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[ Abstract]
mucosal remodeling in allergic rhinitis (AR) via the interleukin-33 (IL-33)/growth stimulation expressed gene 2 (ST2)/interleukin-

Objective: To explore the mechanism by which Qidan Yifei Tonggiao granules (QDYF) alleviate nasal

1 receptor accessory protein (IL-1RAP) signaling pathway from the perspective of Qi-replenishing and blood-activating therapy.
Methods: First, according to the previous network pharmacology results, this study predicted the potential mechanisms of QDYF
in treating AR by screening key pathways, components, and targets. Molecular docking was performed via AutoDock and PyMOL
2.5.5. Subsequently, a rat model of ovalbumin (OVA)-induced AR was used for validation through in vivo experiments. Forty-eight
rats were assigned into 6 groups: Control, model, low-dose QDYF (QDYF-L, 4.04 g-kg"'), medium-dose QDYF (QDYF-M,
8.08 g-kg'), high-dose QDYF (QDYF-H, 16.16 g-kg'), and loratadine (0.9 mg-kg"). After 14 days of intervention, behavioral
scores of the rats were observed. The morphological changes of nasal mucosa tissue were observed by hematoxylin-eosin (HE)
staining. Masson staining was used to observe collagen fiber deposition in the nasal mucosal tissue and to calculate the collagen
volume fraction (CVF). The expression of E-cadherin (E-cad) in the nasal mucosa tissue was detected by immunofluorescence.
The serum levels of helper T cell 2 (Th2) cytokines interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-13 (IL-13) as well
as helper T cell 1 (Th1) cytokines interleukin-2 (IL-2) and interferon-y (INF-y) were quantified by enzyme-linked immunosorbent
assay (ELISA). The protein levels of transforming growth factor-beta 1 (TGF-B,), 1L-33, ST2, and IL-1RAP in the nasal mucosa
tissue were determined by Western blot. Results: IL-33, ST2, and IL-1RAP had strong binding ability with the main active
ingredients—wogonin, 7-methoxy-2-methylisoflavone, formononetin, naringenin, stigmasterol, and beta-sitosterol of QDYF,
with the binding energy < —4.25 kcal-mol" (1 cal=4.184 J). The results of in vivo experiments showed that compared with the control
group, the model group exhibited increased behavioral scores (P<0.05) , aggravated pathological damage of nasal mucosa,
increased collagen fiber deposition and CVF (P<0.05), elevated serum levels of IL-4, IL-5, and IL-13, up-regulated protein levels
of TGF-B,, 1L-33, ST2, and IL-1RAP in the nasal mucosa (P<0.05), down-regulated expression of E-cad, and declined serum
levels of IL-2, IFN-vy, and IFN-vy/IL-4 ratio (P<0.05). Compared with the model group, the QDYF groups and loratadine group
showed reduced behavioral scores (P<0.05) , alleviated pathological damage of nasal mucosa, reduced collagen fiber deposition
and CVF (P<0.05), and up-regulated E-cad expression (P<0.05). Compared with the model group, the QDYF-H group and the
loratadine group showed raised levels of INF-y and IFN-y/IL-4 ratio (P<0.05), declined serum levels of IL-4, IL-5, and IL-13,
and down-regulated protein levels of TGF-8,, IL-33, ST2, and IL-1RAP in the nasal mucosa (P<0.05). In addition, the QDYF-H
group exhibited an elevated serum IL-2 level (P<0.05). The QDYF-M group showed down-regulated protein levels of TGF-3,,
IL-33 and IL-1RAP in the nasal mucosa (P<0.05). The QDYF-L group demonstrated a down-regulated protein level of ST2 in the
nasal mucosa (P<0.05). Conclusion: QDYF may regulate the Th1/Th2 balance through the IL-33/ST2/IL-1RAP signaling
pathway, thereby ameliorating nasal mucosal tissue remodeling and alleviating AR.

