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Abstract

Objective: To explore the molecular mechanism of Belamcandae Rhizoma and Ephedrae Herba coup-
let medicines (BREHCM) on bronchitis based on molecular docking technology and network phar-
macology. Methods: The active components were searched using the traditional Chinese Medicine
Systems Pharmacology Database Analysis Platform (TCMSP). Gene Cards database was used to screen
bronchitis disease targets. The STRING database and Cytoscape were applied to construct the coup-
let medicines with bronchitis action target network and protein interaction network (PPI). Molecu-
lar docking validation of the core components with key targets was performed using Autodock Vina.
David (v6.8) was used to perform target Gene Ontology (GO) and KEGG pathway analysis. Results:
The main active components of BREHCM are quercetin, luteolin, kaempferol, naringin and isorham-
netin. The key targets for bronchitis are TNF, IL-6, IL-1B, mapk1 and VEGFA. The results of molecular
docking verification show that the core components can fully combine with the key targets and play
a role. Candidate targets mainly enrich TNF signaling pathway, HIF-1 signaling pathway, FoxO sig-
naling pathway and nod like receptor signaling pathway. BREHCM can reduce the contents of im-
mune proteins IgA, IgM, IgG and immune factors IL-1, IL-6 and TNF-a in the blood of rats with bron-
chopneumonia. Conclusion: The core active ingredients of BREHCM are quercetin, luteolin, kaempfe-
rol, naringenin, and isorhamnetin, which may regulate TNF signaling pathway, HIF-1 signaling path-
way, FoxO signaling pathway, and NOD-like receptor signaling pathway to exert therapeutic effects on
bronchitis.
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ZOTHE CGEERER) &L, BAEMEEK. bR FRFORAIT A RIE . A W, U
W TR M B X 7, B A ALK 2, B E, & AR, KRR BT 6]. BT AR A AE R IR,
R B 2 W PR FH T S R A PR ZE A Al T L BRI SRR RA BT RIRITE LT 8] (9]
[10] [11]e b, BT ATIRE S BRHEY) N T+ (Belamcanda chinensis (L.) DC)FIIRZE, BA iR
B, VHIERGS, WRAMZ DIRL BADUR. DU, BrEAL. TERR B B EEEIAER12]. B A RREE
B B YRR 38 FHEYI SRR Ephedra sinica Stapf WK% Ephedra intermedia Schrenk et C.A. Mey.5Y
ARWEIRSE Ephedra equisetina Bge. I T E 2, YRR, WA, WRE, e, BA S, KTFIK
R, BARSORE I el PrEde. SEorRSER13]. WESH, ERIFH, 5k
FHs, MO, AAAHELG, AT RASERU RS S M- . (bR AR AR I [14]. AR H BTSSR - BRI 2%
TR R R 2B FH AT S ARIE L2, AH G e G 7 SOV R IS0 T LI BIF 5

KGRt 2 RCAL R AR AR, A 70 10X 2% 24 38 2 i BiF e JB B AN 705, PSR - R BE
LIRS HEPER Y, VRIT SCRUE RITBERE AL, 0 T IR SO T ARSI T RGBT TT, IR 1
S AR M A BT SO A BV R RO AT AR IIE . SR - R XA SR R
YRRy, RBAZZNAIT SCUVE R TS, 9t — B sh S ie it B At e Ak -

2. WAk
2.1. MEEHIEEMR

2.1.1. §F - REABEFER I HTFE

BT - BREZN AL S RN G RS 25 H E4[15] (TCMSP, https://old.temsp-e.com/index.php) Eid
FER R R RN . EXTF A, AT =543 %28, 8 O REYFIHE(OB) > 30%, F
FHI(HL) > 4 FZEZ5PE(DL) > 0.18 [16] [17] [18], RAFIEF T+ — BRI 2G5 Hh (T 7E I8 1 10

