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Antitussive and expectant mechanism of Fritillariae Thunbergii Flos and
Eriobotryae Flos based on network pharmacology and molecular docking
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' Zhejiang Pharmaceutical College ,Ningbo 315100, China; > Nanjing University of Chinese Medicine ,Nanjing 210046 , China

Abstract : In this study, network pharmacology and molecular docking were used to elucidate the antitussive and phlegm-resol-
ving mechanism of Fritillariae Thunbergii Flos (FTF) and Eriobotryae Flos ( EF). Firstly, TCMSP database was applied to
screen the active ingredients by oral bioavailability (OB=30% ) and drug-like (DL=0. 18). Swiss Target Prediction data-
base was used for target prediction. GenCLiP 3 and Drugbank database were used to analyze the targets related to cough and
phlegm resolving. Secondly, Cytoscape software was used to construct the compound-target network ,and ClueGO and ClePedia
plugins were used for GO functional enrichment analysis and KEGG metabolic pathway annotation analysis. Then, AutoDock
Vina was used for molecular docking and scoring of 20 components with key target proteins, respectively. Discovery Studio
Visualizer was used to analyze the interaction between receptor proteins and ligands. Finally ,20 compounds,42 potential tar-
gets and 14 major signaling pathways were obtained. Molecular docking validated part of the results,and the main interactions
were conventional hydrogen bond,alkyl,Pi-Sigma,and Pi-alkyl. FTF and EF may produce antitussive and expectorant effects
by alkaloids, triterpenoids , and flavonoids , mainly acting on PTGS2,AKT1,VEGFA ,and TNF,via VEGF, arachidonic acid me-
tabolism, IL-17 , TNF and other signaling pathways.

Key words:: Fritillariae Thunbergii Flos; Eriobotryae Flos;network pharmacology ; antitussive ; expectorant ;molecular docking
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Table 1  Basic information of potential active compounds in FTF and EF

P 3= HEY I A W ) P FhE Z:7% 3k
No. CAS No. Compound OB(% ) DL Reference
1 18059-104 Il #E%E Z, Peiminine 59.52 0.67
2 520-18-3 125 Kaempferol 43.55 0.24
3 480-19-3 R EZEE Isothamnetin 51.04 0.31
4 23496-41-5 DL H Peimine 17. 66 0.67 7.8
5 17331-714 B RZEE 3-0-B-D- -7 -0-a-L- FLZE M Brassidin 31.96 0.46
6 22147-34-8 (E)-FE 21894 /\BJER Elaidic acid isopropyl ester 32.47 0.22
7 544354 TP iR 2.1 Ethyl linoleate 42.00 0.19
8 79551-86-3 20-$25 — 1Bk DU RR 20-HETE 35.88 0.25
9 10417-944 R TLIETR Ficosapentaenoic acid 45.66 0.21
10 8346-5 B4 {5518 B-Sitosterol 36.91 0.76
11 73123-10-1 Mt R Quercetin 46.43 0.28
12 522-123 Wi Quercitrin 4.04 0.74 9
13 7235-40-7 B-#H% % B-Carotene 37.18 0.58
14 81646-18-6 WA B F Luteoxanthin 64.29 0.54
15 508-02-1 FFHEUR Oleanolie acid 29.02 0.76 11,12
16 52213-27-1 20-F2 5 2 3R 2a-Hydroxyursolic acid 18.56 0.74 11
17 4547244 BRI Corosolic acid 18.56 0.74 10
18 4373415 L& Maslinic acid 15.54 0.74 10
19 77-52-1 AELR Ursolic acid 16.77 0.75 11,12
20 29883-15-6 HAH Amygdalin 4.42 0.61 9
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Fig. 1 Venn diagram of targets

2.3 HO—RLAMZNAER S TEHAERZEH (B 2) , /7 FIHE 5 PTGS2 L AKTI
il STRING FI Cytoscape M T s /r—HL 4 VEGFA TNF AR H b i G s N (L3 2) o Tifil

HAEE Hi SRR FOR R BB R R IR S R MR RS T e

O3 AR I SRR RS S AL R A AR TP A (AR 3) .