[Keywords] Qi-replenishing and blood-activating therapy; allergic rhinitis; interleukin-33 (IL-33)/growth stimulation
expressed gene 2 (ST2)/interleukin-1 receptor accessory protein (IL-1RAP) signaling pathway; helper T cell (Th) 1/Th2 balance;
nasal mucosal remodeling
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7R Bk 2 e SR Ml A B A S AT B AR ST R
S A0 5 ek, L] 1o

T AZS 4L BB R4 C A Bl sE 4 ; D.QDYF-L 41 ; E.QDYF-M 41 ; F.QDYF-H 41 (18 2-1&1 5 [ )

El1 QDYFX{ARKBREHBEALREZTHMHME (HE, x400)

Fig. 1 Effect of QDYF on pathological changes of nasal mucosa in AR rats (HE, x400)

3.4 QDYF X} AR K B 5 5 6 2 20 245 4 46 19 52
Masson 42 (0,25 0 B 7R, 25 H 4 K UG IR 4] 40 5
A /b i D AT 2 T AR A AR 2 KBRS R I A 4 i
JREFLE 2 UUR s SR ALt , QDY F 45 7 it 4 %

U AR R A DA > R 2, 5 A
A B ZH CVE B R & (P<0.05) 5 5B AY 2
Fe# , QDYF 45 5l 4 21 S % il 2 4 CVF W]t B IR
(P<0.05). WL#%3.

E2 QDYFX ARKREFBEARFTEMLMSN (Masson, x400)

Fig.2 Effect of QDYF on nasal mucosal fibrosis in AR rats (Masson, x400)

3.5 QDYF X AR K Bl & % 5 21 41 E-cad 3K ik (1) 5

W TFZ5 SRR, 5 as (A He R, B 4] R LB B

JEEZH 41 E-cad 3K BH W FEAIC , 2 R A ST B X

(P<0.05) ; 5HERIZH L4, QDYF 455 41 K S B At

JE 41 E-cad 23k B B340, 22 A Gl 2 2 X (P<
- 302 -

0.05), Lk 4 & 3,

3.6 QDYFXf AR KR & Fi 41 2 TGF-B, & 1 £ ik
RUSZIH Western blot 45 3R 7R, 525 4 b, B Al
ZH K B B IR 2 4R TGF-B, 85 1A 6 35 7K F B i 7 v
(P<0.05); 5] L ,QDYF-M 4 .QDYF-H 4
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#x3 QDYFX ARKBREFEAHL CVFHIEM (x+s,n=5)

Table 3 Effect of QDYF on CVF of nasal mucosal tissue in AR

rats (x+s,n=5)

®4 QDYFX ARKREBFEHL E-cad RIAMHM (X+s5,7=5)
Table 4 Effect of QDYF on E-cad expression in nasal mucosa of

AR rats (x+s,n=5)

20 51 F 4k /g kg CVF/% 2H 5 il /g ke E-cad/ - 3458 658 B
A EE 24.70+4.58 = 1.43+0.13
R0 21 78.24+5.51" H 0 2 0.58+0.10"
QDYF-L#4l 4.04 47.45+8.06 QDYF-L4H 4.04 0.87+0.122
QDYFE-M 4 8.08 53.7749.91% QDYF-M 4 8.08 1.03+0.11%
QDYF-H# 16.16 25.56+3.777 QDYF-H 4 16.16 1.16+0.07”
B e 4 0.000 9 22.07+0.43% S E e i 0.000 9 1.20+0.08%

DAPI

E-cad

Merge

A
3 QDYFX ARKRBFEMHAR E-cad RIZH M (FIE50, x400)
Fig.3 Effect of QDYF on E-cad expression in nasal mucosal tissue of AR rats (IF,x400)

Ko 5005 g 4K B TGF-B, % 1 3 35 1 i IR (P<
0.05), W35 E 4,

£5 QDYFXARKREFMEAL TGF-LEARIEIMFIM (xts,
n=4)
Table 5 Effect of QDYF on expression of TGF-p, proteins in

nasal mucosa of AR rats (X+s,n=4)

2051 Fle /g kg TGF-B,/B-actin
EEE 1.14£0.04
70 2] 1.60+0.06"
QDYF-L 4 4.04 1.50+0.02
QDYF-M 41 8.08 1.41+0.02%
QDYF-H#4 16.16 1.39+0.09%
S e 4L 0.000 9 1.24+0.04”

