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Abstract

B-Asarone (1,2,4-trimethoxy-5-[(Z)-prop-1-enyl]benzene) is an essential component of Acorus tatarinowii Schott volatile
oil. Previous research has observed that B-asarone effectively attenuated symptoms in parkinsonian rats and improved their
performance, but the mechanism of this effect remains unclear. Other research has shown that endoplasmic reticulum (ER)
stress plays an important role in the pathogenesis of Parkinson’s disease (PD). The protein kinase RNA-like endoplasmic
reticulum kinase (PERK) was observed in the nigrostriatal dopaminergic neurons of patients with PD. However, our group
observed that ER stress and autophagy occurred in 6-hydroxy dopamine (6-OHDA)-induced parkinsonian rats, and ER stress
might induce autophagy. We assume that the protective role of f-asarone in parkinsonian rats is mediated via the ER stress-
autophagy pathway. To support this hypothesis, we investigated the expressions of glucose regulated protein 78 (GRP78),
PERK phosphorylation (p-PERK), C/EBP homologous binding protein (CHOP), Bcl-2 and Beclin-1 in 6-OHDA-induced
parkinsonian rats after f-asarone treatment. The results showed that the f-asarone group and PERK inhibitor group had lower
levels of GRP78, p-PERK, CHOP and Beclin-1 while having higher levels of Bcl-2. We deduced that f-asarone might regulate
the ER stress-autophagy via inhibition of the PERK/CHOP/Bcl-2/Beclin-1 pathway in 6-OHDA-induced parkinsonian rats.
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Introduction

Parkinson’s disease (PD) is one of the most common neu-
rodegenerative diseases [1]. The clinical manifestations of
PD include tremor, slowness of movement, rigidity and
postural instability [2]. The pathological manifestations of
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PD are widely recognized as the decrease of nigrostriatal
dopaminergic neurons and the presence of Lewy bodies in
neurons [3]. Meanwhile, endoplasmic reticulum (ER) stress
also has an important effect on the pathological process
of PD [4]. Faulty folding of proteins causes ER dysfunc-
tion, which contribute to ER stress. ER stress triggers the
unfolded protein response (UPR) to maintain the steady state
of the ER [5]. Studies found that the protein kinase RNA-
like endoplasmic reticulum kinase (PERK) and eukaryotic
initiation factor 2a (elf2a) in the nigrostriatal dopaminergic
neurons of patients with PD, and the PERK phosphoryla-
tion (p-PERK) and a-synuclein (x-syn) increased synchro-
nously [6]. Furthermore, the target proteins of the UPR sig-
nal pathway changed after neurons were stimulated with,
for instance, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), 6-hydroxy dopamine (6-OHDA), and rotenone,
leading to upregulation of such proteins as the transcription
index C/EBP homologous binding protein (CHOP), glucose
regulated protein 78 (GRP78), cut X-box-binding protein
(XBP1) and PERK [7, 8].
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B-Asarone (1,2,4-trimethoxy-5-[(Z)-prop-1-enyl]ben-
zene) is an essential component of Acorus tatarinowii Schott
volatile oil, which can easily pass through the blood—brain
barrier [9]. Our previous studies showed that -asarone
could improve the behavioral symptoms of parkinsonian
rats [10], and B-asarone and levodopa co-administration
could protect the parkinsonian rats from further symptoms
[11]. Thus, B-asarone might have a good therapeutic effect
on PD. Meanwhile, -asarone could also inhibit ER stress
in 6-OHDA-induced parkinsonian rats [12]. The purpose of
this study was to clarify whether f-asarone may inhibit the
PERK pathway in 6-OHDA-induced parkinsonian rats.

Previous studies showed that autophagy could clear the
abnormal concentrations of a-syn in neurons, indicating
that autophagy is involved in the pathological process of PD
[13]. Recent studies suggested that ER stress could induce
autophagy [14, 15]. Our previous study demonstrated that
ER stress and autophagy occurred in 6-OHDA-induced par-
kinsonian rats, and indicated that ER stress might induce
autophagy. Our group observed that f-asarone had a neural
protective effect on 6-OHDA-induced parkinsonian rats by
regulating the INK/Bcl-2/Beclin-1 autophagy pathway [10].
Other groups have shown that -asarone can inhibit neu-
ronal apoptosis via the CaMKII/CREB/Bcl-2 pathway and
regulate Bcl-2 family proteins [16, 17]. In addition, CHOP
could decrease the expression of Bcl-2 [18]. In this study,
we investigate whether f-asarone can regulate ER stress and
autophagy via the PERK/CHOP/Bcl-2/Beclin-1 pathway in
6-OHDA-induced parkinsonian rats.

