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Abstract: Objective To investigate the mechanism of action of Mahuang Xixin Fuzi Decoction in treatment of allergic rhinitis
(AR) based on network pharmacology and molecular docking techniques, and to validate it in combination with in vitro cellular
experiments. Methods The TCMSP platform was used to obtain the active ingredients and action targets of Mahuang Xixin Fuzi
Decoction, and the AR disease targets were searched by GeneCards, OMIM, PharmGKB, TTD and DrugBank databases. The
protein-protein interaction (PPI) network was established by STRING platform. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis were performed by R language. AutoDock was used to verify the docking of key
compounds with core target genes. Human nasal epithelial cells (HNEpC) were cultured in vitro, and the effects of Mahuang Xixin

Fuzi Decoction on inflammatory factors, apoptosis, and expression of some key targets were verified using ELISA, flow cytometry,
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and qRT-PCR. Results A total of 62 active components of Mahuang Xixin Fuzi Decoction and 99 therapeutic AR targets were
obtained. The core targets of PPI included PTGS2, MAPK3, MMP-9, etc. KEGG enrichment analysis involved signaling pathways
related to immune inflammation, cell proliferation and apoptosis, GO enrichment analysis involved biological processes such as
response to lipopolysaccharide, cytokine receptor binding, cytokine activity. The molecular docking results showed that the active
ingredients were tightly bound to the target genes. The results of cellular experiment showed that compared with the model group,
Mahuang Xixin Fuzi Decoction could reduce the secretion of inflammatory factors IL-6, IL-8 and TNF-o (P < 0.05, 0.01), inhibit
apoptosis (P < 0.01), reduce PTGS2 and MAPK3 mRNA expression and elevate MMP-9 mRNA expression (P < 0.05, 0.01).
Conclusion Mahuang Xixin Fuzi Decoction can act on multiple targets and pathways through multiple active ingredients to regulate
inflammatory response, immune function, and apoptosis to exert therapeutic effects on AR.

Key words: allergic rhinitis; Mahuang Xixin Fuzi Decoction; network pharmacology; molecular docking; human nasal epithelial

cells (HNEpC); inflammatory factors
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514 315 —>3")
PTGS2 F: ATCTACGGTTTGCTGTGGGG
R: GCCTGCTTGTCTGGAACAAC
MAPK3 F: TGAAGGCCCGAAACTACCTAC
R: CTTAGGTAGGTCATCCAGCTCC
MMP-9 F: TCTATGGTCCTCGCCCTGAA
R: CATCGTCCACCGGACTCAAA
GAPDH F: AGAAGGCTGGGGCTCATTTG
R: AGGGGCCATCCACAGTCTTC

BD Biosciences 2 7] 5 QRT-PCR 1X , 3% [ Bio-Rad
N
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Table 2 Active ingredients of Mahuang Xixin Fuzi Decoction