2.1.2. FEMERLS - B LR TR

jlxt STITCH (http://stitch.embl.de/) Al Swiss Target Prediction [19] [20]
(hitp://www.swisstargetprediction.ch/) 5 4 FE TG4 B 23 (R4 FHAEE A0, A5 FH 3808 s Tt 00 5080 /2 o b i ) A
B R R (ARSI B AR HE R B3, FE RS T A HER P o {3 Cytoscape3.7.2 BCHE 7 al A4k 35 1
Ry - BRI, i Cytoscape BAFH T “CytoNCA” I fF i iEAZ O LSy o

2.1.3. XEEREREXESNIFE

MFE GeneCards v4.14 (https://www.genecards.org/) 5  HHICEE 32 A8 2 IR B 55 [21] [22] [23]. F
FH UniprotKB (https://www.uniprot.org/) % 224 LA 1 S ) BT 30 s b AE A N J5 (K] 44 B/ AT UniProt ID. f#
F STRING (http://string-db.org/) A4 £ S 0 U8 5 - 85 SR EAE (PP S, {# 4] Cytoscape
BAFH “CytoNCA” R {1 70 3V 28 A% O A FHEE AL

2.1.4. BT - REHMETXSER AL RFE

¥ «2.1.27 RIFBIMST - BREZHERRESE )5 “2.1.37 F45 301030 RBRIL R (K 2)1E
Venny 2.1 (http://www.liuxiaoyuyuan.co/) &3, K EI —HZER N T - RE LT SCUVE RITER
LIl

2.1.5. {EFIELAHY PPI K%
$5 “2.1.47 SERAHIOLE IS N B] STRING B0l Fe, MO T “BA” F35I{F A1 PPI %4
$4F. A5 STRING HH P St HO BRSO SN Cytoscape $KHFHEATRESL ST - RRESZERHE R T 300
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RITATRAL PPL 4% o i Cytoscape ¥ “CytoNCA” [ FFIRTE S T - BRECZRHEH T30 U8 R
FIAZ O A

2.1.6. #ILAL S 5 XEE AR FIHERIE

7t RCSB PDB #{(#f# /% (http://www.rcsb.org/)HF T “1.5” Wik FIRT S AL OS5 PBD #3040+
SRS, PIPPIEFE “Homo sapiens” 5 7E TCMSP ## & H (https://old.tcmsp-e.com/tcmsp.php) T Hi “1.27
PR R ST - BRI 245560 BT FLALAZ L 53 1 mol2 4% X 1S5RS0 . SR AT Autodock Tool X FiR %048
FUE RO IE YR B 34T TRAL FUS {8 F Autodock Vina [2413E4T 4> T RHERL, 153040 T HHER BN S f .

2.1.7. ZEATHEE(GO)M KEGG RiHEEZESHT

f#1H DAVID v6.8 [25] (https:/david.ncifcrf.gov/)5HE FEXT 1.4 AR H95H T - BREE 2GR TT SO R
(IVE TS S H0AT GO ThRE i, W44 FEBP), A4S (CC)M o T IIRE(MF), LM KEGG i
BEEENNT. P1H <0.05 11 GO Tl P1H <0.05 1) KEGG B U N A A HEEZ L. BELEREHR
B E AT ETEAL R R

2.2. FHISCIRTEE

1) ¥ &% SPF 2% SD KRN, RS & 180~22 ¢, 50 H, WgH BWIT FEHA RELIR ST, &
RUEgR 5 : SCXK (F8) 2015-005, ZIRIEFRAIE HISFF G E (L0 zhPE B4 E) .

2) 25T AR B BT R ARG FH 0 B R TR R 2K M E SR — R B R 2R 2, SR AT A
[F) 7 VR P 28 K BE B I RIRGONIR G, BT B 2TV M i 46 777525 SCHiRk[26]; KR ELISA 5
F(IgA, 1gG, IgM, IL-1, IL-6, TNF-o)}J0lg &5 i AR R A .

