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Effects of quercetin on inflammatory response in allergic rhinitis rats through TLR4/IRAK4/NF-kB signaling
pathway

LEI Xixi, DENG Kebin, JIANG Rui(Dept. of Otolaryngology, Hubei Provincial Hospital of Traditional Chinese
Medicine, Wuhan 430006, China)

ABSTRACT OBJECTIVE To investigate the effects and mechanism of quercetin (QUE) on inflammatory response in allergic
rhinitis (AR) model rats based on Toll-like receptor 4/interleukin 1 (IL-1) receptor-associated kinase/nuclear factor kB (TLR4/
IRAK4/NF-kB) signaling pathway. METHODS AR model rats were constructed by ovalbumin sensitization method. A total of 48
successfully constructed rats were randomly divided into AR group, QUE-L and QUE-H groups (i.g administration, 17.5, 35 mg/kg)
and QUE-H+TLR4 activator lipopolysaccharide (LPS) group (i.g administration of 35 mg/kg QUE+intravenous administration of
0.4 mg/kg LPS via tail vein), with 12 rats in each group. Another 12 normal healthy rats were selected as control group, once a
day, for 21 consecutive days. After the last medication, rhinitis symptoms of rats in each group were scored. The serum levels of
immunoglobulin E (IgE) , histamine (HIS), and inflammatory factors were all detected. The proportions of regulatory T cells
(Treg) and helper T cells 17 (Th17) cells in blood were detected, the Th17/Treg ratio was calculated, and the pathological
condition of nasal mucosal tissue was observed. The expressions of TLR4/IRAK4/NF-kB pathway related protein in nasal mucosal
tissue were determined. RESULTS Compared with control group, nasal mucosal tissue damage in the AR group was more severe,
with partial shedding of epithelial cells, the proliferation of goblet cells, and obvious inflammatory cell infiltration. The rhinitis
symptom score, the levels of IgE, HIS and IL-17, Thl7 proportion, Th17/Treg ratio, p-IRAK4/IRAK4 and p-NF-«kB p65/NF-«B
p65 ratios as well as relative expression of TLR4 protein were increased significantly (P<<0.05) , while IL-10 level and Treg
proportion were decreased significantly (P<<0.05). Compared with AR group, the pathological injuries of nasal mucosa and the
above indexes in QUE-L and QUE-H groups were all improved significantly (P<<0.05). LPS treatment could reverse the
improvement effects of high-dose QUE on histopathological damage to nasal mucosa tissue and the aforementioned indicators (P<<
0.05). CONCLUSIONS QUE can inhibit the inflammatory
response in AR rats by inhibiting TLR4/IRAK4/NF- kB
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Tof #5 £%% (allergic rhinitis, AR ) J& T H- &0k Rl
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4, TLR4)/FA 40 A% 1 (interleukin 1,TL-1) 32 & FH &1
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kB 1550 % th &, WP 6 AR KRR AE S
Y SEI S AR FHBLE], LU AR TGS TR i -
1 #
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(g BTRr T A AR B A7 PR ] L dik55 Q463731 41
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LPS; b 5t R 3 £ B A7 R A |, ik 45 L8880, 4l i =
99%) , B 186 11 (ovalbumin, OVA ; PU 1| 45 4k 52 23 2 )
HABR W) IgE (HIS B A0 02 0 B 56 00 2 (ELISA)
R DU S AR R R A BR A W) it 43
%k E-EL-R0517 .E-EL-0032) , [1 2l i /) % 17 (interleu-
kin-17,1L-17) \IL-10 ELISA 17 & (F5 5 2% DA 2y Bl
HeA PR, #5435 SBI-R0601 ,.SBJ-R0095) , TLR4
Pk (B mU R s P E YR A TR A R LS 35463) , WA
1k IRAK4 (p-IRAK4) . IRAKA FifA& (I T 52 A8 4 4F
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YR AT BR A A 4it5-53- 59124 PL0303692 . PL0402581) ,
W2 1k NF-kB p65 (p-NF-kB p65) \NF-kB p65 #7114 (It
PHOT 26 A= W B4 A BR A A, 45 43 51 o WL02169
WL01980) , AR it S AL Pl (HRP) A ic 9 — 5T (Fb st ik
B A AR A IR ] A5 8018021),CD3 .CD4 Hi A
(RS H AL DR AT FRA W], #1625 53 071 4 bs-10498R
XY-02121) ,CD25 . Foxp3  IL-17 Hi K [Z 245 ( 1) 4
VIR A BR A\ 45 53 5 24 abs149147 , abs118887
abs121447],B-WL3h 5K 11 (B-actin) Fi A (H§ 5 B8 X414
BHEABR A F] 5 48139)
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AT BT S b fik )3 SPF 2% SD R4 e K R,
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2021-0027], FF K BUGE 57 FE R B (25+2) °C IR
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B R BUEE W PRI 11, SR 62 R BB AL
Ay R HEZH (Control 40, n=12) FIEAEZH (n=50) , T
20 R FRUE I 7 59 1 mL OVA R & [0.3 mg OVA . 15 mg
AI(OH)s.1 mL 0.9% NaCl¥# i B, b H 35 19k, &
B TR SEI A 15 RAE 18 AR BROBUAN S i v 43 531 i A
0.05 mL OVA TR ARSL BB, B K 1R L7 dY X
FRZH A BRUIR] A0 s 1 S5 T S AR R A R K . R
Eb 5 AR ERL 30 min P98 B UCE TR AN B0 e A
FEIF AT IRAY, B4 =5 3 FoR m R N, B4 Il
48 HR RS R Y) .
22 HA54Y