MOL ID AR OB/% DL  Z§# ki
MOLO005190 eriodictyol (£ 5 ) 71.79  0.24 R ¥R
MOLO011319 truflex obp (B8 7 —HIRIE T 7 ¥ Hg) 4374 024 JRK v
MOLO010788 leucopelargonidin (K2 %5 2 5797 0.24 ;31
MOLO010785 (-)-n-methylephedrine ( H 5 JiR 2 i) 63.64  0.04 JBR 3%
MOL010489 resivit( H i JE £2) 30.84  0.27 K3
MOL009191 cathine( 23 H Dy JBR 35 40D 68.94  0.03 JER 3
MOL009190 usaf cs-6( 2 F IR 08D 66.05  0.03 R BT
MOLO007214 (+)-leucocyanidinl (+)-FH K ZE4 1 76 ] 37.61 027 JRR 3
MOL006637 psi-ephedrin (£ JFk 35 B, 5225  0.03 JBK ¥
MOL006594 eciphin b 2 A8 4335 0.03 R
MOL005842 pectolinarigenin (1 5% 11 3% %) 41.17 030 JBR 3%
MOL005573 genkwanin(GE£ ) 37.13 024 K3
MOL005043 campest-5-en-3B-ol (GZ i & ) 37.58  0.71 JRR B
MOL004798 delphinidin a0 AEZR 2D 40.63 028 KB
MOL004576 taxifolin ({EHERA 2D 57.84  0.27 R ¥R
MOL004328 naringenin i J% ) 59.29 021 JRK ¥
MOL002881 diosmetin(FH A Z) 31.14  0.27 R ¥
MOL002823 herbacetin (B 5 %) 36.07  0.27 JPR 3K
MOL001771 poriferast-5-en-3B-0l( £ L -5-4i-3p-F) 3691 0.75 K3
MOLO001755 24-ethylcholest-4-en-3-one(24-fH {§§ 2. Jfi-4-J7 -3 36.08 0.76 R
MOL001506 supraene (J A 45D 33.55  0.42 JEK B
MOL001494 mandenol OIZ i 8 2, 18D 42.00 0.19 R ¥
MOL000492 (+)-catechin[ (- JLZK %] 5483 0.24 JiR B
MOL000449 stigmasterol (& {§ %) 4383 0.76 K3
MOL000422 kaempferol (111 23y 4188 024 JRiE. 40
MOL000358 B-sitosterol (B-75 {4 &) 36.91 0.75 K3
MOL000105 protocatechuic acid (il JLZRER) 2537  0.04 RS
MOL000098 quercetin(Hfi 7 %) 46.43 028 K3
MOL000008 apigenin(UT3¢ %) 23.06 0.21 R ¥R
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MOL ID AL VER OB/% DL  Zitfkii
MOLO000006 luteolin (A R HE 20 36.16  0.25 R B
MOL009849 7inc05223929[ (=) -4 g & 3157 0.83 Y3
MOL001558 sesamin( 2 Jff %) 56.55  0.83 43¢
MOL000986 1-asarinine[ (+)-5# 2 R % ] 409  0.83 EIES
MOLO012141 caribine 7K LB F T 37.06  0.83 4H-F
MOL001460 cryptopin B2 i Bg) 78.74  0.72 4i=¢
MOL012143 aconl_002321C1L %) 3-0- B0 — B ) 516 0.68 4ii=F
MOL002962 (38)-7-hydroxy-3-(2,3,4-trimethoxyphenyl) chroman-4-one(3'-O-H JE K E %) 4823 033 HiES
MOL002501 [ (18)-3-[ (E)-but-2-enyl ]-2-methyl-4-oxo-1-cyclopent-2-enyl] (1R,3R)-3-[(E)  62.52  0.31 HiES
-3-methoxy-2-methyl-3-oxoprop-1-enyl ]-2 , 2-dimethylcyclopropane-1-
carboxylate T4 i)
MOL012140 4,9-dimethoxy-1-vinyl-B-carboline (4, 9- — Hl 4 Jk-1- 7,0 i B-IE M) 65.30  0.19 4f-¢
MOL000207 methyleugenol ( FF 2T ) 73.36  0.04 iR
MOL002401 neokadsuranic acid BCH g T T2 B) 43.10 0.85 i
MOL002434 carnosifloside i_qt( R i &5 JHZH 1D 38.16  0.80 W5
MOL000359 sitosterol (5 {5 B 3691 0.75 Ui
MOL002397 karakoline (£ {2 355 51.73  0.73 b5
MOL002422 isotalatizidine (535 7 %) 50.82  0.73 liS
MOL002415 6-demethyldesoline(6-2< Ffl 3L 1l 23 bR 51.87  0.66 [
MOL002410 benzoylnapelline (% H B ZE0H) 34.06 0.53 (i
MOL002406 2,7-dideacetyl-2,7-dibenzoyl-taxayunnanine F(2,7- % Z Wt %-2,7- K Bt-=F/ 3943 0.38 Bt
ETF)
MOL002392 deltoin (f8/R Z ) 46.69 037 i
MOL002398 karanjin (/K #% J7 20 69.56  0.34 (ISR
MOL002395 deoxyandrographolide ( 2 % % /0 3% P ) 56.30  0.31 B 5
MOL002409 benzoylhypaconine (75 F I K & 3k J5UAR D 870 029 lis
MOL002388 delphin_qt({622%-3,5- " HHH) 57.76  0.28 Ui
MOL000538 hypaconitine( X % ki) 3139 0.26 lin
MOL002421 ignavine (I 5 84.08 0.25 li
MOLO002416 deoxyaconitine (It %2 S 58 30.96 0.24 i
MOL002433  (3R,8S,9R,10R,13R,14S,17R)-3-hydroxy-4,4,9,13, |4-pentamethyl-17-[ (E, ~ 41.52  0.22 [l
2R)-6-methyl-7-[ (2R,3R,4S,58,6R)-3 ,4, 5-trihydroxy-6-[ [ (2R,3R,4S,5S8,6R)
-3,4,5-trihydroxy-6-Chydroxymethyl) oxan-2-yl Joxymethyl Joxan-2-yl Joxyhept-5-
en-2-y11-1,2,3,7,8,10,12,15,16, 17-decahydr
MOL002419 (R)-norcoclaurine( 2 FF 12 245 82.54  0.21 {iR
MOL002211 11, 14-eicosadienoic acid(11, 14- —-Hk —JAH L) 39.99  0.20 b+
MOL002423 jesaconitine (45 % kAR T 3341 0.19 liS
MOL002393 demethyldelavaine A (75 I IEAE TS DIEEGR AD 3452 0.18 ii
MOL002394 demethyldelavaine B(Z 1 ZEAL 1D DLURETH, B 3452 0.18 (i
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Fig.1 Venn diagram of drug targets and disease targets
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Fig. 2 Network of Chinese medicinal materials-active components-targets
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Fig. 4 Core targets of PPI network
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I B 45 A5 T, /N T -29.29 kImol A 58 21 i 45 & 1%
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CASP3F — M AWEM, HAEH RS> 52
B LA T sl R I 4 A TE I . AR 4 A R K,
# PTGS2.MAPK3 .MMP-9 54 jz & . 1l 25/ . 53¢
F OB R A R AT T AL, L 7, 5 gk s
B0 0 5 1 3 AN B A AT SR IE