3) SZIGEN PRSI ) 4% SR F I SIS U N VRS LPS BT VE S 1) S AU 4 (CBY K BB 27]. il CB
BRI 4 4K RURCE T AN ER b, A 150 g, AR K RGEATIHE, 8K B4 A% 1K,
B 30 min, $F42 30 d; IR IR E T AR R SR BB RARRTH 1. 15 RATARE
WYEA LPS, &H 200 pug (1 mg/mL), 1EH X RALS TE WIENSER AR K.

4) N5 s PR AR I AR R D K R BE AL 2 S B R ZH L IR A RS AT s R
it 4 4, B 10 R KRAAFEZANS KR AERTFARITE, KHE4HH% 4.55gkg, HFIEH 9.10
g/kg, FFEALTE 18.20 g/kg 45 TV5 AR 1E%H AR RR AL HE B AR B ALK, 1 ud, BSR4 21 d.

5) GPEERE A LM TR IRG LG 24 h, MEFESINKEUNL, #E SO, 2B, 20CHRFEM.
TR 2 R AR TR 5 100 BH 1 SR ) ELISA A 52 636 A BRI i A BR B A TgA L TG IgM FIZH AR A7 IL-14
IL-6. TNF-a K& & .

6) FHEgeit S AL PR IS H R K P + FRUEZE (mean + SD)FE IR . KH SPSS25.0 Seit /A At
TESREEDSN, P<0.05 HEREE, P<0.01 ZRIKEE.

3. 58
3.1. 5F - REREER S

M TCMSP %i#f 2 3Ll 5 7 419 MbEW: Hrb, 3T 56 A, FK# 363 . &0t OB >30%, DL >
0.18 1 HL > 4 ) ADME k)5, MSTdifdk 15 MBERTER D, MR R imik 17 N
WAy, BT 2 MEENEYE, LIS 30 N T - BRI AEE T (1),

3.2. 5 - RENEEERASR
jEit STITCH A1 Swiss Target Prediction £4a ZE Pl Hi 5T 1 334 /N 7ESE s NS 19 154 DB AR
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Mo LHEJFIAGRIGT - RGN 25 MIEVERE ] 343 MEFERE AL, FIH] Cytoscape AT @A 1 A
A 368 AN R 822 NMIAGISS T - BB ZGRNE P R)r — AT £ (1] 1) dlId A BE R IRTE i R
#(quercetin), ABEE ZE(luteolin), 1lIZ3HY(kaempferol), 5+ 2% % (isorhamnetin) F 4 5 2 (naringenin) A& H
O JSERT 5 AL AT (K 2).

