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Quercetin Inhibits Inflammation Responses via MAPKs and NF-kB Signaling
Pathways in LPS-stimulated RAW264.7 Cells
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Quercetin is one of bio-flavonoids which are abundant in fruits and vegetables and has been reported
to have various pharmacological potentials such as anti-oxidation, anti-inflammation, anti-cancer, and
anti-virus effects. In the present study, the anti-inflammatory effects and its working molecular mecha-
nism of quercetin were investigated in mouse macrophage RAW264.7 cells. Quercetin significantly
inhibited nitric oxide (NO) production in a dose-dependent manner without affecting cell viability
and decreased inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) expression in
LPS-stimulated RAW264.7 cells. In addition, quercetin decreased phosphorylation of p38, JNK, and
ERK, and inhibited phosphorylation of NF-kB p65 protein and its inhibitor IxBa indicating that querce-
tin has the anti-inflammatory effects via regulation of MAPKs and NF-kB signaling pathway. We
also detected expression changes of four kinds of pro-inflammatory cytokine genes (CSF2, IL-1B,
IL-6, and TNF-a) with quantitative real-time PCR. The results showed that quercetin decreased the
expression of four pro-inflammatory genes in LPS-stimulated RAW264.7 cells. Overall, our results
showed that quercetin effectively suppressed inflammation responses induced by LPS in RAW264.7
cells via regulating MAPK and NF-kB pathway and down-regulating the expression of pro-in-

flammatory cytokine genes.
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Table 1. Primer Sequences used for real-time PCR

Journal of Life Science 2022, Vol. 32. No. 11 901

24

A |.I=1I k]

=< =

=

Quercetin0| 2|8t nitric oxide AF Maj X
CHIHE] Hi5 ofF|

Quercetin®] LPSZ 51
nitric oxide (NO) A4t} A2 A E-&of

TR NO+= He 2 A5 whgol #o
AAAE7F B A=l Eﬁg}@] Al 9]
S {3t AT 14]. B AT A}, Fig. 1A
vle} o] quercetin®] %E‘ﬂé(s 10, 20 pM) =gl ¢
RAW264.79] A2 AEEE & FFo] At ¥
LPS A&l g Z7189 NO A quercetin 2] 743101]
9]—3]] =T o ;H © F NO A2to] ZHAaEE=E 74 S 3;:].0] 5}
S thFig. 1B). &, quercetin®] F=% 8= RAW264.7
AE QEEdE TS HXA FOHA, NO ks &
T oEHog AN O 7N ZhR o= quercetin®]
FEFT 24E AL AeE v st

Quercetin®l] &3] NO AJ4to] A= 28 7|HE A
T3t7] 9fsf iNOSeh coX-29] @i wE-S AT
T}, iNOS+= NADPHS®} 4FA 2 L-arginineS citrulline .2
3N A NOE AdstA AoH12] =3 COX2& &&=
PGE, & A Adslt+= A& FvlstH, PGE, &= AH#lAl 7174
L prostaglandin© 2 FZ2] 4l mjAAN=E dHA ATk
[26]. Fig. 2014 ®RE H}% 2ol LPS A2l o35 dA s}
Al 718 iINOSe} COX-29] T d & o] quercetin *] €
o 93 T= EZ o Z iNOS9 COX-29] TS U
A AT} o] # 3 A= quercetin®] iINOS2F COX-22] T
A s AN EN FEF 24 el AE
Sl =

02
ol
e
m

2

o o
2 1
i
g
N
2
3

F—l[:
Ir of
=
o

o]

&2 rN
of

o
o r
N

_]

oF
=

BN
Lo jw

k)
op
2ol oo o2 x

e
2

Quercetin0il 2|8t MAPK 21& ANl

Quercetin®] FEF A AE 2574220 MAPK 74
2ot AN FHE7] Y5t MAPK A2 Tz o
Q14HeE BA319 T MAPK H 25 484 TLRe 2] &)

Gene name Transcript 1D Gene sequence
cse2 NN 0099694 R 5 CTGOGCTCACTGCAAAAGAG-S
1p NM_008361.4 R: 5GACAGCCCAGGTCAAAGGTTS
g NN001314054.1 R: 5 TGTGACTCCAGOTTATCTCTTGGS
™ NM_001275601.1 R: SCCACTIGGTGGTTTGTGAGTG.
GAPDH NM._001289726.2 E: 5'-AGGAGAGTGTTTCCTCGTCC-3’

1 5'-TGAGGTCAATGAAGGGGTCG-3’




902 BBUERIX| 2022, Vol. 32. No. 11
A 120 B 120
100 A T T 100 =
@ @
° a
$ 80 - 804
> S -
5 g
2 60 .E 60 il
= >
2 g
S 40 4 5 401
= 0
o z
20 1 20 -
0 : ; . . . 0 . . . T .
veh LPS 5 10 20 Veh LPS 5 10 20
Quercetin (uM) Quercetin (uM)
Fig. 1. The effects of quercetin on cell viability and NO production in RAW264.7 cells. (A) LPS-stimulated mouse macrophage
RAW264.7 cells were treated with quercetin (5, 10 and 20 uM) for 24 hr, and then cell viability was measured using
MTS assay. (B) Nitric oxide production was measured using Griess assay. Significance was determined by t-test.
***p<0.001 vs LPS.
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Fig. 2. Down-regulation of iNOS and COX-2 protein by quercetin. RAW264.7 macrophage was pre-treated with LPS (0.2 pg/ml)
for 1 hr. And, cells were treated with quercetin (5, 10, and 20 uM) for 24 hr, and then cell lysates were prepared.
(A) Western blot analysis was performed by using anti-iNOS, anti-COX-2, and anti-Actin antibodies. Protein expression
was quantified with “image studio” program. (B) iNOS/Actin, (C) COX-2/Actin.
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Fig. 3. Suppression of MAPKs phosphorylation by quercetin. RAW264.7 cells were treated with quercetin (5, 10, and 20 uM)
for 4 hr and then stimulated with LPS (0.2 pg/ml) for 30 min. After treatment, cell lysates were prepared and subjected
to Western blot. (A) Western blot analysis was performed by using anti-p-p38, anti-p38, anti-p-JNK, anti-JNK, anti-p-ERK,
anti-ERK and anti-Actin antibodies. Protein expression was quantified with “image studio” program. (B) p-p38/p38, (C)

p-JNK/INK, (D) p-ERK/ERK.
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Fig. 4. Inhibition of NF-kB signaling pathway by quercetin. RAW264.7 macrophage was treated with quercetin (5, 10, and 20
uM) for 4 hr and then activated with LPS (0.2 pg/ml) for 30 min. After treatment, cell lysates were prepared and subjected
to Western blot. (A) Western blot analysis was performed by using anti-p-p65, anti-p65, anti-p-IkBa, anti-IkBo and anti-
Actin antibodies. Protein expression was quantified with “image studio” program. (B) p-p65/p65, (C) p-IxBa/IkBa.
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Fig. 5. Down-regulation of pro-inflammatory cytokine genes by quercetin. LPS-activated RAW264.7 macrophage was pre-treated
with LPS (0.2 pg/ml) before quercetin treatment. And then, quercetin was incubated with quercetin (5, 10, and 20 pM).
After 24 hr treatment of quercetin, total RNAs were prepared. The mRNA expression of (A) CSF2, (B) IL-1B, (C) IL-6,
and (D) TNF-a was determined by quantitative real-time PCR.
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