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B-asarone prevents AB25-35-induced inflammatory
responses and autophagy in SH-SY5Y cells: down
expression Beclin-1, LC3B and up expression Bcl-2

Wenguang Chang, Junfang Teng

Department of Neurology, First Affiliated Hospital of Zhengzhou University, Erqi Construction Road, Zhengzhou
450003, Henan Province, China

Received July 17, 2015; Accepted October 22, 2015; Epub November 15, 2015; Published November 30, 2015

Abstract: Alzheimer’s disease (AD) is a chronic progressive neurodegenerative disorder. Inflammatory responses
and autophagy have been implicated in the amyloid-B8 (AB) aggregation in Alzheimer’s disease. Although major evi-
dence indicates that macro autophagy is involved in the pathogenesis of AD, its exact role is still unclear. B-asarone,
a major component of Acorus tatarinowii Schott, has various neuroprotective effects. However, little is known about
the protection of B-asarone against inflammation response and autophagy. In the present study, we investigated
the neuroprotective effects of B-asarone on AB25-35 induced inflammatory responses and autophagy, and the
possible mechanism. Our results showed that -asarone attenuated inflammatory cytokines including tumor ne-
crosis factor-a (TNF-a), interleukin-13 (IL-1), and IL-6 production. Meanwhile, B-asarone could significantly reduce
Beclin-1, LC3B and increase anti-apoptotic protein Bcl-2 level. These results showed that 3-asarone protected cells
from AB25-35 induced inflammation and attenuated autophagy via Bcl-2/Beclin-1 pathway. Our findings suggested
that B-asarone might be a potential preventive drug for AD.
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Introduction

Alzheimer’s disease (AD) is an age-related and
progressive neurodegenerative disease. AD
patients suffer from severe progressive cogni-
tive dysfunction, memory impairment, behav-
ioral symptoms and loss of independence [1].
The pathological hallmarks of AD are extracel-
lular amyloid plaques, intra-neuronal neurofi-
brillary tangles (NFTs), and cerebral atrophy [2,
3]. Actually, abundant AB generation and clear-
ance dysfunction contribute to the amyloid
plaques [4]. AB25-35 is a synthetic peptide of
11 amino acids that corresponds to a fragment
of AB1-40 and AB1-42, which is widely used for
the establishment of in vitro cell models of AD
[5].

Autophagy, a ubiquitous lysosomal degradative
pathway, which is essential for cell growth, sur-
vival, differentiation, development as well as
protein homeostasis, and eliminates abnormal
protein aggregates in neuronal cells, has been

implicated in the inflammatory responses of
many neurodegenerative diseases including AD
[6, 7]. Inflammatory responses induce autopha-
gy and increase autophagic vacuoles [8].
Furthermore, inflammatory cytokines can up-
regulate Bcl-2 expression and inhibit the level
of Beclin-1 [9].

B-asarone, the major component of Acorus
tatarinowii Schott, can easily pass through the
blood brain barrier [10], and shows various neu-
roprotective effects [11]. Previous studies have
indicated B-asarone protected cells from AB1-
42 induced cytotoxicity and attenuated autoph-
agy via activation of Akt-mTOR signaling path-
way, which could be involved in neuroprotection
of B-asarone against Ap toxicity [12]. B-asarone
exhibits anti-inflammatory effects by suppress-
ing the production of pro-inflammatory media-
tors through NF-kB signaling and the JNK path-
ways in activated microglial cells [13]. However,
B-asarone activities on preventing AB-induced
infammatory and autophagy are still not fully
understood.
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In this study, we treated the human neuroblas-
toma cell ling, the SH-SY5Y cell line, with AB25-
35 to observe the neurotoxicity and analyze the
role of autophagy. The aim of this study was to
investigate whether B-asarone could amelio-
rate AB25-35-induced inflammatory responses
and autophagy, and was also to explore the
possible mechanism on regulating the Bcl-2/
Beclin-1 pathway.