2.2 RIMKIGIGUELE R

2.2.1 RN E M7 40 VG PR RS CCKS
R0 5 SR S s, 5 0 R ZH B G, R B 40 S Y T i R
IR KT 20 mg-mL X 4 A A7 i R AN B
M R 8 4 = Bt 737 o 29K 2R 50 mg-mL i, 4
TR E R (P<0.0D), WL3E 4, R k£ 5.10.
20 mg-mL™" 45 2 ot &k BEEAT 5 2R i

2.2.2 FREEYHFE T34 LPS 75 5 ) HNEpC 41 iy
WA IL-61L-8 \TNF-a /K “F 520 5% iR 40

R3 HGYMEMNS-ZOEBRS TXEEARE

Table 3 Molecular docking binding energy of drug active ingredients-core targets

ZE A RE/(kT-mol D)

TR
PTGS2 JUN MAPK3 CASP3 AKT1 MMP-9
Hit 52 % (quercetin) -40.17 -27.61 -3891 -28.45 -26.78 -44.77
111 Z5 [} (kaempferol) -38.49 -26.78 -38.91 -28.87 -25.94 -43.10
3% % (apigenin) -39.75 -27.20 -39.33 -28.45 -26.78 -43.51
KRB & (luteolin) -41.42 -28.03 -39.75 -29.71 -26.36 -45.19
15 W 3% 5 (psi-ephedrin) -25.52 -20.92 -26.36 -20.50 -26.78 -29.71
JBR # il Ceciphin) -27.61 -20.08 -27.20 -20.08 -22.18 -28.03
K B2 (stigmasterol) -31.38 -27.61 -36.82 -26.78 -28.87 -37.24
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Fig.7 Schematic diagram of docking between core components and targets
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Fd4 HREMEWFHX HNEpC HITEEHBI (s,
n=4)
Table 4 Effects of Mahuang Xixin Fuzi Decoction on

viability of HNEpC cells (xs,n=4)

44153 PRI L7 /%
(mgmL™"
X 1 — 100.00+5.96
JBR B 40 =% B 112 1 102.25+5.93
5 108.72+3.32
10 102.69+5.49
20 98.20+6.30
50 71.64+8.17"

52 i - P<<0.01
“P <0.01 vs control group

Eb A, R 2 B35 W R TL-6IL-8 TNF-o, /K °F I 2
FHE(P<0.0D s S LLAS , IR AH-E T 85 4 24
b W TL-6.1L-8 TNF-a 7K °F- & % F& 1K (P<<0.05 .
0.01), W5,

2.2.3  BRIEHHF T3 4T LPS 15 5 ) HNEpC 41 i
AT s R A AR I 25 SRR B, 5 0] A
bl 52, 455 784 2H 20 Jf 9 T2 R B 25 3 i (P<<0.01) 5 5 8%
RUAH LA, BR S A I T2 S A 2 A T R B
FZRR(P<0.01), LFE6FIK S,