Table 1. Active components of BR-EH
F 1L ST - RRAEERSER

T Mol ID Molecule Name MW OB(%) DL HL #E84% ZMARE

1 MOL002823 Herbacetin 30225 3607 027 148 12 TR 25

2 MOL000422 kaempferol 28625 41.88 024 1474 91 JR B

3 MOL000098 quercetin 30225 4643 028 144 216 Jif

4 MOL000006 luteolin 28625  36.16 025 1594 93 R, ST
5 MOL000358 beta-sitosterol 41479 3691 075 536 48 JER 3

6 MOL000449 Stigmasterol 41277 4383 076  5.57 41 R, $TF
7 MOLO001494 Mandenol 308.56 42 0.19 5.39 5 JBR

8 MOLO001755 24-Ethylcholest-4-en-3-one ~ 412.77  36.08 0.76  5.49 3 JREE

9 MOLO001771 poriferast-5-en-3beta-ol 414.79 36.91 0.75  5.07 6 JREE
10 MOL002881 Diosmetin 30028  31.14 027 1634 14 R
11 MOL004328 naringenin 27227 5929 021 16.98 49 JRBE
12 MOL004576 taxifolin 30427 5784 027 1441 14 JER 2
13 MOL005043 campest-5-en-3beta-ol 400.76 3758  0.71 443 9 RTE
14 MOL005190 eriodictyol 28827  71.79 024 15.81 17 JRBE
15 MOL005573 Genkwanin 28428  37.13 024 16.1 18 JR PR
16 MOLO005842 Pectolinarigenin 314.31 41.17 0.3 16.56 14 FR3E
17 MOL011319 Truflex OBP 3345 4374 024 49 7 JRRBE
18 MOL002322 isovitexin 43241 3129 072 1645 7 BT
19 MOLO001735 Dinatin 30028 3097 027 1644 21 B
20 MOL000351 Rhamnazin 33031 47.14 034 13.54 24 T
21 MOL000354 isorhamnetin 316.28 49.6 031 1434 49 CImE
22 MOLO003741 anhydrobelachinal 468.74  43.57 0.78 4.83 0 ine
23 MOL003743 belachinal 486.76 3124 0.64 53 0 S+
24 MOLO003744 belamcandal 5288 3007 0.67 4.84 0 ST
25 MOL003753 dihydrokaempferide 3023 5056 027 1474 8 ST
26 MOLO003754 epianhydrobelachinal 468.74 43.57 0.78 5 0 T+
27 MOL003758 Iristectorigenin (9CT) 33031 7155 034 1632 21 T
28 MOL003759 Tristectorigenin A 33031 6336 034 16.82 22 T
29 MOL003769 Trolone 29826  46.87 036 19.59 13 T
30 MOL003773 Mangiferolic acid 44275 3616 084 571 0 ST
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Figure 1. Active ingredient-target network of BR-EH. Yellow is the active ingredient of Ephedrae Herba, light green is the
active ingredient of Belamcandae Rhizoma, and red is the common ingredient of both. Dark green is the target of the active
ingredient

L 5F - RERAXMMES - BLIERANLG . ARARBEERS, RFEAHTELRS, L ARBHERS;
REEAERER

Table 2. Core active ingredients of BR-RH
2. HF - RAA R OTESER S

fett pemee g e Contalty Convaty  Radialiy

quercetin 216 1.7738 0.6274 0.5637 0.9964
luteolin 93 2.4550 0.1573 0.4073 0.9933
kaempferol 91 2.4387 0.1417 0.4101 0.9933
isorhamnetin 49 2.6894 0.0602 0.3718 0.9922
naringenin 49 2.7003 0.1204 0.3703 0.9921
beta-sitosterol 48 2.6730 0.1090 0.3741 0.9923
Stigmasterol 41 27112 0.0820 0.3688 0.9921
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3.3. XSEMEERER

1E GeneCards 215 2308 % 1 1127 ANEAEAE FBE &, IR BERE S 0E 0 KT R AL 30 427 38 54E R
AR EEAE RS R A EAEE] STRING U 23R HL 1 #E &%) PPI 4%, JEH Cytoscape #f4:
GRS T BAA 353 N AR 4969 S5 I SCAE 2 AE R s rT AR X 25 (1] 2)

ARCN1

DDX1  SCNN1B

17

,44,2 f’:?;\:‘h
Vi

CD79

N
SPAG ‘;‘i. }.‘{?

S106APNAAET
XDH  DNAHK11

SERPINB4
CFAP221 AP1 GNPTAB HDAC9

J1

Figure 2. Disease targets network of bronchitis

E 2. XSERERER ML

3.4. BIF - REATT X SEMRIEMAEAK PPI MEHET

WAE “3.27 GBI MIRREE - 51T 343 MERSES S “3.37 P21 427 MERHE S HIA ] Venny
2.1 JLA53) 70 AL AUN T - BRI VARYT SCRUE RICTETEME TS 3, 4 3). 7E STRING #udfi #3115
T 70 ANFE[EEE K PPT 28 08, F IR EdE 5\ F Cytoscape FAFH AL T B 67 N1 SR 522 AMid gk
YR PPT (1 4(a))e 1E8E 5 AN OB B i (S s AR ST - IRSRE T30 R RINAZ OB A, B
IR IR BE R T-(TNF). K 6 (IL-6). 1413 1B (IL-1B). {4 24RO 2 (1 I4EF 1 (MAPK )AL Y
KT A (VEGFA) (] 4(b)).
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SR XRER