Materials and methods

Reagents, chemicals and the preparation of
drugs

B-asarone (cis forms of 2,4,5-trimethoxy-1-pro-
penylbenzene) (purity > 99.55%) was dissolved
in dimethylsulfoxide (DMSO) to make a stock
solution of 100 mM. Amyloid pS-Protein
Fragment 25-35 was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). AB25-35
was dissolved in double-distilled water to 1
mM. Before use, the AB25-35 solution was
incubated at 37°C for 7-10 days to form aggre-
gated diffusible oligomers, and then diluted in
medium. Sodium fluoride (NaF), phenylmethyl-
sulfonyl fluoride (PMSF), protease and phos-
phatase inhibitor cocktails, sterile filtered
dimethyl sulfoxide (DMSO) Hybri-Max, and
Triton X-100, 3-MA were purchased from Sigma-
Aldrich. Dulbecco’s modified Eagle’s medium
(DMEM), FBS certified, 0.05% Trypsin-EDTA
(1X), Phenol Red and Penicillin-Streptomycin
were purchased from GIBCO. Anti-Beclin-1,
anti-LC3B, and anti-Bcl-2 were all supplied from
Cell signaling and secondary anti-rabbit mouse/
1gG from Sigma-Aldrich.

Cell culture

Human neuroblastoma cell SH-SY5Y cells were
maintained in DMEM supplemented with 10%
FBS and 100 U/mL PS at 37°C in 5% CO,
humidified atmosphere. At 85% confluence, the
cells were used for further experiments.
Approximately 24 hours later, cells were differ-
entiated by treatment with complete DMEM
supplemented.

MTT assay

The cells were cultured at an initial density of 4
x 10% cells/ml in 96-well plates for 24 h. Cells
were pre-incubated with or without -asarone
(10, 50, or 100 nM) for 2 h, following incubation
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with aggregated AB25-35 for 24 h. 10 pyL/well
of MTT solution (5 mg/ml) was added and cells
were incubated at 37°C for 4 h. After discarding
the medium, 100 uL DMSO was added to dis-
solve the formazan crystals for 10 min. The
number of viable cells was determined at 570
nm on a microplate reader.

RNA isolation and real-time polymerase chain
reaction (PCR)

Total RNA was isolated from the cells using
TRIzol reagent (CWBIO, Beijing, China). First-
strand cDNA was synthesized using SuperScript
Il reverse transcriptase (Invitrogen, Carlsbad,
CA, USA). Real-time PCR were performed by
using SYBR®Premix Ex Taq™ kit (Takara
Biotechnology, Dalian, China) in an ABI7300
real-time PCR system (Applied Biosystems,
Foster City, CA, USA). Primers used were as fol-
lows: GAPDH sense, 5-AAATGAGCCCCGCCT-
TCT-3'; GAPDH antisense, 5-AGGATGTCAGC-
GGGAGCCGG-3’; IL-6sense, 5-CCTTCGGTCC-
AGTTGCCTTCT-3’; IL-6antisense, 5-CCAGTGC-
CTCTTTGCTGCTTTC-3’; IL-1Bsense, 5-GGGAT-
GATGATGATAACCTG-3’; IL-1PBantisense, 5-TG-
GTCGTTGCTTGGTTCTCCT-3’; TNF-sense, 5-
GCTCTTCTGCCTGCTGCACTTTGG-3’; TNF-anti-
sense, GTTGACCTTGGTCTGGTAGGAGACGG-3'.
Ct (threshold cycle) data were collected using
the Sequence Detection Software version. The
relative quantification of gene expression was
analyzed by the 222°t method [14]. Fold ch-
ange = 2%t where AACt = (Ct
_CtGAPDH)_(Ct t

control_c

target gene

GAPDH)'

Western blot analysis

The cells were harvested and washed twice
with ice-cold PBS buffer in 1.5 ml EP tube, cen-
trifugedat 3000 g for 5 min. The supernatant
was removed and RIPA buffer with protein
inhibitor was added. The mixture was placed in
ice for 30 min. Lysates were centrifuged at
12,000 g for 30 min, and the protein in the
supernatant was denatured with lysis buffer
for 5 min at 100°C and then subjected to
SDS-PAGE gels. The gels were transferred onto
polyvinylidene difluoride (PVDF) membranes
(Millipore, CA); the membranes were blocked
with 5% nonfat milk in TBST for 1 h and incu-
bated with a primary antibody overnight at 4°C.
The primary antibodies used were rabbit anti-
Beclin-1 (1:1000, CST, D40C5), rabbit anti-LC3
B (1:1000, CST, 12513S), rabbit anti-bcl-2
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Figure 1. Inhibiton of AB25-35 against the growth of SH-SY5Y cells. Cell viability was examined by MTT assay in SH-
SYBY cells. Cells were treated with various doses of AB25-35 for 24 h (A) and 20 mM AB25-35 for various times (B)
("P<0.05).
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Bcl-2 were evaluated by western blot analysis.

