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In the present study, we prepared hot water extracts of green apple (GAHW) and unripe apple
(UAHW), and ethanol extract of green apple (GAE), and investigated their anti-inflammatory activities
in LPS-activated RAW264.7 cells. All extracts dramatically suppressed nitric oxide (NO) production in
a dose-dependent manner in LPS-stimulated RAW264.7 cells without affecting cell viability. In addi-
tion, all extracts decreased the expression of iNOS, whereas UAHW only reduced the expression of
COX-2. All extracts suppressed the phosphorylation of MAPKs (p38, ERK, and JNK) indicating all ex-
tracts show their anti-inflammatory activities via regulating MAPK pathway. Furthermore, all extracts
reduced the production of reactive oxygen species in a dose-dependent manner and they increased
the expression of heme oxygenase-I (HO-I) whereas UAHW could not. We also investigated whether
apple flavonoids phloretin and phloridzin can have their anti-inflammatory activities in same in vitro
model. Phloretin dramatically decreased NO production in a dose dependent manner without affect-
ing cell viability, whereas phloridzin have no effects. Phloretin also reduced the expression of iNOS
as well as COX-2, whereas phloridzin could not. Overall, these results suggest that apple extracts have
their anti-inflammatory activities via regulating MAPKs and HO-1 pathways, and apple flavonoid
phloretin can be one of phytochemicals responsible for anti-inflammatory effect of apple.
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Fig. 1. Effects of hot water extracts of green apple (GAHW), unripe apple (UAHW), and ethanol extract of green apple (GAE)
on nitric oxide (NO) production and cell viability in LPS-stimulated RAW264.7 cells. RAW264.7 cells were plated 2x10°
cells/well in 96-well plate and incubated with 1, 2, or 5 mg/ml of each extract for 16 hr in LPS-activated RAW264.7 cells.
(A) NO production was measured by NO production assay. (B) Cell viability was measured using MTS proliferation assay

kit. Values indicate means £ SD (n=4). ***p<0.001 vs LPS.
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Fig. 2. Down-regulation of iNOS and COX-2 expression by
GAHW, GAE, and UAHW. RAW264.7 cells were plated
2x10° cells in 60 mm dish and incubated with 5 mg/ml
of GAHW, GAE and UAHW for 16 hr in LPS-treated
RAW264.7 cells. Subsequently, cell lysates were pre-
pared and Western blot analysis was performed by us-
ing iNOS, COX-2 and ACTIN antibodies.
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Fig. 3. Inhibition of MAPKSs phosphorylation by GAHW, GAE
and UAHW. RAW264.7 cells were plated 2x10° cells in
60 mm dish and treated with 5 mg/ml of GAHW, GAE
and UAHW for 4 hr, and then cells were stimulated with
LPS (1 pg/ml) for 30 min. Cell lysates were prepared
and Western blot was carried out by using antibodies
against p38, p-p38, ERK1/2, p-ERK1/2, ]NK, p-JNK and
ACTIN.
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Fig. 4. Scavenging activities of reactive oxygen species (ROS) and up-regulation of heme oxygenase-1 (HO-1) by GAHW, GAE
and UAHW. RAW264.7 cells were plated 2x10° cells/well in a 96-well plate and incubated with 2 or 5 mg/ml of GAHW,
GAE and UAHW for 16 hr. (A) ROS production was measured by DCF-DA assay. Values indicate means = SD (n=3). *p<0.01,
#0001 vs LPS. (B) Cell viability was measured using cell proliferation assay kit. (C) RAW264.7 cells were plated 2x10°
cells in 60 mm dish and treated 5 mg/ml of GAHW, GAE and UAHW for 16 hr. Subsequently, cell lysates were prepared
from treated cells and Western blot analysis was performed by using HO-1 and Actin antibodies.
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Fig. 5. Inhibition of NO production and down-regulation of iNOS and COX-2 by phloretin in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were plated 2x10° cells/well in 96-well plate and incubated with 25, 50, or 100 M of phloretin and phloridzin
for 16 hr in LPS-activated RAW264.7 cells. (A) NO production was measured by NO production assay. (B) Cell viability

was measured using MTS proliferation assay kit. Values indicate means + SD (n=4).

*p<0.05, **p<0.01, **p<0.001 vs LPS.

(C) RAW264.7 cells were incubated with 50, 100 1M of phloretin and 100 uM of phloridzin for 16 hr in LPS-treated RAW264.7
cells. Subsequently, cell lysates were prepared and Western blot analysis was performed by using iNOS, COX-2 and ACTIN

antibodies.
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