Figure 3. Screening the target of BR-EH in the treatment of bronchitis
B 3. 53F - RAEDIAT XS EMRHER LR A iHE

Table 3. Potential targets of BR-EH in the treatment of bronchitis
=3 9T - RARAWNAT X SERNBEERER

s EASEAY Uniprot ID
ALOXS5S Polyunsaturated fatty acid 5-lipoxygenase P09917
CD40LG CDA40 ligand P29965

EGFR Epidermal growth factor receptor P00533
GSTP1 Glutathione S-transferase P P09211
ICAM1 Intercellular adhesion molecule 1 P05362

IFNG Interferon gamma P01579

IL10 Interleukin-10 P22301

L2 Interleukin-2 P60568
L4 Interleukin-4 PO5112
IL6 Interleukin-6 P05231
MAPK1 Mitogen-activated protein kinase 1 P28482

MDM2 E3 ubiquitin-protein ligase Mdm?2 Q00987
MMP1 Interstitial collagenase P03956
MMP12 Macrophage metalloelastase P39900
MMP9 Matrix metalloproteinase-9 P14780
PARP1 Poly [ADP-ribose] polymerase 1 P09874

TP53 Cellular tumor antigen p53 P04637
ADRB2 Beta-2 adrenergic receptor P07550
ALOX15 Polyunsaturated fatty acid lipoxygenase ALOX15 P16050

CCL2 C-C motif chemokine 2 P13500
CDKN2A Cyclin-dependent kinase inhibitor 2A P42771
CHEK2 Serine/threonine-protein kinase Chk2 096017

CRP C-reactive protein [Cleaved into: C-reactive protein P02741
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Continued
CXCL10 C-X-C motif chemokine 10 P02778
CXCL8 Interleukin-8 P10145
CXCR1 C-X-C chemokine receptor type 1 P25024
E2F1 Transcription factor E2F1 Q01094
EGF Pro-epidermal growth factor P01133
F2 Prothrombin P00734
GSTM1 Glutathione S-transferase Mu 1 P09488
HIFIA Hypoxia-inducible factor 1-alpha Q16665
IGF1R Insulin-like growth factor 1 receptor P08069
IL1A Interleukin-1 alpha P01583
IL1B Interleukin-1 beta P01584
MMP13 Collagenase 3 P45452
MMP3 Stromelysin-1 P08254
MPO Myeloperoxidase P05164
MYC Myc proto-oncogene protein PO1106
ODCl1 Ornithine decarboxylase P11926
PIK3R1 Phosphatidylinositol 3-kinase regulatory subunit alpha P27986
PTEN Phosphatidylinositol 3,4,5-trisphosp;l}:z;h-stl;(;:phatase and dual-specificity protein P60434
SELE E-selectin P16581
SOD1 Superoxide dismutase [Cu-Zn] P00441
SRC Proto-oncogene tyrosine-protein kinase Src P12931
STATI1 Signal transducer and activator of transcription 1-alpha/beta P42224
TGFB1 Transforming growth factor beta-1 proprotein P01137
THBD Thrombomodulin P07204
CHEK1 Serine/threonine-protein kinase Chk1 014757
HSP90AA1 Heat shock protein HSP 90-alpha P07900
MAPK14 Mitogen-activated protein kinase 14 Q16539
NOS2 Nitric oxide synthase, inducible P35228
PTGS1 Prostaglandin G/H synthase 1 P23219
PTGS2 Prostaglandin G/H synthase 2 P35354
XDH Xanthine dehydrogenase/oxidase P47989
CYPI1Al Cytochrome P450 1A1 P04798
HMOX1 Heme oxygenase 1 P09601
MAPKS8 Mitogen-activated protein kinase 8 P45983
NOS3 Nitric oxide synthase, endothelial P29474
PRKCD Protein kinase C delta type Q05655
CHRM3 Muscarinic acetylcholine receptor M3 P20309
DOI: 10.12677/hjmce.2022.101007 61 2tk


