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i OE: B ETWHEAEE. PR AL, BRITH\ A Astragalus bhotanensis 537 184 FE 75 11 7F F HLA .
Bk AN EH )\ IR & F R A Bk (Staphylococcus aureus, SA). B-IEMLMEEEERE (B-hemolytic streptococcus,
HS). KR4 # (Escherichiacoli, EC) Flfifi# M IR (Diplococcus pneumoniae, DP) BT EM:. B HS S BT
WA 28 KRR, E8Hh )\ 4R BUIRIZ53/E ] . FIH] PubChem. GeneCards. STRING 2534 FE A4 e b )\ M 42 B 5 1 bk
R EAE ML, I8 Cytoscape #1612 080 5, #E4THEE A4K (geneontology, GO) ThAE K TR F SHEH T
445 (Kyoto encyclopedia of genes and genomes, KEGG) @ &% 41. KA Autodock vina X AFHEAT 4 FXTEEIRIE, I
@It Western blotting 38 1E ML R . 55 /AN SA. HS. EC. DP ¥ EE — I imtt. SHRAA I, Hh
J\ SR U AT 535 AR M P 6 K R MR R OE R P/ (P<<0.05. 0.014 0.001), F4A RO FE T H 2 R BB 7 . R4
TR, M)\ A IREY T g iE i % 2 KRS LR (I (mitogen-activated protein kinase, MAPK) FIfii [ Bt L EE
3-J4M¥ (phosphatidylinositol 3-kinase, PI3K) /& ¥4l B (proteinkinase B, Akt) Z&{5-5ilig, 1EHTHIRTEE 900 Kk
B 25 5 1 Cheat shock protein 90 alpha family class B member 1, HSP90ABI ). i i fk WL B -3- il 11 1k W 2 o
( phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha, PIK3CA). MAPKI1. MAPK3. £ EAEKRH T2 IK
(epidermal growth factor receptor, EGFR) FIMEMZE 5214 1 (estrogenreceptor 1, ESR1) Z5#E5, MIIRIEIRIT IS MME 4 1I1E
o P REW, MR, 7B-FFEA 8. astrabhotin A 5 MAPK A EA RIFHISEARES. Western blotting 455 &
7~ i\ A SEEUI T I 2 BEARAS P A 28 K BRIR T4 43 TLR4 & H Rk DLRAZ R T-xB p65 (nuclear factor-xB p65, NF-kB p65)
F1 p38 MAPK (MR 1L /KF (P<<0.05. 0.01. 0.001). £5if h/\ A FLEAIE T i$% TLR4/p38 MAPK/NF-xB p65 15 518
G2 HS 53R B PEIH 4¢
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Abstract: Objective To explore the mechanism of Astragalus bhotanensis (AB) against chronic pharyngitis based on network
pharmacology, molecular docking, in vitro and in vivo experiments. Methods The antibacterial activity of AB extract against

Staphylococcus aureus (SA), B-hemolytic streptococcus (HS), Escherichia coli (EC) and Diplococcus pneumoniae (DP) was assessed
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in vitro. A chronic pharyngitis rat model induced by HS was established and the pharmacological effects of AB extract was investigated.
The interaction network between AB extract and chronic pharyngitis was constructed using databases such as PubChem, GeneCards,
and STRING, and core targets were screened using Cytoscape software, followed by gene ontology (GO) function and Kyoto
encyclopedia of genes and genomes (KEGG) pathway enrichment analysis. Molecular docking was performed using Autodock vina
software, and the predicted results were verified by Western blotting. Results AB extract showed certain antibacterial activity against
SA, HS, EC and DP. Compared with model group, AB extract significantly reduced the levels of inflammatory factors in serum of rats
with chronic pharyngitis (P < 0.05, 0.01, 0.001), and effectively reversed the pathological damage of pharyngeal tissue. Network
pharmacology analysis suggested that AB extract may act on targets such as heat shock protein 90 alpha family class B member 1
(HSP90AB1), phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA), MAPK1, MAPK3, epidermal growth
factor receptor (EGFR) and estrogen receptor 1 (ESR1) by regulating signaling pathways such as mitogen activated protein kinase
(MAPK) and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt), thereby exerting therapeutic effects on chronic pharyngitis.
The molecular docking results showed that oleic acid, 7B-hydroxysitosterol and astribhotin A had good binding ability with MAPK
protein. Western blotting results showed that AB extract significantly reduced TLR4 protein expression and phosphorylation levels of
nuclear factor-xB p65 (NF-kB p65) and p38 MAPK in pharyngeal tissue of chronic pharyngitis rats (P < 0.05, 0.01, 0.001). Conclusion
AB extract alleviates HS-induced chronic pharyngitis in rats by regulating TLR4/p38 MAPK/NF-«kB p65 signaling pathway.