2.2.4  REE N E BT 0 LPS 5 5 11 HNEpC 41 i
PTGS2.MAPK3.MMP-9 mRNA £ ik 50 5%t
HECZH B e, B TR AH 4 i R PTGS2 MAPK 3« MMP-9
mRNA 31K 7K P 2 2 19 0 (P<0.01) ; 5 A 41 th

R5 FREMFEMRTFH LPSESH HNEpC 415 % IL-6.IL-8, TNF-a K EHIR M (s, n=4)
Table 5 Effect of Mahuang Xixin Fuzi Decoction on levels of IL-6, IL-8 and TNF-a in supernatant of HNEpC cells induced

by LPS (x+s,n=4)

ZH ) W /(mg-mL™") IL-6/(pg'mL™") IL-8/(pgrmL™") TNF-o/(pg'mL™")
i HE — 34.56+1.01 123.36+7.21 60.15+1.62
7Y — 44.68+2.11" 146.89+3.26™ 72.5443.41"
JRR B 4 3 Bt -1 5 39.82+2.95% 134.48+11.25" 64.40+1.59%
10 38.95+0.97" 132.45+8.89" 57.67+4.88"
20 38.94+2.07* 116.38+6.72% 41.7142.67%

SRR LR P<<0.01; S AL - *P<<0.05 ¥P<<0.01
P <0.01 vs control group;*P < 0.05 P < 0.01 vs model group

®6 MEMEMTFiHI LPSIHESH HNEpC AALATHF
M (wts,n=3)
Table 6 Effect of Mahuang Xixin Fuzi Decoction on
apoptosis of HNEpC cells induced by LPS (xs,n=3)

151 PRI s
(mg'mL ™"
o HE — 8.57+0.42
i) — 13.57+0.43"
JRR 35 40 = [ -3 5 11.95+0.35%
10 10.21+0.54"
20 9.76+0.50%

xR LLEL " P<0.01; ST LA - P<<0.01
"P <0.01 vs control group; P < 0.01 vs model group

BB T A e T T s g K
PTGS2. MAPK3 mRNA % iA /K °F & 2 [F K (P<
0.05.0.01) , MMP-9 mRNA 3 1A 7K *F- i 2 8 i (P<
0.05.0.01), WFE 7.
3 g

AR 2 2 Fh e 5 21 i 200 P DR 5 R0 8 RE A i 25

2 510 LR AR L 1 AR SR, R R AR IE
FEAEN . HAT AR H WG TT A b i R
T 05 AR T I SRR SR R VR T (RAR G I
TERB %, Bt i B I K, S = 2 7 20, A 2
TR EEZGIRIT AR BRI, AR £ )8 K FE
AMER, S FH 220 0 5 T R B4 S B T i A HOE IR
BH SR B 2 20, 2 AR [IXPREZ J7 . BFFE R W,
AR5 AT G T 2 40 M- 2 I R R T G ROE R
REF 95 T AR I R VR T AR (H LA D) 24 3
LI A ) B D

AR AP T Ik r 24 -3 - S ) 4% 0 1 AR
FELEm SRR ARERSEEFEERS
Wit Rz 2 B P g T e e Thee A/ A, B8 ik 41
Ji& FE 48 A 53 43 9, 15 Th1/Th2 “F-45 , 9 2> IgE 7=
AzR00 1 2 T DAY AR AR /D B BB ROREIR , R
WA 0 A R -32 (IL-32) i AR 366 57 bk B2 A Bk
K (TSLP) A A F-2(COX-2) 25 2 Fh i bR &
PRIkt AR KR R R B ] Th2 [ M, 4
A & -4(L-4) 5 %R 7 GATA 45 & & H
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Fig. 8 Effect of Mahuang Xixin Fuzi Decoction on apoptosis of HNEpC cells induced by LPS

x7 BHREMENFZH LPSHSH HNEpC 4 PTGS2. MAPK3 . MMP-9 mRNA & KIS0 (x+s,n=3)

Table 7 Effect of Mahuang Xixin Fuzi Decoction on expression levels of PTGS2, MAPK3, MMP-9 mRNA in HNEpC cells

induced by LPS (x+s,n=3)

a5 FR B/ (mge L) mRNA FIA 2%
PTGS?2 MAPK3 MMP-9
X i — 1.00+0.08 1.00+0.02 1.00+0.10
it — 1.29+0.05™ 1.23+0.04™ 4.70+0.41"
R A0 3 [ 1% 5 1.11+0.05" 1.03+0.07" 6.57+0.41"
10 1.06+0.12% 1.010.08" 6.72+0.31%
20 0.96:0.03" 0.97+0.08" 6.98+0.55"