https://doi.org/10.12677/hjmce.2022.101007

Mt 55

Continued

SLC6A4 Sodium-dependent serotonin transporter P31645
SLPI Antileukoproteinase P03973
LTA4H Leukotriene A-4 hydrolase P09960
VEGFA Vascular endothelial growth factor A P15692
TNF Tumor necrosis factor PO1375
CAT Catalase P04040
GSR Glutathione reductase, mitochondrial P00390
HMGCR 3-hydroxy-3-methylglutaryl-coenzyme A reductase P04035
MAPK3 Mitogen-activated protein kinase 3 P27361
DUSP1 Dual specificity protein phosphatase 1 P28562

Figure 4. PPI network analysis of target. (a) PPI network diagram of target; (b) The top 10 core targets of connectivity.
Through topology analysis, the size and color depth of nodes are directly proportional to the centrality

E 4. {EREESE PPI ST, (a) {EREEAE PPILKE; (b) EEHEERT 10 A9 MEREES. BN 4,
TROX NG RRESHOERIEL

3.5. RLTEMR S X R B S FRHEEESR

NIRRT - PR 2 A% OB 2 5 0] DAE R T3R8 RAZOHE S, K “3.27 R RIS T -
PR3 2455 BOAZ Co v ME 7 BT .44 B quercetin. luteolin. kaempferol. isorhamnetin 1 naringenin 5 “3.5”
PRS2 F % 0B S RT S 44 1 TNF (PDB ID:5UUI). IL-6 (PDB ID:ALU1). IL-1B (PDB ID:2NVH). MAPK1
(PDB ID:2Y9Q)#! VEGFA (PDB ID:4KZN)iE47 4> F X 245 & I IAIE, LSS & BB (affinity) O BUE X 4+ X
B IR EATIT 4, A5G RerIEUE RN Won 7 T RIS G Re U S EAER RN —B0l N, 4iahe
T 0 keal /mol. RS2 E H 5B RS )] AT H RIS G, 256 A8 < —1.2 keal /mol A BT 1)
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Table 4. Molecular docking verification results of main active components and key targets

4. EEFRMMS SHEXXBER S FIHEWLIELSR

5% RS ER 11 1 43 T 0 45 4 e /keal *moL

REEFEMEAC ST T
TNF IL-6 IL-1B MAPK1 VEGFA

quercetin -5.8 -7.0 —6.1 -9.1 =55

luteolin -5.8 —6.6 -6.4 -8.9 -5.6

kaempferol -5.8 -6.9 -5.9 -9.1 -5.2

isorhamnetin -5.9 -6.9 —6.1 -9.2 -54

naringenin -53 -5.9 =5.7 -8.0 -53

(a) ASP-140 ' (b) 1
ARG-179
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ASP-34
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Figure 5. Moleculesdocking mode between main active components and key target. (a) TNF and isorhamnetin; (b) IL-6 and
quercetin; (c) IL-1B and luteolin; (d) Mapk1 and isorhamnetin

E 5 FEEFEMRSEXBELD TIIEERRE R .(a) TNF 1 isorhamnetin ; (b) IL-6 # quercetin;(c) IL-1B #1 luteolin;
(d) MAPK1 #0 isorhamnetin