W 48 HIE A T i) K BB ML 4 S AR 4, it Je R
15 . 75 7 4 20 (QUE-L ., QUE-H £H ) Fl#i Kz 2% v 7 4+
TLR4 4% 77 41 (QUE-H+LPS 4 ) , 440 12 H , QUE-L
2 \QUE-H 4 K 43 IE H 17.5.35 mg/kg #it iz 28 51 2
Fr bk 5 10 mL/kg A= BEER K™, QUE-H+LPS 2H K fil i H
35 mg/kg it iz 25 91 8 ki3 5 0.4 mg/kg LPS™, Control
ZHF1 AR 2H K BUE 10 mL/kg A= FER 7K I R 80 bk 13 557
10 mL/kg AEFRERIK ; BER 4524 11K, 15 4E 21 d.
2.3 BRERKTS

KRR 2455 30 min P, RS FlbE S T ish T IE
SR IR TR o BARTE bR iEan T B ——1 7,
BB LR 5 251 AR AN S5 3 43, be bk BeT A1k, 3
AbEEYE . WER——1 2, W R ST AL 2 43, o BT AL
3%, UL T, FEE I . ATBERE ——1 43, 1~3 15
247, 4~101>334r , 114 KD |

China Pharmacy 2025 Vol. 36 No. 7 - 833 -



2.4 MiEHIgE HIS K #AE B F 7Kk F4

S RFEARVE 3 5o, W 3 S 3 L 22 R R
SR BRI 3 Bl kit , BB 2 1A 0o AR VWL RS
¢ B ELTS A 501 G 156 W1 43 77 A0 1t 375 v IgE (HIS | IL-
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JEHEAT R AR M . AR P B (1 #E4T SDS-PAGE HL Uk
(120~150 V HLIKZY 1 h) 43 &5, FRR AR 1 BT 4% (110 v
5% 60 min) 2 PVDF i I, SR )5 I A GRS 083 £ 141 1 he
JA B-actin (F B H 52 11 000) LA K2 TLR4 . p-IRAK4
IRAK4 , p-NF-kB p65 .NF-kB p65 —i (Fii B L 45 241
1:500) ,4 °CHFE 4 ; VEEJS , A HRP AR 10 /9 — 471
(W RELL I 1:10 000) , R IRIFE 1 ho PEES TG
8, RAEFUS T FH Tmage J#E /T 405 I . LA
H B RN 2 (B-actin) 2R 4R R BE(E LU (3078 B 1)
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2.8 SitFEFHE

K I SPSS 25.0 B XS B AT Ge it oA . THiE v
BT IES AL x + s 2R, 2400 LR H BN &
T3 28534, 4L 1A) PR 9 LU Bk T SNK-g A6 3 o 30 7K A
a=0.05,
3 H#R
3.1 #EEX AR KR ERERTES BN