Key words: Astragalus bhotanensis Baker; chronic pharyngitis; antibiosis; anti-inflammatory; TLR4/p38 MAPK/NF-«xB signaling

pathway; liquiritigenin; isoliquiritigenin; carotenoids
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1.3 Z#

K E A AR, xRS Ry
MMERRECNERHEYI )\ A. bhotanensis
Baker, trAx (FEIFS YXX20220313) T =/
HH R 25K 25 R 25 24 TS AR WP 078 B 1 SR IR =
14 AR5

& A E A (S A423250912) I H 24
ZRAEMPEAERAR ZREME (H5
20220423). RIPA Rzl (b5 20221222).
VYRR ZR (5 20210909) 18 H AL s e ERHE A TR
ANF; BERIRERA T (S 150520) 1 ALY
il 25 B A A PR A A5 B B R I A R R (S
716427) 1[4 MedChemExpress A &) ; i 0o HY
Wiz R (itS HB4120) WWH) RIRIUHAEY
BHEAEBR A XSS H R (RES5>98%,
k5 20112400, HEZE TESH>98%, s
21052404) . WHE M (FEHE>98%, b5
22022402) T H SRR A RHEA R AR =
I Hr i Ctriglycerides, TG IRF & (fit5 20220713).
JHE EE (total cholesterol, TC) 5 & (k5
20220716 ) « N 2 R 2 £ % # B ( alanine
aminotransferase, ALT) & (L5 20220614).
RARIRB LM (aspartate aminotransferase,
ASTOIRFI &GS 20220612) . = % [ (total protein,
TP) 7 & (fL5 20220417) JR &= % (urea nitrogen,
BUN) &l & (b5 20220516). HEH (albumin,
ALB) Ril& (b5 20220315) W H B L& AEY
=5 LA FURT; H4M/r 25-6 (interleukin-6, IL-
6) WFE (S 202219237R). IL-1p Rl (it
5 202219075R) [HIRHASEIA -0 (tumor necrosis
factor-o, TNF-a) 7l& (5 220919041R). HI
Y& Ea (prostaglandin E», PGEy) AF & (Ht5
202219016R ) . 1% 4 i ¥ 4k & H -1 (monocyte
chemoattractant protein-1, MCP-1) {7 & (Ht5
202219026R ) 4 Ji [8] &k Fft 4> F -1 Cintercellular
adhesion molecule-1, ICAM-1) R 7 & (#t5
202219049R) C J= % & [ (C-reactive protein, CRP)
WA & (S 202219004R ) . 5- ¥ 4 i (5-
hydroxytryptamine , 5-HT ) i 7] & (#it =
202219015R) A AL -2 (cyclooxygenase-2, COX-
2) Wl A& (S 202219978R ). A =M C4
(leukotriene C4, LTC4) X7l & (35 202219116R)
6 BT E AR A IR AR p38 R 5TE1L