3.6. GO 1 KEGG ERE&E ST

GO DR & E i aE £33 201 MEWIEFEBP), 17 ML E(CC)FI 30 AT I HE(MF) (P < 0.01).
Fodp, OCEER) BP RN T RR A TS 0K HE 2 I RO . IR N BRI FRIA 1 IR R
RNA RAH 11 JE ) TR . RAE B IR ZHEA 1015 58 . ERK1 1 ERK2 ZZHCRH 14 185 o
R AU B AR I IR R A A B AR R RIS . S ) CC BLRRANARANRR . HANX . /B AH A B AT
SRR AU M) MF R EGREL & I FiEtE . MRS G EREE - RIEE. EAd
G AKEFEE. MEINEEAY S, NADP 454 MAP BGE A1 O R s 45 6 55 (K] 6). 2T
BREREE PSR P<0.01 3 E4ER] KEGG AR MRS 89 2k (K] 5(b)), ZFr5 MA@ & & 5%
P F B TNF 55, HIF-1 {555, FoxO {5 5. NOD FEZIAS 555 5 MK,
FYNHE B CEINEE BRI 2005, BB CBIF% . RGBT 2. AR, HHK. 583N,
PEREVE 3 S T I B (1] 7).
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Figure 6. Results of GO function analysis. Pink: biological processes regulated by key targets; green: cellular component
regulated by key targets; blue: molecular functions regulated by key targets
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3.7. BT - RRMXSERAR R RETREB MAREF KT

SR 8. HIEW XA, BRI R MiE + 1gA. 1gG. IgM. IL-1. IL-6 J TNF-a /K
FHIRZEF P <0.01). SEAXTRAML, KHIEH gG. IgM M IL-1 B3 F&, FrsmME5=E~H
254 K BT A R B AR 5 B B AIR(P < 0.01), o, @R A MRS 1E X A0 B3 2
(P> 0.05).

4. i1ig

ST 7 B AR AR A ST (GREAIFRIR) , RIS RERNGEHTTR, A SCEL 1R
NEZIWST - BB RN R, VPR A IR P L] S5 R 3 B AR R R mT il
I 5L PPARy. IL-4 FiA7KFF1 IFN-y (IR IAKCFF p38MAPK . —E AL R A B/ — A A B A5 5 M i
FERH) S8 R AEMVEFI[28] [29]0 o, TL-4 TR0 2 MR A8 1 30 <8 R P RIE B B3, IR 5%
HHIE IR PERLAN BAR DG, B A — Bl OGS R R IRGE Y 4H R Rl [30]. TFN-y & 7ERFIR IE YL 4 JE 1 b 2
SEIEIN, P FROE " Fk E R R I KA SR [3 1] [32] WREE HH VA B 2% 0 T JE ik v S A R B YR 4E MMP9
HMMP12 )ZIE KB LRI JORE MR« S4h, B 300 wTad I 22 i A28 Sk il fis 248 o Py Sk
[33] [34]. AHFFCR I L2 By x4 % R M B e 1) AT B S5 B0 B A B Ve T E A, TR
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Figure 7. Enrichment analysis results of KEGG metabolic pathway. The graphic color changes from green to red, showing the
significance of metabolic pathway “—log10pvalue” from small to large; the graph size represents the number of genes enriched
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Figure 8. Effects of BR-EH on immunoglobulin and cytokine levels in bronchitis rat model. Note: compared with
the control group, P < 0.05, P < 0.01; Compared with the model control group, P < 0.05, P < 0.01
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P RN AR B TIHIVER, X5 BEHI L NF-kappa B {5 538, WMIMAMEN X 16, BURER
FERF RIS TR E A 6 F K[35] [36] [37] [38]. AW FTIE 7 7t 5 2% 2 AN 4 280 € 76 46 BR 1 2 B 3K v
AR ANEIEFI[39]. Al R 2 W AT idE I 52 AR TE PR AL T SRR M4 toll FEAZ IR 2 A5 1 98 i R BE[40]

