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WE: AWt iE L fE £ B (lipopolysaccharide, LPS) i ‘7 RAW264.7 41 At & 37 48 fF S MR Y, $R 3 H &0 47
(tilianin) X 48 AE S N 52 f2 HeAE LA . 83T CCK-8 (cell counting kit-8) S 56 46 U 41 i 7% 77, HiEFG 5 128 W B SI2 56
(enzyme-linked immuno sorbent assay, ELISA) £l il 8 ¥5 5L K T & (tumor necrosis factor-a, TNF-a) Al 140l /% 6
(interleukin 6, 1L-6) & & ; Griess 184 71 ¥ & Ml — 24k % (nitric oxide, NO) & &; 2\, 7- ~ & ~ AR N & ~ LRHR
(2',7'-dichlorodihydrofluorescein diacetate, DCFH-DA) FéGHRET I AH M P& 14 41 (reactive oxygen radical, ROS) 7KF;
Western blot o Jll Toll #5214 4 (Toll-like receptor 4, TLR4). B 7314 [5 1~ 88 (myeloid differentiation primary response
gene 88, Myd88). #% #% 3% K] T--xB p65 (nuclear factor-«B p65, NF-xB p65). i g 1k #% %% 5 [Hl T--«B (phospho-nuclear
factor-«B, p-NF-xB)NF-xB I ] & 1 « (inhibitor of NF-«B o, IxBe) AR 1k NF-xB 1 £& 9 a (phospho-inhibitor of
NF-xB a, p-IxBa) 1155 1 3R % /K F; qRT-PCR 7% 1 Western blot 4 ill Nod #f 5 14 2 1 3 (Nod-like receptor protein 3,
NLRP3).IL-18Hi {4 (pro-IL-15)-IL-18 i f4& (pro-1L-18) Fl {2 K 4 &R & I M- 1 BT {A& (pro-caspase-1) fJ mRNA
AR A KT s v 6 Y (ks M NF-xB p65 1% # 47 ; f# ] TLR4 #1177 resatorvid (TAK242) 33— 45 56 iIF FH i 3 X
TLR4/Myd88/NF-xB {5 5 Ml B 1520 . 45 5L IR, H AT 5 E AL T RAW264.7 4l ig_F 3% 1 TNF-a.1L-6 FINO /K-F
DL A 40 0 A ROS & & . FH &I 1 FA 1% T TLR4.Myd88.p-NF-kB p65 il p-IxBa 25 [ % iA /K, 1 T NF-«B p65 [
AL, [R5 2 B {IX T NLRP3. pro-IL-1p- pro-IL-18 Fl pro-caspase-1 it & FH & 34 7K *F LA & NLRP3 Fl pro-IL-15 ]
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Tilianin downregulated TLR4/Myd88/NF-xB signaling pathway to
inhibit NLRP3 inflammasome and inflammatory response
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Abstract: In this study, we investigated the anti-inflammatory effect and mechanism of tilianin in lipopolysac-
charide (LPS)-induced RAW264.7 cells. The cell viability was detected by cell counting kit-8 (CCK-8) assay. The

AR 1 H: 2024-03-13; & [91 H 3 2024-04-26.

FEETH  WEREE R EA X AR S (2022D01D50, 2023D01B46, 2023D01E10); F 5 [ AR FF 5 4 & B0 H (82204767); i3] S 75 RHEL &
JEE T (ZYYD2022A02); 55 4t K L5 A B 37 1 Rl 5 L4 A4 T H (2023TSYCQNTI0010); HrdE4E & /R B A X BHIFL 55 9% (ky2023091).

