9 and caspase-3 [27]. In addi-
tion, p38 was also involved in cerebral isch-
emia/reperfusion injury, and that inhibition of 
p38 activation could alter the outcome of isch-
emic brain injury in vitro and in vivo experim- 
ental models [28-30]. Similarly, in our experi-
ments, the results demonstrated that the levels 
of phospho-JNK and phospho-p38 expression 
were increased significantly after OGD/R treat-
ment; however, eupatilin obviously prevented 
this increase in phospho-JNK and phospho-p38 
expression induced by OGD/R. On the basis of 
these data, we suggest that eupatilin inhibits 
OGD/R-induced neuronal injury via suppressing 
the JNK and p38 MAPK signaling pathways in 
PC12 cells.

In summary, the present work shows that eupa-
tilin inhibits OGD/R-induced neuronal injury via 
suppressing the JNK and p38 MAPK signaling 
pathways in PC12 cells. These data suggested 
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that eupatilin treatment is a potential therapeu-
tic approach for protecting against ischemia/
reperfusion injury.
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