Materials and Methods
B-Asarone Preparation

B-Asarone was extracted from Acorus tatarinowii Schott
according to the procedure that we previously established
[19]. The purity of f-asarone reached 99.55%, as confirmed
by GC-MS spectrometry, infrared spectrum and nuclear
magnetic resonance detection.

Animal Experiments

Forty Sprague Dawley rats (20 males and 20 females) each
weighing 220-250 g, were taken from Guangzhou Univer-
sity of Chinese Medicine. All procedures were carried out
upon institutional ethical approval and in accordance with
the Ethics Committee of Guangzhou University of Chinese
Medicine (TCMF1-2015024). During the experiment, all
rats were fed with Specific Pathogen Free (SPF) food by the
laboratory technician, and unlimited food and water were
available. The room was moderately ventilated, illuminated
for 12 h, and kept at 25 °C and with humidity 55 +5%. The
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rats were fed for 3 days before the experiment. The experi-
ment was performed at the SPF animal laboratory of the
first affiliated hospital of Guangzhou University of Chinese
Medicine, certificate number: SYXK (Guangdong) 2013-
0092. The 40 rats were randomly and evenly divided into
four groups: the sham-operated group was given normal
saline, the model group (6-OHDA) was given by 6-OHDA
lesion followed by normal saline through daily intragastric
administration 30 days after modeling, the f-asarone group
(6-OHDA + p-asarone) was given by 6-OHDA lesion fol-
lowed by 15 mg/kg of B-asarone through intragastric admin-
istration per day 30 days after modeling, and the PERK
inhibitor group (6-OHDA + ISRIB) was given by 6-OHDA
lesion followed by 0.125 mg/kg of ISRIB through intraperi-
toneal injection per day 30 days after modeling. All groups
were continuously administered for 30 days.

6-OHDA Lesion

Rats were anesthetized with intraperitoneal injection of 20%
urethane (1.5 g/kg, i.p.) and were placed in the flat skull
position on a cotton bed on a stereotaxic frame (Stoelting,
USA) with the incisor bar fixed at 4.5 mm below the interau-
ral line. Severe unilateral lesion of the nigrostriatal pathway
was obtained by micro-injection (SGE, Australia) of 6 pl
of 6-OHDA (4 pg/ul, free based dissolved in a solution of
0.2 mg/ml L-ascorbic acid in 0.9% normal saline, Shang-
hai Yuan Ye Biological Technology Co., Ltd., YY 12246,
China) at a rate of 0.2 ul/min into the medial forebrain bun-
dle at the following coordinates according to the coordi-
nates of Paxinos and Watson [20] (flat skull, as above): tooth
bar: —2.3 mm, anteroposterior: — 4.4 mm, medio-lateral:
1.2 mm, dorso-ventral: — 7.8 mm. The rats in the sham-
operated group received the same volume of normal saline
according to the same procedure except for the 6-OHDA
lesions. The injection speed was 0.5 uL/min, and after that
the needle was left for 15 min. The rats were injected intra-
peritoneally with 0.5 mg/kg apomorphine 30 days after mod-
eling. The successful PD model rotated to the healthy side
more than seven cycles/min.

Sample Collection

At 1 h after the last administration, rats were anesthetized
with intraperitoneal injection of 20% urethane (1.5 g/kg).
Rats were perfused with normal saline instead, and perfu-
sion ended only when colorless liquid outflow was observed
from the right atrial appendage. Subsequently, rats were sac-
rificed after perfusion. The mesencephalons and striatums
of the injured hemisphere (left cerebral hemisphere) were
harvested for flow cytometry, RT-PCR and western blot
analysis.
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Western Blot Evaluation of GRP78, p-PERK, CHOP,
Bcl-2 and Beclin-1