B % (p38 mitogen-activated protein kinase, p38
MAPK) difk (#t'5 00170897) . BRI p38 MAPK
(phosphorylated p38 MAPK, p-p38 MAPK) Hifk (#it
5 00174533). # A F«B p65 (nuclear factor-kB
p65, NF-xB p65) $ifk (L5 22004671). BRI
NF-kB p65 (phosphorylated NF-kB p65, p-NF-«B
p65) Hifk (L5 22014551). Toll #3214 4 (Toll-
like receptor 4, TLR4) Hifk (Hlk'5 00171151), B-
WIEhE A (B-actin) PifA (L5 00139414). FHiEH
FH (Vinculin) PifE (L5 00191416). HRP Fxid
(IR — BT (S 20001572) 1 BRI = B A Y+
AREBRAH
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RIS DR A F]D
2 Ik
2.1 )\ FIREAIRYSI & KRR 5 53 i
211 H RIS M\ A 8 fEARUK
129 30 min, B 60 min CGEBBN AT, s
FEI; ZHHEE TR 10 5 ARF 80% LEEHEAT R 60
min, WERIETR: & 9F 2 OB DRI IR 4E 2212
BIR, HBREGTHFR, AUGETERAE TR, &%
A ORATA FH S W Pl PR A 8 R /K F VT
2.1.2 MU\ A i R s RO A
itk M i R IR B By, B A AL
VUiEZE. EBFERS . FHIRAR DL E LR LS
TR FEAI RN BS . i 2 Agilent HPLC
ZORBAX SB-Cis o 4% (150 mm X 4.6 mm, 5 um);
TSR 501 % B BR KAWL, SR RE Pl [H# 2
(Z5-0. 1% /K VAT 45 & 55). R HEE (-
0.1%MEEZ /KIETR 40 & 60). HA%E M (ZJE-0.1%M
BRI 75 250 15 Al KON H LR 275 nm,
S HEE 370 nm. $HE b EF 205 nm; #1530 C;
RS 1.0 mL/min; ZEAEARR 10 pLo X
HER. A HERME NIRRT P, 6k
JRERIEAN 0.1 mg/mL FIXT IR SE . )\ ATRE
VIR RES AT R, ) 46 B 29K FE R 25 mg/mL
) A VA o T I v SRR € T A5 )\ A 4
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WP R, RHERMHE MR SESNN
198. 449. 226 pg/g.
2.2 #/\AIREUIRIEE M E

¥ SA. EC. HS 1 DP HERAZERILE 5% 005
R R R AR PR B, T 37 CHEFE 24 he
fi FH G IR e R T S AR AR AN B 78 (4~5 1)
R RO BRI R R IR, IR R E
ILF] 0.5 ZZIREbRHE . K Ab T 0 Hi A= K A Y B
TR A B SRR R, S 0.5 Z KA
W, 125 R B VR . P T B R A 1%
T RFE) 50U AT T IR H TR ALV 1 77 IR ST AR
b, DR R G TR SN E & - R
JUAIRE) (0.5, 1.0, 1.5 g/mL) WmEER .
VAT (EAR 6 mm) Z50R BCE T-FAUE 4
ML, FHRE 3 ANES. IPRFEFE S min
UEZGY9 B, SRIET 37 CH53% 24 he fEHIE M
RO 5~ ] L 40 B (1) LA R P v ko DA
VYRR 25 (2.5 mg/mL) TG B& AR 21 ER 7K 23 J 4 S BH 44
Xof BERI B A 6] R

K FH BRI B2 5 eI B ¥R (minimum
inhibitory concentration, MIC). ¥t )\ fFE I
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e A E 3 AN EE, PR 37 CHE
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INFEAE BT REZH , i PR W %2 ) e 25 R . MIC
5 SN BB 56 A NI A e A K SR 20
2.3 i)\ T HS iF SIS MR X KRR BT
N
23.1 U5y HMEME SDOKRBENL > Rt
. BIA. BERIKIERA T (6.25 mgkg) HAIHL/\
M. . &FE (025, 0.50. 1.00 g/kg,
I3 AR S TGRS GRIEDR) 1. 24 465 Wi, g4
6 Ko B4R ig AN 259 (SmL/kg), i HEZH A1
R ig SRFRMIZERK, 1 kid, E8452530d.
232 B RAEMER S 16 K, KE
SCHRTTIES), MR AL 252 M e HS 91K BIR
SR P IR AR, i P e K B AL B B TR KRR
() b R, B S R R S DA KSR A
FEXT BT SO, JFEN 0.02 mL %A HS (11X
108 CFU/mL) [, & 3 RES 1k, LSS
o IERRINES, KRS H U ph 2R EE . B OK .
BRRENFFERI, I+ HERe HBZE T

L, (RIS 2 HE B 2T i DA S A A D 3 £ 40k
PR R MO .