Figure 2. Increase of B-asarone on cell viability. SH-

SYBY cells were pretreated with B-asarone (10, 50, groups. “P<0.05” was considered to indicate a
100 uM respectively) for 2 h before treatment with s L .
AB25-35 for 24 h (*P<0.05). statistically significant difference.

Results
(1:1000, 2870 s) and mouse anti-B actin
(1:5000, sigma). Bound secondary antibodies AB25-35 inhibits the growth of SH-SY5Y cells
were visualized using an enhanced chemilumi-
nescence (ECL) kit (Pierce Biotechnology) with
ChemDoc XRS with Quantity One software

More evidence suggests that AR has neurotoxic
effects both in vitro and in vivo. To determine

(BioRad, Hercules, CA). the cytotoxicity in SH-SY5Y cells, we pretreated

AB25-35 and examined the effect on the viabil-
Statistical analysis ity of SH-SYBY cells by MTT assay. Cell viability

was significantly decreased after exposure to
The data were analyzed using the SPSS 19.0 5, 10, 20 and 30 uyM AB25-35 for 24 h, and
program software and expressed by means + founded IC,, was 20 pM. Next we used AB25-
SEM. The one-way ANOVA analysis of variance 35 (20 uM) after treatment for 6, 12, 24 and
was used to compare the scores of different 36 h (Figure 1A and 1B). Therefore, AB25-35
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Figure 4. Inhibitory effect of B-asarone on the pro-
duction of pro-inflammatory cytokines. The cells were
treated as described above. After 24 h, the levels of
TNF-a, IL-1B and IL-6 mRNA levels were determined
by RT-PCR. The results are expressed as the ratio
of 1L.-6/GAPDH, IL-13/GAPDH and TNF-o,/GAPDH for
three independent experiments. "P<0.05 compared
with the AB-treated group by One-way ANOVA.

could inhibit cell growth with dose and
time-dependently.

B-asarone alleviated the toxic effect of AB25-
35 in SH-SY5Y cells

Cell viability was increased by 3-asarone, there
was a significant difference between the
B-asarone treated groups and AB treated group
(P<0.05, Figure 2). Among three doses of
B-asarone (10, 50, 100 pM), B-asarone concen-
tration of 50 pyM increased cell viability greatly.

The effects of B-asarone on expressions of
LC3, Beclin-1 and Bcl-2

To explore the autophagy mechanism of
B-asarone in AB25-35 induced SH-SY5Ycells,
the cells were treated as described above. The
levels of Beclin-1, LC3 and Bcl-2 in cells were
determined by western blot. As shown in Figure
3, AB25-35 could significantly increase the lev-
els of Beclin-1 and LC3B whereas decrease the
level of antiapoptotic protein Bcl-2. Interestingly,
both B-asarone (50 uM) and autophagy inhibi-
tor 3-MA (5 mM) reversed these expressions.
Pretreatment with (-asarone and autophagy
inhibitor 3-MA significantly decreased Beclin-1
and LC3B expression but increased Bcl-2
expression compared with the AP treated
group. These results demonstrated that
B-asarone protected AB25-35 induced autoph-
agy via Beclin-1/Bcl-2 pathway.
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Effect of B-asarone on production of pro-in-
flammatory cytokines in SH-SY5Y cells

B-asarone attenuated pro-inflammatory cyto-
kines (IL-6, IL-13 and TNF-«) in AB25-35, stimu-
lated SH-SY5Y cells as shown in Figure 4. To
explore whether B-asarone represses the pro-
duction of pro-inflammatory cytokines (IL-6,
IL-1B and TNF-a), SH-SY5Y cells were induced
with AB25-35 (20 uM) in the presence or
absence of B-asarone at the dose of 50 uM.
RT-PCR analysis showed that the mRNA levels
of these cytokines were prevented by 3-asarone.
These results indicated that -asarone inhibit-
ed the production of pro-infammatory cyto-
kines, especially IL-13 and TNF-a ("P<0.05).