BT Tel: 13999178585, E-mail: xjguodd@163.com; 872780352@qq.com

DOI: 10.16438/7.0513-4870.2024-0228



TNF A H AT R I TLR4/Myd88/NF-xB 15 5 18 I ] NLRP3 4 i /M4 5 I 8L © 2013 -

content of tumor necrosis factor a (TNF-a) and interleukin-6 (IL-6) were detected by enzyme-linked immuno
sorbent assay (ELISA) kits. The content of nitric oxide (NO) was assayed by Griess reagent method. The level of
intracellular reactive oxygen species (ROS) was detected by 2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA)
fluorescent probe. The protein levels of Toll like receptor 4 (TLR4), myeloid differentiation primary response gene
88 (Myd88), nuclear factors kB p65 (NF-xB p65), phosphorylated nuclear factor kB p65 (p-NF-xB p65), nuclear
factor kB inhibitory protein a (IxBa) and phosphorylation nuclear factor xB inhibitory protein o (p-IxBa) were
detected by Western blot. The mRNA and protein levels of NLRP3, pro-IL-1/, pro-IL-18 and pro-caspase-1 were
detected by qRT-PCR and Western blot. Immunofluorescence staining was used to detect the nuclear translocation
of NF-«B p65. The effect of tilianin on the TLR4/Myd88/NF-«B signaling pathway was further validated by using
the TLR4 signaling inhibitor restatorvid (TAK242). The results showed that tilianin significantly reduced the levels
of TNF-a, IL-6 and NO in the supernatant of RAW264.7 cells and decreased the content of intracellular ROS.
Tilianin reduced the levels of TLR4, Myd88, p-NF-«B p65 and p-IxBa protein and nuclear translocation of NF-xB
p65. Tilianin could reduce the protein levels of NLRP3, pro-IL-15, pro-IL-18 and pro-caspase-1. Tilianin signifi-
cantly inhibited the mRNA levels of NLRP3 and pro-IL-15. The above research results indicated that tilianin could
significantly alleviate the LPS-induced inflammatory response in RAW264.7 cells and its mechanism might be
related to downregulate the TLR4/Myd88/NF-«xB signaling pathway to inhibit NLRP3 inflammasome.
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P41 (tilianin) 25T 98 O 24 2 75 22 op () 2 200
PERLAY, J& T IR AL A, AR AE /T IR 7 R R
U ] oC o R L 8 A 45 45 LA R B ik s B
A S5 R R I — @ AR E R o 7RO UL I
T b, A OR R 3 B s ok R
A B A IR SR A N B ) R A O TR R R
i SN KRB

RNE ST XS 2 T L A SR AR AR 9% 70 5152 (pathogen-
associated molecular patterns, PAMPs) F14514%5 #H 5% 43
153 (damage/danger-associated molecular patterns, DAMPs)
V5T 15 0% 52 GURE I 2 T 2 P BT A A IR 1) DR
P R 96 RE 1 & A2 5 Nod B 32 44 85 111 3 (Nod-
like receptor protein 3, NLRP3) # it /INA [ 1 4% 25 DA
Ko NLRP3 48 E /)M A 2 5 5 445 8 e B4 19 1 98 0
IV R R 1 EAE 1 N (= B 7SR L L e R o
B 2 FhCE I AE ERIEMAE 5, HOE LR E R 3
N SRS RIS U G o = 2] 1= 0 7 € S o ) A B K o
4 i PR 38 3 V0 A % ) Bl 7 -k B (nuclear factor-«B,
NF-«B) filt & NLRP3.IL-18 §i {& (pro-1L-18).IL-18 i
& (pro-IL-18) 1 it 2 R K 4 2 R & 11 Mg -1 1 14
(pro-caspase-1) M %% 5% . 7EWUE M B, 2 Fhofil 2 it
NLRP3 (1 3£ A6 LL K NLRP3 4 i /M (1 2H 2%, B )5 e
B— FRIN NI ARRE RN PREZH I FE 6 B % 11 1) 98
JiE SN, fHN) NLRP3 48 i /MA BB 72 v R HEAT, PRI
BIFFLET X 8 17 5 NLRP3 28 5 /IMA I 0% &R I 5256 .

TR T 2 — ol 2 R S S T ML, AE SOE S b R
P ZHME A, 1 NLRP3 #85E /MATT A 548 44
A 40 % G FIT 24 R A5 49 P e 2 S R, 3 P 4 R T

A S B 3 B 58 NLRP3 % E /I 4 5 B 208 [ M .
RAW264.7 411 il F A WG 20 i R R AL, 6045 75 1 2 RE
AN B 5 6 70, 5 FLTBE T8 9 RE AN G 8 e i, A e
AT 7 3% HL RAW264.7 4H 1 N 00 5

I Z ¥ (lipopolysaccharide, LPS) & % =% B M 14 41
JBE ) 5 L2 BB o), 2 T EOVLAR 28 AE 1 7 4 B 2 3
5 R 7, BE S 0T B A i A 2 A & A i AR
P 2 38 ] A1, LPS BE 9% 17 5l Toll ¥ 5% 44k 4 (Toll-like
receptor 4, TLR4), i j5 il i 15 5 # S 2 HHE LR F
88 (myeloid differentiation primary response gene 88,
Myd88) 5 3 NF-«xB 13 1k, ¥ 5 28 JiF 5 K (¥ R0k, i
M5 AAE, 73 KR RS i . TLRA{E 5 IH ) A
BT IR, iR — RN RAE R,

AW TS TE I NLRP3 45 /N4 R 4R A VR N BF 5
P86 £ BT 28 A P VR AL o s A1) LPS )3
RAW264.7 4 il LA 75 i 2 0 S L, WL ¢ ] 7 RE
RERE R R B, IF R R AR SR AT B B AR B .
KRN T BT AE ST R AR A BG4 1R
IRL S, FRTRE T AH (M PL 2 25 W S (1 B %