Striatums were homogenized at 1:5 (wt:vol) in an ice-cold
lysis buffer and were centrifuged at 14,027 g at 4 °C for
15 min to obtain the cellular proteins in the supernatant.
The concentration of total protein extracted was determined
by the bicinchoninic acid (BCA) Protein Assay (Beyotime,
China). Proteins (30 pg) were separated by 10% SDS—pol-
yacrylamide gel electrophoresis (Beyotime, China) and
transferred to a PVDF membrane (0.22 m, Bio-Rad, USA).
The membranes were blocked with 5% skim milk in TBS
containing 0.1% Tween-20 for 1 h. Next, the membranes
were incubated overnight at 4 °C with the following primary
antibodies: rabbit Anti-GRP78 Bip (1:800, Abcam, ab21685,
USA), rabbit Anti-PERK (phospho T980) (1:500, Abcam,
ab156919, USA), rabbit Anti-DDIT3 (1:2000, Abcam,
ab10444, USA), mouse Anti-Bcl-2 (1:200, Santa Cruz Bio-
technology, sc-7382, USA), rabbit Anti-Beclin-1 (H-300)
(1:200, Santa Cru Biotechnology, sc-11427, USA) and rabbit
Anti-GAPDH (1:10000, Abcam, ab181602, USA). The blots
were then incubated with horseradish peroxidase-conjugated
secondary antibodies (rabbit, 1:2000, Beijing ComWin
Biotech Co., Ltd., CW0103, China; mouse, 1:2000, Bei-
jing ComWin Biotech Co., Ltd., China) at room tempera-
ture for 1 h. Bound secondary antibodies were visualized
using an enhanced chemiluminescence kit (Bio-Rad, USA)
and ChemDoc XRS with Quantity One software (Bio-Rad,
Hercules, CA). Blots were repeated at least three times for
every condition. After development, the band intensities
were quantified with Image-pro Plus 5.0 analysis software.

RT-PCR Analysis of the mRNA Levels of GRP78, PERK
and CHOP

Quantitative analysis of the mRNA levels of GRP78, PERK
and CHOP in mesencephalons was performed by RT-PCR
using 96-well optical reaction plates from CFX96™ RT-
PCR (BioRad, USA). The PCR was performed under the
following conditions: initial denaturation at 95 °C for 30 s,
followed by 40 cycles of denaturation at 95 °C for 5 s,
and annealing and extension at 60 °C for 30 s. All experi-
ments were performed four times. The following prim-
ers were used in this study: GAPDH (forward, 5-GGC
TCTCTGCTCCTCCC-3'; reverse, 5'-CCGTTCACACCG
ACCTT-3"); GRP78 (forward, 5'-CACTTGGTATTGAAA
CTGTGGG-3'; reverse, 5S-TGTTACGGTGGGCTGATT
AT-3"); PERK (forward, 5'- TCCTGTCTTGGTTGGGTC
TG-3'; reverse, 5'-TGCGTGCTCCGCTTATTC-3"); CHOP
(forward, 5'-GTCACAAGCACCTCCCAAAG-3'; reverse,
5'"TCCTGCTCCTTCTCCTTCAT-3"). The primers used in
the current study were selected from the PubMed database
and synthesized by Shanghai Jierui Biological Engineering

Co., LTD. The RT-PCR data were analyzed using the rela-
tive gene expression (2-22¢Y method.

Flow Cytometry Evaluation of Bcl-2 and Beclin-1

Expression of Bcl-2 and Beclin-1 were quantitatively
detected by our previously published method [21, 22]. The
cells of mesencephalons were counted and adjusted to a den-
sity of 10° cells/ml. The cells of each sample were divided
into two parts, and subsequently they were used to evaluate
the expressions of Bcl-2 and Beclin-1 respectively.

Permeabilization of the cells was achieved with a fixa-
tion and permeabilization kit (Invitrogen, USA) according
to the manufacturer's instructions. Cells were incubated in
for 30 min in the dark at room temperature with a mouse
Anti-Bcl-2 antibody (diluted 1:20, Santa Cruz Biotechnol-
ogy, sc-7382, USA) and a rabbit Anti-Beclin-1 antibody
(diluted 1:50, Santa Cruz Biotechnology, sc-11427, USA),
respectively. After incubation, cells were washed twice in
PBS, and then incubated for 20 min in the dark at room
temperature with goat Anti-mouse IgG-FITC or goat Anti-
rabbit IgG-FITC (diluted 1:25, Beijing ComWin Biotech
Co., Ltd., China). After incubation, cells were washed twice
in PBS. Labeled cells were fixed in 1% paraformaldehyde
and prepared for flow cytometric analysis. The control cells
were incubated with the secondary antibody alone. Flow
cytometric analysis was performed using a flow cytometer
ALTRA (Beckman Coulter FC-500, USA) equipped with
an argon laser set at 488 nm. The cytometer was interfaced
with the EXP032 data analysis system (Beckman Coulter,
USA). Data were collected from 10,000 events. Non-specific
binding was detected by the control cells.