3.7 QDYF X} AR K FUIML3E 1 Thl . Th2 40 g K 7 7K
TR ELISAZS AR B, 525 04 i, BiA
ZH K BR M  h Th2 46 A I+ (IL-4 (IL-5 . 1L-13) /K °F-
BRI, 22 A G E X (P<0.05), Thl 41 g A
T (IL-2 . IFN-y) &% IFN-y/IL-4 B & [% i (P<0.05) ;
LR A 4] e %, QDY F-H 41 J & 7 il 72 4 1L-4 . 1L-5
KOIL-13 7KF W i BEAIG, 22 % A 4e i 2% B L (P<

TGF-g 44 kDa

pacin R ——

A B c D E F
4 ARXREFEALTGFL,EARIEAEIK

Fig. 4 Electrophoresis of TGF- g, protein expression in nasal

1

mucosa of AR rats

0.05) , IFN-y & IFN-y/IL-4 W] & F+ & (P<0.05) ;
QDYF-HA IL2 K FHI B, 25 A% iHFE X
(P<0.05). W36,

3.8 QDYF % AR K & %5 K 1L-33/ST2/IL-1RAP
{5 5 18 B 31 I R IA M52 Western blot 25 4 R,
5o FLA R, R 2 R B S B I b IL-33 . ST2 %
IL-IRAPEHE AR KB BT &, ZF A5 % X
(P<0.05) ; 5 HAI 2 He 45, QDY F-H £ K & 75 s 41
KB IL-33.ST2 }2 IL-1RAP & [ % 35 B B [ (P<
0.05) ,QDYF-M 4 K ff IL-33 2 IL-1RAP %5 (4 £ ik
BRI, 25 A 50T 58 X (P<0.05) ,QDYF-L 41
KEST2 & F1 3R 5 B B K % (P<0.05) . W

K5 &7,
- 303 -
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%6 OQDYFXf ARKFRINE Thl. Th2 4 E FKEH I (X+s,n=5)

Table 6 Effect of QDYF on serum Th1 and Th2 cytokine levels in AR rats (x+s,n=5)

215 Mt /g ke IL-2/ng-L"! IFN-y/ng-L"' IL-4/ng-L"! IL-5/ng-L"' IL-13/ng-L"! IFN-y/IL-4

2 H4Y 1013.0£136.0  1501.0+178.8 59.69+11.78 45.7149.18 13.99+5.43 25.47+2.27
AR 2] 586.4+159.9"  916.9+266.0"”  93.45+7.34" 69.02+7.93" 30.99+4.01" 9.95+3.32"
QDYF-L# 4.04 708.2+172.4  1155.0+202.8 85.82+7.96 62.81+6.12 23.14+4.33 13.54+2.58
QDYF-M £ 8.08 850.3+144.4  1210.0+188.1 78.66+13.76 55.13+10.10 22.49+6.91 15.83+3.94
QDYF-H4 16.16 901.5+131.7° 1394.0+243.6"  60.03+10.10¥  51.38+10.26” 19.48+5.53% 23.75£5.90%
AEbEA 0.000 9 863.0£125.0  1463.0+316.2°  66.11+10.71>  47.99+8.60” 15.29+45.39” 22.43+5.15%

L33 W R D . -
IL-IRAP S S S S e
fractin. S —————

]

L

e | S - o

A B C D E F
E5 ARARBFHEALIL-33.ST2FIL-1RAP FE H RIiXHB K
Fig. 5 ST2 and IL-1RAP protein

37 kDa
78 kDa

42 kDa

50 kDa

Electrophoresis of IL-33,

expression in nasal mucosa of AR rats

*7 QDYF 3 AR X R 2% IL-33/ST2/IL-1RAP {5
RIEMFME (x£5,n=4)
Table 7 Effect of QDYF on expression of IL-33/ST2/IL-1RAP

SERERER

signaling pathway proteins in nasal mucosa of AR rats (x+s,n=4)

