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Aster yomena (Kitam.) Honda is an edible vegetable and perennial herb belonging to the Asteraceae
family, and has been used for a long time for the prevention and treatment of various diseases.
Although leaf extracts of A. yomena are known to have antioxidant and anti-inflammatory effects, ac-
curate efficacy assessments are still inadequate. In this study, we investigated whether the antioxidant
efficacy of ethanol extract of A. yomena leaf (EEAY) is correlated with the anti-inflammatory effect in
RAW 264.7 macrophages. The results showed that EEAY significantly inhibited the hydrogen peroxide
(H202)-induced growth inhibition in RAW 264.7 cells, which was associated with increased expression
of nuclear factor erythroid 2-related factor-2 (Nrf2) and heme oxygenase-1 (HO-1). EEAY pretreatment
also effectively prevented H,O»-induced reactive oxygen species generation and apoptosis through in-
hibition of caspase-3 activation and poly (ADP-ribose) polymerase degradation. Additionally, EEAY
significantly increased the expression and production of interleukin-10, a representative anti-in-
flammatory cytokine, which was associated with increased expression of toll-like receptor 4 and mye-
loid differentiation factor 88 at transcriptional and translational levels. Furthermore, the increased pro-
duction of nitric oxide (NO) by lipopolysaccharide was markedly abolished under the condition of
EEAY pretreatment, and the inhibitory effect of NO production by EEAY was further increased by
hemin, an HO-1 inducer. Overall, our results suggest that EEAY is able to activate the Nrf2/HO-1
signaling pathway to protect RAW 264.7 macrophages from oxidative and inflammatory stress.
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Fig. 1. Protective effects of EEAY against H,O»-induced cytoto-
xicity in RAW 264.7 macrophages. The cells were treated
with different concentrations of EEAY or 1 mM H;O, for
24 hr (A) or treated with 1 mM HyO, for 24 hr, after
EEAY or NAC pretreatment with the indicated concen-
trations for 1 hr (B). Following treatments, cell viability
was examined by MTT assay. The data are shown as
mean * SD obtained from three independent experi-
ments (*p<0.05 compared to control; p<0.05 compared
to cells cultured with 1 mM HO»).
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Fig. 2. Induction of Nrf2 and HO-1 by EEAY in RAW 264.7
macrophages. The cells were treated with the indicated
concentrations of EEAY for 24 hr. (A) Total RNAs were
prepared for RT-PCR analysis of N1f2 and HO-1 mRNA
expression. (B) Cell lysates were prepared for Western
blot analysis with antibodies specific for Nrf2 and HO-1,
and an ECL detection system. Experiments were re-
peated three times and similar results were obtained.
GAPDH and actin were used as internal controls for
the RT-PCR and Western blot analysis, respectively.
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Fig. 3. Inhibition of ROS generation by EEAY in HyO»-treated
RAW 264.7 macrophages. The cells were pretreated
with 500 pg/ml EEAY for 1 hr and then stimulated
with or without 1 mM HyO, for 1 hr. (A) After stain-
ing with DCF-DA florescent dye, DCF fluorescence
was monitored using a flow cytometer. (B) The data
were shown as mean + SD obtained from three in-
dependent experiments (*p<0.05 compared to control;

+ EEAY (500 pg/ml) #p<0.05 compared to cells cultured with 1 mM HyO»).

(C) The fluorescent images were obtained by a fluo-
rescence microscope. Each image is representative of
at least three independent experiments.
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Fig. 4. Inhibition of apoptosis by EEAY in H,O»-treated
RAW 264.7 macrophages. The cells were pre-
treated with 500 pg/ml EEAY for 1 hr and then
stimulated with or without 1 mM HO; for 24 hr.
(A) The stained nuclei stained with DAPI were
pictured under a fluorescence microscope. Each

. - + + EEAY (500 'ml
3.91% 35.51% 2.65% 12.05% {500, berm) image is representative of at least three independ-
b ent experiments. (B) The cells were stained with
E P, and then the percentages of sub-G1 apoptotic
= cells were determined using flow cytometry. (C)
© DNA content The data were shown as mean * SD obtained
C -+ + H0: (1 mM) from three independent experiments (*p<0.05
g 40 - -+ + EEAY (500 pg/mi) compared to control; “p<0.05 compared to cells
2 30 - SIS Profcaspase:d cultured with 1 mM HyO). (D) Cell lysates were
§ 55 — : (P;:t'::'cas"asee prepared for Western blot analysis with the in-
;:_ o | - <«— Cleaved PARP d1cateq antibodies, and an ECL det.ectlon syst(.em.
g | | <«— Actin Experiments were repeated three times and sim-
< 0 $ = HOs (1 mMY ilar results were obtained. Actin was used as an
-+ + EEAY (500 pg/ml) internal control for and Western blot analysis.
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Fig. 5. Increase of IL-10 generation and expression by EEAY in RAW 264.7 macrophages. The cells were treated with the indicated
concentrations of EEAY for 24 hr. (A) The levels of IL-10 production were measured by ELISA kit using culture media.
The data are shown as mean = SD obtained from three independent experiments (*p<0.05 compared to control). (B) Total
RNAs were prepared for RT-PCR analysis of IL-10, TLR4 and Myd88 mRNA expression. (C) Cell lysates were prepared
for Western blot analysis with antibodies specific for IL-10, TLR4 and Myd88, and an ECL detection system. Experiments
were repeated three times and similar results were obtained. GAPDH and actin were used as internal controls for the RT-PCR

and Western blot analysis, respectively.
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Fig. 6. Inhibition of LPS-induced NO generation by EEAY in
RAW 264.7 macrophages. The cell were pretreated with
500 pg/ml EEAY or 20 mM hemin for 1 hr and then
stimulated with or without 100 ng/ml LPS for 24 hr.
(A) NO production was measured using the Griess re-
agent in culture media. Each value indicates the mean
+ SD obtained from three independent experiments
(*p<0.05 compared to control; “p<0.05 compared to cells
cultured with 100 ng/ml LPS; “p<0.05 compared to cells
co-treated with 500 pg/ml EEAY and 100 ng/ml LPS).
(B) Cell viability was gauged by an MTT assay. Data
were expressed as percentage of control. Each value in-
dicates the mean + SD obtained from three independent
experiments.
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