233 FEARSE RKXGHE, KRR 12h O
IKD, ip 1% L AN (40 mg/kg) BRI . i
FFKIML, FRFE 1h /5, 3000r/min (B0F4E
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WA E, MR S BE ) E ) B A EUTA 2 2R
REETHL, —EHFEAET 4%% R P BER
e, THIERTNRGT 24 h A—HoFEAET
80 CKIMRAF, DALt

234 MIEEAREN BOKKR MG, &R &b
B A L% B COX-2. IL-1B. PGE». TNF-a. 5-
HT. MCP-1. CRP. ICAM-1. IL-6 fl LTC4 [fJ7KF-.
2.3.5 MAFBAHZATR AR ZK LD (hematoxylin-eosin,
HE) Zett UK RMAERAHL, & AR ERKS —
ARG G, A& . VT E
WK GERIS 5 CREAL, B S AEIRAR R Rl hiR
8 3~5 min, £ H KoK fE LA R AL 3 22 R 5
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P& CRERAFE MK — 2RE AL, DA A R S
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PRS00 I PR R R

242 BN RAHCEEF RS 7E GeneCards %
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(https://www.disgenet.org/) FG 2 “ P2 VLMK 58 7 #H ¢
FERH, MR REGRMATREE, 5IF, HEREEX
H, DA ORECE A A E S .

243 Y EHRIEE SN ES T R\ AT
P R 43 5 I R A R RS M T 98 A O 3 TR N
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B, A ARSI AR 25 W6 9T 5 BT AE B A
2.4.4 %0 AE S SR 0% % S B A - 2 UM B
YEH] (protein-protein interaction, PPI) [ 4% fjfs) 4
PR SN STRING 4 % Chttps://string-
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FE B0 =0.9 (e BAS BED o FFBRIILEE 2T, W
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25 b )RR RN 2RI T R RO BE R g4
RUL TSV #ARAFF TN Cytoscape 3.9.1 it
1745381 FIH Cytoscape H1[1) “Generate Style from
Statistics” T H 1% B /2%, 75 s (1R NI E S
P B AE X
245 PRI DR R S I E K
28 3o R TR B M )\ AR IS M R O AR 0 B R
Excel &5 N Cytoscape 3.9.1 B, #yg “rhzy-
TETERCT A% BE R I o 1IN 28 B R T 2
YIETT BRI 7 FHLR], R0 B B AT VAL
2.4.6 FERAMK (geneontology, GO) IhfE M Hi#l
FR 5 R KA H R4 T (Kyoto encyclopedia of
genes and genomes, KEGG) I E LM K4
BT B DR RN DAVID $idi e, &
EY)FA “homo sapiens”, B{E/NT 0.01. #H4T GO
ViR (biological process, BP). GO 4t 7y
(cellular component, CC)+ GO 73 FIJfE (molecular
function, MF) #1 KEGG @I & 817, It
RAE AT, FIHAEYE B2 M5 Chitp:/www.
bioinformatics.com.cn/) ¥ 45 5 L& T A1 < i B 1)
TE AL -
247 S TRHEEGAE M PDB ¥EFE (http:/www.
pdb.org/) F1 PubChem %4 /% (http://pubchem.ncbi.
nlm.nih.gov/) 73 7k 2 HE AR 1 1Y) Al A S5 A RIS A4 2
FHI=4EgE R . B AutodockTools 4 % FH 24 2 4 %)
B, wEiE s T SRER S TG RN
J1. @ER<0 RUWEWRY SHEA S T46
FHAHEAE, #5468 <-5 keal/mol (1 keal/mol=
4.182 kJ/mol) ZRMYEATZ 8] BATEGRAIRAN AT o
2.5 Western blotting #& I ME ZF4H 27 TLR4/p38
MAPK/NF-kB @16 X E B FRiL