LR RALEEL T P<<0.01; SRR LLEL - "P<<0.05 *P<0.01
P <0.01 vs control group;"P < 0.05 P < 0.01 vs model group

3(GATA-3) [5G 1% 5 S s BOE R -1 6 (STAT6) 55
FI& WOk Th ), 4 y-F P03 (AFN-y) xR 1
T-bet 25 & &5 1 (T-bet) 55 1k M Tfi i 157 AR 1 Thl/
Th2 -2, A IR RS ZH FT A 70 2 48 0E B AR 3
Y0 Bt 5 17 AT DL 5 TL-4/STATG6 3 i , /12 3 IFN-y
Gy Wh, ) IL-4 73 W , TF 5 T-bet/ GATA-3 {H , T Fili&
IVRER VSN a8
FARA 7] B A2 BRI 41 S Bt T4 76 9T AR [ OB
Fent

PPI % i T PTGS2.MAPK3.MMP-9.

AKT1.CASP3 &5 #% 0 ¥ 5, 32 B3 ) PI3K-Akt.
MAPK.IL-1715 S8 . AR KRR LT, JEAZH
i I AL R T L fi I B R R A 2 R I, O
A0, A 5 S S . PTGS2 AT LA AL Al 471 i
A, I PTGS2 1A A % 18 5 Hi i 850E
W AR SE R AEPY . MMP-9 7] DA R4 AR 25 98 TE A%
o H A1 B 5 AR R, S g IR 2 S )
G 90 IRON G 2 Fh AR B O B O AR %5 D) A
JRB . MMP-9 Rk b 18 23 i il R W 48 55 , 14 i g
T P L T 0 R % 1 4 i R KRR SR,
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ARG 45 B — 3, A — S 7SN, MMP-9 R IA
B AT DA BRI GE b R A, AR N M R
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P T AR B RS 2 — , W& CASP3 2 33
DNA &A@ A -5, AKT1 A1 MAPK3 43 5138
i PI3K/Akt fl MAPK 15 538 #% 2 5 AR [ 75 .

PI3K/Akt F1 MAPK {5 5 3 #% X AR 2 Fh R4 . 48
344 T FAE ), PI3K/AKt {5 5 3 % 2 585 Thl/
Th2 G % 2 5534, 5 T 40 M (Treg) 40 fi 4346,
2 0 [ A 9k B4 B (ILC2) %% 5% X 7 40 g IR 1 %
K0T, B K 20 B R 2557, MAPK 15 5 3 B O
AT LA 3E Th2 40 g 43 44 , B 41 i & i IgE®! , W8 82 1
L MO EAS 5 MODR 20 M 38 B VR e, R
Y1 B 5 P Al ARSI PISKY/ Akt MAPK i # 1]
I AR SR, TL-17 25 Bl Th17 40 =4, %
ARG B (R 3 A4E A AURT DA S5 4 2 Fl G
2 M i 13E AR AR 3 B A1 1) A DK A Mt e RO, R R
fIe 9 40 f R 7 R A F ) AR K0

WF 5T 26 B, IL-6 . IL-8  TNF-o 25 % 1t 48 g [ 1~
AR F1E AR B35 S T s Rk, Be % JH 3 AR
0 R SR T 8 454514, AR SR SR A LPS T T
HNEpC 21 g #4 i AR 1R 7B AY , R 35 48 <7 Bt 72 7%
o5 245 1 TS 7T DA AR IL-6 IL-8 TNF-a 43 W 7K
7, FLAE S 3061 40 B 98 T2, X HNEpC 41 fifd it 21 {7 47
YER . 3E— 25 R F qRT-PCR £ AR X % 0 #E f 34T
BOAIE , 25 R, JBR 35 41 2 B 137 % 45 25 4 0T DL B%
ik PTGS2.MAPK3 mRNA ik , Ft 55 MMP-9 mRNA
Tk AN BRGNS I F i EH 22
FIEA M. DL g R, R 40 BT ] e

i i i 4% PTGS2.MAPK3 . MMP-9 25 4% .00 #1151
TP SE A1 ML E TSR IR R R FE IR IT AR P
Mo AwtFiEE EYE B AR #E— P iR T
JBR 5 40 < B T3 VA 97 AR BB 4 T LA, I 5t 5
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