5 Control 41[(0.50 + 0.09) 43 Fb 5% , AR 41 K & R
SERPEM(7.08 £0.74) 431 & TH i (P<<0.05) ; 5 AR 4H
L #, QUE-L 41 . QUE-H 4 K Bl & &S R IT 53 [ 43510
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(4.83+0.51) (2,17 £ 0.23) 433 B F AR (P<<0.05) , H.
QUE-H 414 QUE-L 4145 {5 H &} (P<<0.05) ; 55 QUE-H
21 b4, QUE-H+LPS 41 K B & R RE IR 9F 43 [(4.25 +
0.44) 3] . EFHE (P<<0.05)
3.2 MEEITARKRINGEH IgE HIS /KFEHI 20

5j Control 41 FL#5 , AR 41K FRUIML ¥ 1 IgE \HIS 7K
Y18 E T (P<0.05); 5 AR 41 4%, QUE-L 41 .QUE-H
2H K BRI 1 1gE  HIS /K £ 18 & B IR (P<<0.05) , H.
QUE-H 41 # QUE-L 4128k B HH i (P<<0.05) ; 5 QUE-H
2H He 38, QUE-HHLPS 2 K B i 7 1gE  HIS 7K F- 34 .
FTHE (P<<0.05), SR WFE1.
R1 HBAXRMBFDIGE HIS/KFELB (x+5,n=12)

Eibl 1B/(UfmL) HIS/(ng/mL)
Control 41 175£0.18 15.34+1.62

ARYL 4281045 39.62+4.08
QUE-L4 3.16033° 28.07£2.95
QUE-H4 191£020% 16.25+1.73*
QUE-H+LPS 4| 3024031 26.79+2.86°

a: 5 ControlH L #5 , P<<0.05;b: 5 AR HL#, P<0.05;c: 5 QUE-
LAl b#, P<<0.05;d: 5 QUE-H4I b4, P<<0.05,

3.3 R EX AR KR M B R E E F 7k F R R0
5 Control 1 Fb 38, AR 21 K BUIML I A IL-17 7K &
FTH i (P<<0.05) ,IL-10 7KF- i Z AR (P<<0.05) 5 5 AR
ZH He 8, QUE-L 41 . QUE-H £H K BRI i Y TL-17 7KSF- 4
2 A (P<<0.05) , TL-10 7K -2 g 2 T (P<<0.05)
H QUE-H 4 # QUE-L 4 4% fk. 1 B & (P<<0.05) ; 5
QUE-H 4 1.4 , QUE-H-+LPS £H K K i v IL-17 /K &
F T (P<0.05) ,IL-10 /K F i E AR (P<0.05) , 4554
W2,
%2 RAKRMFDIL-17 IL-10 KFEELR (x +5,n=
12,pg/mL)

413 IL-17 IL-10
Control 4} 142.36£15.26 59844613
AR% 2507842713 0314235
QUE-L# 2360£2234 37194387
QUE-H# 15942+ 16,58 56784 5.79"
QUE-H+LPS4L 20351 £21.52° 39.05+4.05'

a: 5Control4] HL#% , P<<0.05;b: S AR4L H#, P<<0.05;c: 5 QUE-
L2 Lb#, P<<0.05;d: 5QUE-HA b4, P<<0.05,

3.4 MR EIT AR KR £ I 6% 240 A bk 51 B 52 R

5j Control 41 FL#5 , AR 41K Rl 4 1fiL *F Th17 H 45 Al
Th17/Treg {834 i F+ & (P<<0.05) , Treg L1 i &%
R (P<<0.05); 5 AR 4 L #2, QUE-L 41 . QUE-H 41 K
4= 1fi 7P Th17 e 5] 11 Th17/Treg [ ff 35 & 2 P& K (P<
0.05) , Treg M43 44 i 2% 7} & (P<<0.05) , H QUE-H £ %%
QUE-L #H 77 1k 55 B & (P<<0.05) ; 5 QUE-H 4H It %%,
QUE-H+LPS 4 K fl 4 1L 1 Th17 il A1 Th17/Treg HAE
¥ & T (P<<0.05) , Treg [t 9] ik 35 P& A (P<<0.05) .
SRS,
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x3 KAKXREMA Thl7, Treg Lt 5IF1 Th17/Treg Lt
B (x+s,n=12)