15 fiilErs IL-33 ST2 IL-1RAP

- /g-kg! /B-actin /B-actin /B-actin
s 0.65+0.06 0.62+0.29 0.33+0.03
IR £ 1.07£0.11"  2.08+0.23"  0.94+0.04"
QDYF-L4  4.04 0.93+0.05 1.31+0.34”  0.87+0.09
QDYF-M#  8.08 0.83+0.06”  1.59+0.12 0.52+0.04%
QDYF-H# 16.16 0.68+0.11%  1.08+0.16>  0.46+0.02%
AFEMES 0.0009  0.7840.05°  0.93+0.09°  0.41+0.05%

4 g

AR J&E OB B L O O R %
Yo BNk Bl 5 F 5 Ah A KR B TR
?&fﬁﬂﬁﬁ%-ﬂﬂiﬁﬁmﬂﬂ%xl VIV AT TN o

o WA R RZA A A A 2Z U5 5 A <
IﬂlfhﬁiKE,TﬁEfﬁ%%? AFK M - EHLEDE L)

EL TR ANE , HOR B, 4 A JLEs ANl 88 L
72— JIE Rl T R s Z P, Hﬁmﬁﬂ](ﬁf‘ﬁzh
Afe bk fhe . ATz RO Iz B R R
Qe it B, S 50N NG PR R o R A K I IE & B AR
B BRI R SR A L WA S IR R kg 5
FHLA5 MBS 2 80 . A I 58 78 7R AR K BRI /B 0%

-+ 304 -

fE IR F (PAF ) J Ifi 3% /4 i 26 5 W1 7 g 24 4w
M I AT fiE 2 AR P ZR AL, A R LA
(PR R EVRR AR IR 28, 0 %,
2 T R Z T, A DA T T K i R Y
WL WO H AR E A R TR AR 2k A
LI T RS AE RSN EMZE B
E%%ZW%V&/\ZI]F‘ kB A AT 2Z A
dl . HhIRZE BSOS, e B4 5
S 45 BB EARIQEZM’E U VN DA
P54 B ZE T EE . i b, R AL A R il R SR L B 4
FEBH (MR L9382 AR S K AR B9 R AL, $2 1
“ g il AL O IR F5 (RE ANE i) Tk I BF
QDYF. %77 LA 6 (R 25, k#2522
DR N AP R O B2y, BB A8 AT A0 il 5 44 LA 3
IF Bl AL XS e AR AT, T R SR B
KU BT SO B R 5 ST R N 2
VB2 A a5 I AR G, 0 i E B L 4 KB A 2 T
B BEXF SR M AR AL ] B fiR e E B
AR R .

H AT AR 25N 19 & WL 24 Th1/Th2 555 A
o Rk S R L SRS B A I R A R
i IL-33, IL-33 2 — Mg d 7, R 2k
KT b R A AR 0 A N Y A 2 3 405 s R
AT TR R i 2 M A A S B R E SR B R I
B2 ST2 Ji IL-33 (1 4F 53 P 22 4, 76 Th2 41 jifd .
2 7R [ A5 9k EL 41 A (TLC2) B K 40 i 55 22 Fh 0 92 40
Ji s R A1 TL-33 45 ST2 45 & Jm ik — b s 4k
IL-1IRAPJE L5 — RAKEZ &™), B00E T i 5 0E {5
3 AR I 5 A0 B b BB ORI 5 Th2 A
20 B PR 7 B0, AT 5 B Thi/Th2 4 % 2% i,
IFN-y Fl IL-4 43 %] /& Th1 F1 Th2 40 M (19 4% 2% 1 240 i
A7, EG A H 8% 4E 0 PFA Th1/Th2 55 SF- i (1 &
LAY DA MR R, AR B H S A
IL-33 Fl1 ST2 # ik 1 & Fh >, $2 /R IL-33/ST2 5 %5
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I AT BEJE AR IUTETEVR YT HE A . ASHIF S R T R
2T T 0 4 2 B a5 L — 2D R T IL-33/ST2/
IL-1RAP 1% 53l B 7E QDYF 14 J7 AR Y V& 7E4E JH AL
Hil o BF 9% 45 R 8%, QDYF fE % [ {1 1L-33 . ST2.
IL-1RAP 25 [1 % 5K F, 9 Thl 4 g K 5 IL-2.
IFN-y 7K ¥ } TFN-y/IL-4 , [ i Th2 4 i A 7 IL-4
IL-5 IL-13 7K F- o [Al B, 43 X 42 45 5 1 /R IL-33
ST2.IL-1RAP 5 QDYF fY &= B 1% M AL 43 I 8 45 %
7-HUSE L 2- W R SRR R R R L
BE B-A S BER A AT . HET LiRBIsE SR &
7% QDYF 1] fiE 38 4 IL-33/ST2/IL-1RAP {5 5 1 % 14
95 Th1/Th2 % % V-, I & #3697 AR B9AE H .
QDYF il i 1L-33/ST2/IL-1RAP 15 5 8 [ o 3% & %
I 2 2V YE IR T AR AL &1 U3 5 R B in 44