5 KEGG % & 4 o, BT - BREEE W5 Mo S0 R 7 (TNF)E Sl % . HIF-1 15 538 8%
FoxO {5 518 E 1 NOD FfZ AR SEE Sl B RIGIT S UE % . TNF {5 5@ B+ TNF-a 5 TNFR2 454 AL
7% NF-kB 5 5, F=AEJRMEN, SN AREFE A IR IE R 28, SR OEd BN . Bk, P11%
BB A BOATT I B R SR A SR R [41] [42] [43]. HIF-1 2 40 B I Sk 420 B 5 2 1 3 5t 1,
BEAERT 90 SR 2 Fhops 25 RES IS HIF-1 {5 538, AR e, SR F iR ek %
REBE R EE A . L, 7T HIF-1 {5 5 I8 8% o7 DA HE 15 32 2 RV RO B S OB, (30995 25 AT
TR 1IERR[44]. FoxO TEANALE AN 4 AR P AL A p st O p iR AR, ARSI RAMIR, 76
YRR b A e UMz, L DNA 4568k 5 DNA 45415 SAUMAET: Wk FoxO 5 AR 4 &
RGN AR, AT 2R 2 A TR, ANIRAEVE[45]. B RR 4SS & 5 R (NOD)/E N4t i Y
BRI S A, 3 I R S0 40 T 4 L B L B P — JIk (MIDP) 43 3 S LR S B I N, AT 5 AOEA o R
. AN, NOD M0 5 i 52 A T /E F 0% NF-KB 13 5 B8 F1 MAPK 135 5388k, 5l KA RN 1K
H:[46].

AW I 45 R BRI R JE R T-(TNF). I E 6 (IL-6). AN E 1B (IL-1B). {20 245 0% 2 A 3 1
(MAPK ) FLAE A B A KB F A (VEGFA)ZHTT - BREIGIT SCAE RO, P4 R EoR
BT - R O S IR S A A R . AR T I ST S A A K BB R AR T B TR 20
S T 1gA 1gG Fl IgM BL A 4R T IL-1. IL-6 FI TNF-a (520, BIF50 45 B R WIS+ - B 2450}
X IR KA A BE R R EER, XD IR T M 2 A R IR IR T -a
(TNF-a)/&—Fid B RGP SORE AN 7, E 2 EVRAN W, 5 ZAE R T e 4R Thae,
A SRR HUR RERUR[47] IL-6 T IL-1B 52— KNS RIEM AN, D902 2 H 2 Fhgn ™4
FAEH T Z R — BRI 1, EASER, WSS RTREME, N T. B 4IRS, ¥ES
I3 A SE S HH S B B AR F [48]. MAPK A2 4H A P 1 —Fh 22 S IR/ 75 2 R Bk Vg, 7EAH RIS 5 . 4
b Bk BT R R b B & e I AIMEI[49]. A 25 BRI S T MAPKL AT MAPK3 1E A%
SXoF G AL LA 75 - SR R 45 S R G ST BRI ¥ 51 RS 1 98 M S N A FH[50]. VEGF 7R AR I
EEIE R TR I A R A0 R A R R R A A AR KR T, AR S IR . IR 45 R
SR, HERERBEWANE M REINE T TNF. VEGF M IL-6 fTHE[51]. Z5FERF s BEW, H)T
SCE T 5 K 255 AT AR R 4R B IR

R LATR, BT - BREZ I TEAZ ORI R, KRR R ILER, MERMRRER,
X EPE RS R I AT N R IE, AE T ORI SE R (TNF)S 5@ . HIF-1 {55 i@ . FoxO
55 E A NOD FE 32 AR5 5 5 il , mR B PURS. PR R e, 5T - iigm REn
JT S RIVER, S sese ime Fo 45 ERAE T FIR 4518 . AW 501% 245 XHR YT S0 2 1o THLHI I /¢
FRALIERY, AR AR B W — D R RN P B B IR IR AR

EHEWmHE

b g T AR I AR R 45 9 L 00 ¥ 4 5 B I H (2572020DY04) ;  [E 5 Rl 5 A R O A G R
(2019FY100500); M T 24 18 £ J5 #& 4 T H (LBH-Z20091) 5 Z= Ab #Rlk K 27 Ok 22 A 61 3 Il 2R 100 H
(S202010225011).
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