Mr55E%

HREAF AT (HPLC 45 )% 98%) H3H i 4k
LR AR X 25 FL BT B H] (#5: 20170805); LPS
(L2880, 41 [ : 299%; 3 [F Sigma A #); & P4 (reac-
tive oxygen radical, ROS) & Ml i 7] & . — % £ &
(nitric oxide, NO) #MRF) & (LigE = RAEMHEARE
B s 7); cell counting kit-8 (CCK-8) 7] - [ 83 4 4T [l
F-a (tumor necrosis factor-a, TNF-a). [1 41 il /- % -6



- 2014 - 22224 Acta Pharmaceutica Sinica 2024, 59(7): 2012-2019
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Table 1 Sequences of the primers

Gene Sequence (5'to 3")
NLRP3 F: CTTGCAGAAGCTGGGGTTG
R: GAGTCCTGTGTCTCCAAGGG

pro-IL-15 F: CGCAGCAGCACATCAACAAGAGC
R: TGTCCTCATCCTGGAAGGTCCACG
pro-IL-18 F: CAGCATCAGGACAAAGAAAG

R: CAGTGTGCCCGAATAAAGAG
F: TCAACATCTTTCTCCGAGG

R: GCAAGGCTTCTGTAACATCTC
F: CACCATGTACCCAGGCATTG
R: CCTGCTTGCTGATCCACATC

pro-caspase-1
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BN 3 K, £ 10 min. Bl 5 #% ECL i 77 & vi B AT
WG i 52, 5 H Image TR0 2615 K T

i F 9 KA GraphPad Prism 8.0 #1417
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Tilianin reduced LPS-induced release of NO and inflammatory factors in RAW264.7 cells. RAW264.7 cells pretreated with

tilianin (5, 10 and 20 pg-mL™) for 12 h were induced by LPS (1 pg-mL™) for 6 h. A: RAW264.7 cells were treated with tilianin (0, 0.625,
1.25, 2.5, 5, 10 and 20 ug-mL™) for 24 h, respectively. Cell viability was determined by CCK-8 assay; B: The effect of tilianin on LPS-
induced NO production in RAW264.7; C: The effect of tilianin on LPS-induced IL-6 and TNF-a production in RAW264.7. n =3, x + 5. “P <
0.01 vs the control group; P < 0.01 vs the LPS group. LPS: Lipopolysaccharide; CCK-8: Cell counting kit-8; NO: Nitric oxide; IL-6:

Interleukin-6; TNF-a: Tumor necrosis factor-a
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Figure 2 Tilianin reduced LPS-induced ROS release in RAW264.7 cells. A: ROS level in cells was stained with DCFH-DA. The images
were captured by fluorescence microscopy (scale bar: 100 pm); B: Statistical analysis of the ROS per group; C: ROS level in RAW264.7
cells was detected by DCFH-DA fluorescence probe. n =3, x = 5. P < 0.01 vs the control group; "P < 0.05, P < 0.01 vs the LPS group.
ROS: Reactive oxygen radical; DCFH-DA: 2',7'-Dichlorodihydrofluorescein diacetate
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Figure 3  Tilianin inhibits NF-«xB activation and nuclear translocation in LPS-induced RAW264.7 cells. A: The level of NF-xB p65 and
p-NF-xB p65 protein; B: Western blot analysis of p-NF-xB p65; C: The nuclear translocation of NF-xB p65 in LPS-induced RAW 264.7
cells by immunofluorescence staining (scale bar: 25 pm). n =3, x + 5. "P < 0.05 vs the control group; "P < 0.05, P < 0.01 vs the LPS group.
NF-«B: Nuclear factor-«B
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Figure 4

Tilianin inhibited NLRP3 inflammasome priming in LPS-induced RAW264.7 cells. A: The levels of NLRP3, pro-IL-1/, pro-IL-18

and pro-caspase-1 protein detected by Western blot; B: Western blot analysis; C: The relative mRNA levels detected by qRT-PCR; n = 3,

x+s. "P<0.05, P <0.01 vs the control group; P < 0.05, P < 0.01 vs the LPS group. NLRP3: Nod-like receptor protein 3
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Figure 5 Tilianin downregulated TLR4/Myd88/NF-xB pathway in LPS-induced RAW264.7 cells. A: The levels of TLR4, Myd88, IxBa
and p-IxBa protein; B: Western blot analysis of TLR4, Myd88 and p-IxBa; C: Nuclear translocation of NF-«xB p65 in LPS-induced RAW
264.7 cells by immunofluorescence staining (scale bar: 25 um). n =3, x £ 5. "P < 0.05, P < 0.01 vs the control group; "P < 0.05, "P < 0.01

vs the LPS group. TLR4: Toll-like receptor 4; Myd88: Myeloid differentiation primary response gene 88; IxBa: Inhibitor of NF-xB a
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