Eibl Thi7/% Treg/% Thi7/Treg
Control ] 1232018 825087 0152002
AR4L 6155067 4005044 1532016
QUE-L#! 4081044 5964063 0.68£007"
QUE-H# 187£021" 8.11£0.85% 023003
QUE-HLPS4] 3,76+ 0.40° 5842061 064007

a: 5 Control4] FL 4%, P<<0.05;b: 5 AR4I H 4, P<<0.05;¢: 5 QUE-
LA b4, P<0.05;d: 5QUE-HA 45, P<0.05,
35 MWREENARKREFEALRFETHAFM
Control 2] K BB LUEE M IEH , T B
RS ; AR ZH KBRS RE AR A 2340 5™, b B2 AR
B Wi, AR A MO 3G A=, T U 248 6 [ J5 7K e | =6 48 1
Yok S Y] A0 40 121 s QUE-L 4 .QUE-H 41 K i
BRI SR A, R ANIRTEAS SRR 52 AT
TE/D R JE A0 0321 ; QUE-HA+LPS 41 K fil % QUE-H 44
L ZE L 2O B AT N
55 Control 4H[(0.17 + 0.02) 73] b4 , AR A FRUE e
HYRHPES[(2.67 £0.31) 3] B 7H 5 (P<0.05) 3 5
AR L4858, QUE-L 4 .QUE-H 41 K [l £ Zh I 20 S U5 B
530k (1.50 +0.18) . (0.67 +0.08) 4313 ik F AR (P<
0.05), H QUE-H £ % QUE-L 21 A8 fL 5 Bt (P<<0.05) ;
5 QUE-H 4 [ #% , QUE-H+LPS £H Jk L 5 26 I 20 205 B
PEA3[(1.83 +0.20) 70 & T+ (P<0.05) . Z5ALULIE 1,
) —

>

RN S
E. QUE-H+LPS 4
T ZLEATT AR m BT , 2 Sk 48 1) RAEANAE
1 BAXREFEALREESEHME(HER®)

3.6 MK ZEXT AR KR E IR AHE F TLRY/IRAKY/
NF-kBIS S@BKBXEQRILZWZIE
5 Control 41 Ft3¢ , AR 41 K BB 2l i 41 21 v TLR4
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B M W 2635 & M2 p-IRAK4/IRAK4 ., p-NF-kB p65/NF-
kB p65 HE ) i 3 T (P<<0.05) ;5 AR 41 4%, QUE-
L 20 .QUE-H 2H K Fil 52 Zh A5 4 41 v TLR4 25 A X K
12 % p-IRAK4/IRAK4 . p-NF-«kB p65/NF-kB p65 L {1 14
B FFEAK (P<<0.05) , H QUE-H £H# QUE-L 41 7% {k. % 1]
i (P<<0.05) ; 5 QUE-H 41 .4, QUE-H+LPS 41 K fil &
AR ZH 2 TLRA 85 I AHXS 3238 & S p-IRAK4/IRAKA4
p-NF-«B p65/NF-kB p65 A % THm (P<0.05) . 45
R 2 %4,

TLR, — D TS a— 05 kD2

pIRAK] W— S w— e—— D),

RAK: WS S S W S Do
P-NF-kBpES e G S — S 65kDa
NFcBpos D D D SRS S G5 Do

Bactin NS NS G S A D
A B C D E
A:Control4] ; B: AR4 ; C: QUE-LZH ;D QUE-H?H s E: QUE-H+

LPS4H .,
E2 ‘HEKXREFIRAL S TLRYIRAKA/NF-kB 15

SEREXEERIEREIKE
x4 FHKXRBEFEAL B TLRY/IRAKA/NF-«B 15

SEREEFEARIEKELRE (x+s,n=6)

4 TLR4B-actin pIRAKAIRAKE  p-NF-kB pbS/NF-kB p6s
Control 44 0414005 0354004 0.31%0.04

ARYL 0.90+0.07° 0.85+0.09° 0.7740.09°
QUELA 0.73+008° 0.66+0.07° 0.51+0.06°
QUEHA 048+0.05" 0414005 0374004
QUE-HLPS4] 0.71£0.08° 0.63+0.07° 0.56+0.06°

a: 5 Control4] 4%, P<<0.05;b: 5 AR4L L4, P<<0.05;c: 5 QUE-
L4 He#, P<<0.05;d: 5QUE-H4 He# , P<<0.05,