Statistical Analysis

Data were expressed as the mean + standard deviation (SD),
and significant differences among different groups were
determined by One-Way ANOVA followed by the Bonfer-
roni post hoc test for multiple comparisons. P < 0.05 was
considered to be significantly different. All statistical analy-
ses were performed with SPSS 17.0 statistical software.

Results

Changes in GRP78, p-PERK and CHOP Protein Levels
in the Striatum

A significant increase in the expression of GRP78, p-PERK
and CHOP proteins was found in the 6-OHDA model group
compared with that in the sham-operated group (P <0.05).
In contrast, GRP78, p-PERK and CHOP levels significantly
decreased in the p-asarone group and PERK inhibitor group
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compared with that in the 6-OHDA model group (P <0.05)
(Fig. 1).

Changes in GRP78, PERK and CHOP mRNA Levels
in the Mesencephalons

A significant increase in GRP78, PERK and CHOP mRNA
levels was found in the 6-OHDA model group compared
with that in the sham-operated group (P <0.05). In con-
trast, GRP78, PERK and CHOP mRNA levels significantly
decreased in the f-asarone group and PERK inhibitor group
compared with that in the 6-OHDA model group (P <0.05)
(Fig. 2).

Changes in Bcl-2 and Beclin-1 Protein Levels
in the Striatums

A significant increase in Beclin-1 expression but a
decrease of Bcl-2 were found in the 6-OHDA model
group compared with that in the sham-operated group
(P <0.05). In contrast, Beclin-1 expression showed a

Fig.1 Changes in GRP78,
p-PERK and CHOP protein
levels in the striatum. Effects of
-asarone on GRP78, p-PERK
and CHOP levels were analyzed
by western blot in striatums

of 6-OHDA-induced rats.
B-asarone group and PERK
inhibitor group treatments fol-
lowed 6-OHDA lesions. Values
are expressed as the means +SD
of ten rats. ¥P <0.05 indicates a
significant difference compared
to the sham-operated group;

&P <0.05 indicates a significant
difference compared to the
model group. There was no
significant difference between 1.4 1
the p-asarone group and PERK

inhibitor group 1.2

p-PERK(125 kDa)

GRP78 (75 kDa)

CHOP (29 kDa)

GAPDH (36 kDa)

NN

e
™

Shamed group

Sham

significant decrease in the pB-asarone group and PERK
inhibitor group compared with that in the 6-OHDA model
group (P <0.05). Whereas the p-asarone group and PERK
inhibitor group rats showed a significant increase in Bcl-2
expression compared with that in the 6-OHDA model
group (P <0.05) (Fig. 3).

Changes in Bcl-2 and Beclin-1 Levels
in the Mesencephalons

A significant increase in Beclin-1 expression but a
decrease in Bcl-2 were observed in the 6-OHDA model
group compared with that in the sham-operated group
(P <0.05). In contrast, Beclin-1 expression significantly
decreased in the pB-asarone group and PERK inhibitor
group compared with that in the 6-OHDA model group
(P <0.05). Whereas rats in the B-asarone group and PERK
inhibitor group showed a significant increase in Bcl-2
expression compared with that in the 6-OHDA model
group (P <0.05) (Table 1).
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Fig.2 Changes in GRP78, PERK and CHOP mRNA levels in the means +SD of ten rats. *P<0.05 indicates a significant difference
mesencephalons. Effects of pf-asarone on GRP78, PERK and CHOP compared to the sham-operated group; P <0.05 indicates a sig-
mRNA levels were analyzed by RT-PCR in mesencephalons of nificant difference compared to the model group. There was no sig-
6-OHDA-induced rats. B-asarone group and PERK inhibitor group nificant difference between the B-asarone group and PERK inhibitor
treatments followed 6-OHDA lesions. Values are expressed as the group
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Table 1 Results of the Beclin-1 and Bcl-2 expression levels in mes-
encephalons

Groups Beclin-1(%) Bcl-2(%)
Sham 54+1.2 182+2.2
Model 11.5+1.6% 9.3+1.5%
ISRIB 74+14% 14.8+1.8%
B-Asarone 8.5+1.1% 14.1+1.9%

Effects of p-asarone on Bcl-2 and Beclin-1 levels were analyzed
by flow cytometry in mesencephalons of 6-OHDA-induced rats.
B-asarone group and PERK inhibitor group treatments followed
6-OHDA lesions. Values are expressed as the means +SD of ten rats