HOK BB, A RIPA ZfER, 4 C%
R AT, B S fEVK L F#HE 30 min. 3 500 r/min
(B0 N 8 em) B0 15 min, W4 FiFWH, R
F BCA VEE Bt HREE, JFEAT AL B . 2R

FIFE i 281 e B R AN - 5 TR M T i B I FL VK,
% PVDF i, A S%Wila4-9y, =iRHME, H
TBST ¥t 3 ¥, &K 15min, 435I TLR4. p-
p38 MAPK. p38 MAPK. NF-kB p65. p-NF-kB p65.
B-actin. Vinculin —HT (FRELLBIE N 111 000),
4 CEIIR . TBST Pk 3 Ik, &K 15 min, il
NAHRL =t (FoRELLHIA 1250000, =HEIFE 2h.
TBST &% 3 ¥ &K 15min, JIA ECL b2 K%
AR ARG, BEE T R AUE R G T R
1% . LA B-actin. Vinculin /fE AN SEH, 1 H Image
J B & B AR B B B 5 K BRI AT oA, BLHE
PR 5 N2 8 KB A R 3R B2 1 A
X RIE K
2.6 SEitESH

SKH SPSS 21.0 Giit- bk AT 8 o tfr, &4
i LA X £ s RN o 2 21 18] 1 LR F B R 3R 07 224y
Hr, P LRI LSD 5 o
3 &R
3.1 H/\BREUWIMIEE MY

H\FHEEIR SA. EC. HS. DP 4 KA
SR 1 Fow, B\ A% SA. EC. HS
A1 DP 1] MIC 43528 0.250. 0.250. 0.125. 0.250
g/mL, )\ MB35 S8 PR 4 AR 5% B
H— DB E .
3.2 i/ \AIREUWIST HS B SAEMH A KR
BIER
3.2.1 U\ MAREAINT HS 75 S A8 I 28 KRR
B IORER KSRz W 1 BoR, SRR
Eefe, MK BRI IS 7 TNF-o IL-1B. LTC4. IL-
6. COX-2. 5-HT. PGE,. CRP. ICAM-1 Al MCP-
1 K FRETE (P<0.001); SHEMALE, KE
P A0 HL )\ AR I & A 4 TNF-a. IL-1B
LTC4. IL-6. COX-2. 5-HT. PGE,. CRP. ICAM-1
A MCP-1 /K-35 2 2 F# % (P<<0.05. 0.01. 0.001),
)\ B R &4 IL-1p. LTC4. IL-6. COX-2.

Fz 1 H/\AEEEIXT HS. DP. EC. SA RHEEERE (X+s,n=3)
Table 1 Inhibition zone diameters of A. bhotanensis extract against HS, DP, EC and SA (X £s,n=3)
SN _ 05 B B4R/ mm
2H 5 R E/(g-mL™) A EC . op
O\ IREA) 0.5 20.6+1.7 140+1.4 123+12 10.6+1.2
1.0 133412 73405 140412 12.0+1.6
1.5 10.6+2.3 8.0+0.8 10.0+0.8 8.6+1.2
V9 E 2.5%1073 26.6+1.7 21.6+0.5 21.6+32 19.6+2.5
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Fig. 1 Effect of A. bhotanensis extract on levels of inflammatory factors in serum of rats with HS-induced chronic

pharyngitis (X £ s, n=6)
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Yellow arrows indicate squamous epithelial hyperplasia of mucosa; Black arrows denote necrosis of lamina propria glands.
2 )\ FBIREYIXT HS iFSHYISM IR R K R ERE LRI LHIZ (HE, X100)
Fig.2 Effect of A. bhotanensis extract on pathological changes of pharyngeal tissues in rats with HS-induced chronic
pharyngitis (HE, x 100)
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Fig.3 Venn diagram of intersecting targets of A.

bhotanensis extract in treatment of chronic pharyngitis
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chronic pharyngitis
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Fig. 7 Molecular docking of active ingredient of A. bhotanensis extract and key targets
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Fig. 8 Effect of A. bhotanensis extract on expressions of TLR4/p38 MAPK/NF-kB signaling pathway related proteins in
pharyngeal tissue of rats with HS-induced chronic pharyngitis (X + s, n=3)
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