4 1Fig

AR JE T 5 UL 85 5 AR PR PR , F2 B R R
ANRIE A A8 7 JFUS , Thpl 8006 7= A G Re 2, B 4
TG T A B SRR S TR, SR 5 H A RS A Bk
JEA R HIS IL-17 45 /R T S B0 4120, 5| & 5w B
RO K RAE . BEEREAL A DM R B PR Bt
Jifga T G Pt O Z R IIRE  ©OCTRYT AR Y
k2, CAWIE BN MY Rl B 0> AR /DR
IS G S I KR, % IgE \IL-17 . TNF-o 1 IL-6 45
SAE BT 2K, 30 2o A 9 RE SN, B35 7 45 1) S el
JIES, G i AREARY ™ AR 2550 o , iz R mT B
TR K R B S SR P40 R I s PR TgE \HIS /K, ik — 25
B TE T 4R 28 P AR K RUEAR

e IR Ay B 9 A F N 5 AR Y e A % S s DA G
1M Th17/Treg M fF Horh k48 2 XHEMIERH . Thi75
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Treg /2 N 92 (1 B B ARy, I I 0T, P Ak

TSP AERF MLIR G028 5 T 24 AR & 2RI, Thi7 LE

(5 RA S8, S SRR AY TL- 17 45 G RE R T4 %2, ek

IgE \HIS 4= i, , [R] i ] Treg 43 IL-10 28410 48 K1, 3F

M-S BB, 51 % A B RBevEsm™ . W Ros,

) NF-B 3K 0] i Th17/Treg 2 A , it 0 [ IgE |

IL-17 7K F, JF i IL-10 7K, B3 AR K BB 4 4E e

N AR A5 WOR Wi 2K AT AR Th7 H A

Th17/Treg H{E M IL-17 7K ¥, F+ 78 Treg H i K TL-10 7K

o XN M Bz 3R AT S R Y Treg/Th17 -4 , #11 il

AR KRS S

TLR4/IRAKA/NF-«B {55 553 % 15 b H 28 2 SiE #H 5

T %, 7E AL 4E AR TE N 1 22 R G5 S8 RE AH SCHA 1Y 4 e

PR R E AR . TLRAE N 12 B 7 M iE B

R B SR 200 A 286 M52 i 448 oL T 194 SR AR fe i =2

A, LA SZ B SN BERIEAINT , TLR ZE A5 TLRA $¢

S H OS5 S SRS S S BURAKA BRI AL, 0

NF-kB, 5% Treg/Th17 V-1 , ¢ i fig & 33k, 51 &

SRR SR ", B 44 TLRA/NF-B f5 2

T R RSN M AR, D ik S B R 2 U s ek

AR R BUEIR™ 0 AWF T 45 2R W, A B 2R AT R A

AR K B 5 Z I 41 21 P TLR4 K 14 A X 26 35 i X p-

IRAK4/IRAK4 ,p-NF-kB p65/NF-«kB p65 HAE , $278 HiA]

AEIE i 1] TLR4/IR AK4/NF-kB {55 5388 B0 14, 2 1 410

il AR KBRS SAE SN o A A BIFSE A 1o 701 A g 2% Ak

PR AR KB 45T TLR4 B ) LPS AL BE, 45 R % B, K

Bl £ 286 155 20 20 b TLRA £ 11 AH X & 35 & )% p-IRAK4/

IRAK4 ,p-NF-kB p65/NF-kB p65 FAE 24 55 , 33 15 B

B 20 AR KBRS SN 4 0 1V FH #3300 e, S0AiE 1 i

iz AL i ] TLRA/IRAKA/NF-kB {55 10 4% 7 , Uik

2 AR K IAE L

25 bk M 3R a] i ok 0 TLR4/IRAK4/NF-kB
5 I AR AR KR AEAE SN o {H AR &AL

552 A i B 2% AT R ok 4 FL A P 5 ) AR & e

HERE N Z A58 AT BEAFAE S B A A i i /)y LS50 N 28

R AT Al , ATy S 22 S LA IE

S5 3k
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