Discussion

Alzheimer’s disease (AD) is a chronic progres-
sive neurodegenerative disorder. Although mul-
tiple drugs have now been approved, the effec-
tive means for its treatment are lack. 3-asarone
is the most important and efficient component
of A. tatarinowii Schott [15], which can pass
through the BBB quickly and distribute in the
brain stem, hippocampus, cortex and cerebel-
lum widely [10, 16]. It can inhibit neuronal
apoptosis via the CaMKIl/CREB/Bcl-2 signaling
pathway in in vitro models and in APP/PS1 mice
[47]. More evidence suggests that (S-asarone
protects cells from AB1-42 induced cytotoxicity
and attenuats autophagy via activation of Akt-
mTOR signaling pathway [12], and protects
against beta-amyloid-induced neurotoxicity in
PC12 cells via JNK signaling and modulation of
Bcl-2 family proteins [18]. Previous studies
have shown that 3-asarone protects PC12 cells
against OGD/R-induced injury partly due to
attenuating Beclin-1-dependent autophagy
caused by decreasing (Ca®!) and increasing
MMP [19]. B-asarone treatment may be a prom-
ising therapeutic tool for AD and these results
also suggest that B-asarone could attenuate
autophagy.

Autophagy is a lysosome degradation process
that turns over cytoplasmic materials and helps
the cell to maintain homeostasis. It maintained
at low levels under normal conditions but can
be augmented rapidly as a cytoprotective
response when cells suffer oxidative stress,
infection, or protein aggregate accumulation
[20]. Autophagosomes accumulate abnormally
in the brain of AD. Several neurodegenerative
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disorders including AD inflammation response
and autophagy have been found to play an
important role in recycling cellular waste and
eliminating potentially toxic damaged organ-
elles and protein aggregates [21]. Alterations
of autophagy and excessive inflammatory
response are two hallmarks to AD [22].
Evidence shows that inflammation-stimulated
autophagy or autophagy-triggered inflammato-
ry responses lead to neurodegenerative disor-
ders, such as AB accumulation. Inflammatory
response is critical forimmune system respond-
ing to stimuli by producing a variety of pro-
inflammatory cytokines, including TNF-«, IL-13
and IL-6 [23, 24]. In this study, B-asarone sig-
nificantly inhibited AB induced production of
TNF-a, IL-6 and IL-1B in SH-SY5Y cells, indicat-
ing that B-asarone might be beneficial for
delaying the progression of inflammatory
conditions.

To investigate the possible mechanism by
B-asarone pretreatment that alleviated the
cytotoxity of AP25-35 in SH-SY5Y cells, we
explored the effect of B-asarone on AB-induced
autophagy. AB25-35 induced the expression of
LC3B and beclin-1 levels, which suggested that
B-asarone could inhibit Ab-induced autophagy
in SH-SY5Y cells. It has been shown that Bcl-2
can regulate autophagy by binding to Beclin-1
and thereby can inhibit the association between
Beclin-1 and hVps34, which leads to autophagy
and inflammatory responses [9]. Beclin-1 is
essential for autophagy, which indirectly impli-
cates an important role in numerous biological
cellular processes, including aging and cell
death [25]. In our previous study, downregula-
tion of Beclin-1, LC3B and up regulation of
BCL-2 by B-asarone might inhibit AB induced
autophagy and contribute to its protective
effect against AB related cytotoxicity.

In conclusion, we showed that AB25-35 inhibit-
ed SH-SY5Y cell growth and induced autopha-
gy. Furthermore, B-asarone could provide neu-
roprotection against AB, which might be related
to its inhibition autophagy. In conclusion, we
found that B-asarone could inhibit Beclin-1 and
LC3B expressions; meanwhile, it also could
enhance Bcl-2 expression. Collectively, these
findings indicated that the 3-asarone treatment
could attenuate the neurons damage induced
by AB via suppressing the activity of autophagy
and it might be explored as a potential thera-
peutic agent in AD treatment.
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