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In the present study, we prepared hot water extracts and the subsequent organic solvent fractions
of methanol extracts of Houttuynia cordata (HC) and Lespedeza cuneata (LC), and investigated their
anti-inflammatory effects on lipopolysaccharide-stimulated RAW264.7 cells. Among the treated sam-
ples, hexane, chloroform, and ethyl-acetate fractions of HC and LC inhibited nitric oxide (NO) pro-
duction in a dose-dependent manner, and decreased inducible nitric oxide synthase (iNOS) protein
expression. And, we analyzed the flavonoid contents of the ethyl-acetate fraction of HC and LC,
and chose apigenin for the further experiments because apigenin was one of flavonoids commonly
found in HC and LC. Apigenin dramatically inhibited NO production in a dose-dependent manner
without affecting cell viability and decreased iNOS and cyclooxygenase-2 (COX-2) expression. In
addition, apigenin suppressed the phosphorylation of p38 and Jun N-terminal kinase (JNK) indicating
that apigenin exerts anti-inflammatory activity via the mitogen-activated protein kinase (MAPK) signal-
ing pathway. Subsequently, we conducted RNA-sequencing analysis to detect differentially expressed
genes upon apigenin treatment. Among the down-regulated genes, four cytokine genes (interleukin
(IL)-1a, IL-1pB, IL-6, and colony stimulating factor 2 (CSF2)) were selected for the further analysis,
and the reduction of their expression by apigenin was confirmed with quantitative real-time polymerase
chain reaction. Overall, our results suggest that Houttuynia cordata and Lespedeza cuneata have the
anti-inflammatory effects and apigenin can be the one of key molecules responsible for their anti-in-

flammatory activities.
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Table 1. Sequences of primers used for quantitative real time-RCR

Gene symbol Transcript_ID

Primer sequences

5'-CATGAATGATTCCCTCAACCAA-3'

ftle NM_010554 E:: 5'-CCCGACGAGTAGGCATACATGT-3'
L [
GAPDH NM_ 008084 E: 5-TGCACCACCAACTGCTT-3'

: 5'-“GGATGCAGGGATGATGTT-3'
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Fig. 1. Effects of extract and its organic solvent fractions of Houttuynia cordata (HC) and Lespedeza cuneate (LC) on NO

A

VEH

production and cell viability in RAW264.7 cells. LPS-activated RAW264.7 cells were treated with water extracts and
solvent fractions of methanol extracts of HC and LC for 16 hr. (A) Nitric oxide production was measured by Griess
assay. (B) Cell viability was measured using MTS assay. RAW264.7 cells were incubated with various concentrations
of hexane (Hex), Chloroform (Chl), and ethyl acetate (EA) fractions of methanol extracts of HC and LC for 16 hr.
(C) NO production was measured by NO assay. (D) Cell viability was measured using MTS assay. *p<0.05, **p<0.01,
***p<0.001 vs LPS.
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g. 3. Effects of apigenin (APG) on NO production and cell viability in RAW264.7 cells. LPS-treated RAW264.7 cells were

treated with various concentreations (10, 20, 50, and 100 uM) of apigenin for 16 hr. (A) NO production was measured
by NO assay. (B) Cell viability was measured using MTS assay. ***p<0.001 vs LPS.
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Fig. 4. Down-regulation of iNOS and COX-2 protein expression by apigenin. LPS-activated RAW264.7 cells were incubated
with apigenin (APG) for 16 hr. (A) Cell lysates were prepared from treated cells and Western blot analysis was performed
by using anti-iNOS, anti-COX-2 and anti-Actin antibodies. And, protein expression was quantified with “Image studio”

program. (B) iNOS/Actin, (C) COX-2/Actin.
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Table 2. Several selected cytokine genes which were down-

regulated by apigenin

Gene_symbol

Transcript_ID

Fold change

IL1-a NM 010554 -83.45706
IL1-B NM_ 008361 -72.91318
IL6 NM 031168 -44.28396
CSF3 NM 009971 -35.03583
CCL4 NM 013652 -30.89909
CCL9 NM 011338 -25.66874
CCL22 NM 009137 -16.72345
CCL3 NM 011337 -16.54447
IL18 NM_008360 -13.71790
CCL5 NM 013653 -12.84745
Csf2 NM_009969 -4.662137
TGF-p1 NM 011577 -3.944325
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Down-regulation of pro-inflammatory cytokine expression by apigenin. LPS-treated RAW264.7 cells were incubated with

50 uM of apigenin (APG) for 16 hr. Total RNAs were prepared from treated cells and then cDNA was synthesized.
Real-time PCR was performed using gene-specific gene primers whereas GAPDH was used as an internal control. The
result of qRT-PCR was indicated as a bar graph, whereas the result of FPKM measured by RNA-seq was indicated
by dot. (FPKM: Fragments Per Kilobase of transcript per Million).
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