*P<0.05 indicates a significant difference compared to the sham-
operated group

&P <0.05 indicates a significant difference compared to the model
group

Discussion

PD is an age-related neurodegenerative disease [1], the
incidence of which is increasing gradually. In the substantia
nigra of patients with PD, the degeneration of dopaminergic
neurons and Lewy bodies was found, and the Lewy bodies
were created by the abnormal accumulation of a-syn in neu-
rons [23]. In our previous studies, -asarone improved the
behavioral symptoms of parkinsonian rats, increased the PD-
associated neurotransmitters, elevated the level of tyrosine
hydroxylase (TH) and lowered the level of a-syn [10]. Thus,
B-asarone has positive therapeutic effects on parkinsonian
rats, and in this study, we investigated the mechanism by
which p-asarone affects PD.

The ER is an important organelle in eukaryotic cells.
When protein folding is disturbed, the UPR will start.
GRP78 is an essential regulator of ER stress [24]. Three
pathways are activated to resolve ER stress, including
IRE1, PERK and ATF6. When a cell is not under stress,
the three proteins are bound to the ER chaperone GRP78,
which maintains them in the inactive state [25]. When
unfolded or misfolded proteins accumulate, GRP78 pref-
erentially binds to these abnormal proteins and releases
its inhibitory hold on PERK, ATF6 and IRE1 [26]. The
PERK pathway is a major branch of the UPR. Activated
PERK phosphorylates elF2a [27], eIF2a promotes activat-
ing transcription factor-4 (ATF4), and the elevated ATF4
enhances transcription of CHOP [28]. In this study, we
observed that p-asarone might downregulate the expres-
sion of GRP78, p-PERK and CHOP. This result showed
no significant difference with that in the PERK inhibitor
group, which used ISRIB, a potent and commonly used
selective PERK inhibitor [29]. This result indicates that
p-asarone could inhibit PERK and then reduce the expres-
sion levels of GRP78 and CHOP. Thus, pB-asarone might
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inhibit PERK in 6-OHDA-induced parkinsonian rats.
Other studies observed that inhibition of ER stress was
involved in the neuroprotective effects in parkinsonian rats
[30]. Moreover, oral administration of a PERK inhibitor
targeting the UPR prevented neurodegeneration and clini-
cal disease in prion-infected mice [31].

Recent studies suggested that ER stress could induce
autophagy [32, 33]. Autophagy was a likely downstream
mediator of ER stress [34]. Studies showed that there was
a correlation between PD and the PERK/eIF2a/ATF4
pathway [35] and that the elf2a/ATF4 pathway could
induce the expression of autophagy genes [36]. In addi-
tion, CHOP could decrease the expression of Bcl-2 [18].
Our results suggest that p-asarone increases the expres-
sion of Bcl-2, indicating that CHOP might decrease the
expression of Bcl-2. Early stages of our study suggested
that p-asarone had neural protective effects on parkinso-
nian rats via the JNK/Bcl-2/Beclin-1 autophagy pathway
[10]. Beclin-1 is involved in autophagosome formation,
and it is one of the essential components in the initial
stage of autophagy. The expression level of Beclin-1 usu-
ally increases during autophagy. However, the Beclin-1
proautophagic function could be inhibited by interaction
with Bcl-2 family proteins to form Beclin-1-Bcl-2/BclxL
complexes [37, 38]. Besides, the interactions between Bec-
lin-1 and Bcl-2 could be disrupted by Bcl-2 phosphoryla-
tion, which releases Beclin-1 to promote autophagy [39].
In this study, we show that B-asarone downregulates the
expression of Beclin-1, indicating that -asarone might
inhibit autophagy by increasing Bcl-2 and that Bcl-2 might
be the link between ER stress and autophagy. Therefore,
we deduce that B-asarone may regulate ER stress and
autophagy via the PERK/CHOP/Bcl-2/Beclin-1 pathway
in 6-OHDA-induced parkinsonian rats.

In conclusion, we observed that B-asarone could
improve the behavior of 6-OHDA-induced parkinsonian
rats [10] and decrease the levels of GRP78, p-PERK,
CHOP and Beclin-1, while increasing the level of Bcl-2.
B-asarone might increase Bcl-2 by inhibiting the PERK
pathway, and Bcl-2 may inhibit the expression of Bec-
lin-1. Our data show that p-asarone regulates ER stress
and autophagy via the PERK/CHOP/Bcl-2/Beclin-1 path-
way, making (-asarone a potential candidate for achieving
neuroprotection of organisms from the progression of PD.
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