AR, 20 2 9B AE ao v AT B P AR
B A2 BT . AR R R 43 51 R K 1 N RGE L 8
“JR]—AGE TR Y R AU R W G ) B
B R AR, SR b B AN AT A 0 R R IL-33 il
IL-33/ST2 {5 5 il % 2 5 W W T A GE w0, 4k
1M, AR | S0H SR/ RO 5 & A L 4UE ¥, B i A7
FEGE L. 5 I PR I8 0 7R, AR BB B 3 IR
DURRSE I S £F A AR OCHE  R A T S 1 4L
ERG AR B SR TR UE SE , AR AR AL 5 7 5 AT
WL LR R AR AL RN BRI R A R E
s FEOCAY , H & B AR R ASGE B A AL 4142
RRAECT0 SR, AT 2 WL a5 R[] EIFAN 454 &
U240 . A0 55 3T T AR B b A ) A M AR AR E AR
BE AR AN — B, R 8V E WOR AR RS PE AR
BIRRAE o AR 58 45 3R /s, QDYF 1 B & i 3% AR
R B b A I 25 ek 5 o B 405, ik 2 6
21 B 35 T R DA A DT AR, I E-cad 2R R GA
i TGF-B, ik o X EL 25 JLR I AR & i 3 i
AR E S, H QDYF fEfi% ot 3% AR K &5 2 IE
HAVE P, ARBFTELE R AR B34 21 5 ¥ 7 X
— L5 R AL T IR = TR

SR AR AR — &R R, &5, & 0F
5% HARGE 1 I 2% 50 N 43 F X 42 82 78 QDYF I R
B3 T AE 5 TL-33/ST2/IL-1R AP 15 5 3l % A ¢ 4 5
g6 AR R HE— 2P 38 ik 5 R B Bl At 3R 0K AR T e
S50 LA, ML B REATA RE IR . Hk, TR
A5 A AR BH I IR IRAE K AR K U PAF i3 /4>
RS B B < il D AR L B 4% S BHL (408 I s ) 7 Y
AR R ML, (A HIF 5% i A 38 3 il 0 3 748 = K i A 38
75 P SF MBS CHR AR N DL IR AIE o e Ah A BIF 5T REAR

A XA R, LT TS 0 R A g A DL FE A R
B QDYF X & 75 5 21 20 o 9 5 — 18 P i AR A 1
TRURCR o KRR IE AT IS Y KA &, 18 KO8
JE W, IF 45 & 1L-33/ST2/IL-1RAP {5 5 18 I i B 3
Pt AL, DU S 4> T b B W] QDYF 2038 AR 5 6 IR 21
2V I3 AR T BLH .

L5 L rik BT 25 AE ML 1 QDYF BB S B B
G2 i AR K BB BORE R, 94755 Th1/Th2 48 i Y+
IR, Pl 5 B 56 5 B % 41 44k |, A 9 5 286 5 E-cad
ik o HAE FHHL S AT BE Gl ok 98 4% 1L-33/ST2/
IL-1RAP {5 53 B% , 8 7% Th1/Th2 - £ , W\ 11 o 3%
AR KRG F Bl 218 91 SR 23R AR H .
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