e



Vol. 33 P R S5 - T [ 2 24 B2 R T 0 S B T DR AL -HEAT AE 250 11 e (LB A IR B 52 285

Quercetin———— &4 i 4p——Sitosterol
Common compounds

ANy £/4
o

TRPVD CHRM3 \ PPARD" , ALK

'TGER

— Brassidin.
20-HETE ‘v S
A DRA2
‘hA‘ orh:

Eicosapentaenoic Acid
it TLEHE

LT

Ethyl linoled «‘a"

—€orosolic acid

R
\Quercitrin
2 ==
5 \\X\Wdlnlc acid
7 26:Hydroxyursolic acid /
A

ftje ;. —isolieacd
Ll

b g _

‘_ REN S FOR— L
Elaidic acid isopropyiester " emi"® ‘ ’4‘/ I*beta-Carotene
‘ G <3 |
A~ =
_ /k/ S B "
CHRUZ A MMPY = (12 CNR2 = BCHE ~CHRMI1

\ /, A \

b\
Aloxiz < GBA — GBA2.  SIGMAR SHBG

B2 Mo—#8-EEMEE

Fig. 2 Component-target interaction network
T 2RI R s TR B 5 5 (R R R 040 5 P 7 9 00 76422 30 21 46, 0] 3/ (857 . Note ; Diamond represents targets ; Ellipse represents

components ; Light color represents high degree.

R2 MEXBEINERER
Table 2 Basic information of key targets in FTF and EF

e EURERE S s o i DL
No. Uniprot ID Target Type {8 Degree centrality
1 P35354 WE A2 PTGS2 AL E it 27 0.103
2 P31749 2R/ SRR % AKTI Tty 24 0. 046
3 P15692 M5 N KT A VEGFA S WEA 22 0.031
4 P01375 MR RBEIA F TNF Sy 20 0.017
5 P00533 F K2k EGFR ot 18 0.017
6 P09038 IR AE MR AE A F T 2 FGEF2 S WEH 17 0.014
7 P03372 MR Z K « ESRI Wk 17 0.043
8 P37231 it S AL W R S S B0 Z 4K v PPARG Wz 17 0.027
9 P14780 FERUG IR A B9 MMP9 E A 17 0.050
10 P21554 KFRZEZAK 1 CNR1 G HE A HBZ A 17 0.050
11 P60568 A 252 112 inl/% e 16 0.017
12 P22303 LBEANGERERE ACHE K fifk i 16 0.027
13 P30542 JRFF 2 4k Al ADORAL G & BEZ Ak 16 0.045
14 P08183 ATP & #iE% 3 |i ABCB1 FahEEE N 14 0.011
15 P21728 D(1A) Z iz & DRDI G % MBI Z 14 0.014
16 P00797 %% REN 7B [ 14 0.008
17 P35228 HSH—E LA AT NOS2 i 13 0.067
18 P08254 %I ZE-1 MMP3 T (1 13 0.006
19 PO5164 Bt LR MPO ity 13 0.011
20 P18089 a2B & [BEEREZ Ak ADRA2B G 7B {8521k 12 0.027
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Table 3  Basic information of key compounds in FTF and EF

Fe 5 &Y JEfH D B

No. Compound Degree Betweenness centrality
1 1125 Kaempferol 10 0.010
2 VI #+% Z, Peiminine 10 0.013
3 HZEZK Isorhamnetin 9 0.008
4 Wit Ji2 2% Quercetin 7 0.019
5 B-4 8§ I B-Sitosterol 7 0.016
6 20-#2 3 — BRI MR 20-HETE 7 0.008
7 Mtz F Quercitrin 6 0.019
8 5t RZEE 3-0--D-HjHHE-7-0-a-L- 2 Brassidin 6 0.004
9 "Bk FLEER Eicosapentaenoic Acid 5 0.003
10 Wiz £ fig Ethyl linoleate 5 0.003
11 DUEEZ I Peimine 5 0.004
12 WA AF Amygdalin 4 0.012
13 2a-F2 I F L 2a-Hydroxyursolic acid 3 0. 005
14 FFEURE Oleanolie acid 3 0.005
15 WA it Luteoxanthin 3 0.008
16 B-T% N & B-Carotene 3 0.010
17 (E)-HZ2B5-9-+ /\BkMsH2 Elaidic acid isopropyl ester 3 0.002
18 I #& PR Maslinic acid 2 0.001
19 B2 &2 Corosolic acid 2 0.001
20 REH{Z Ursolic acid 1 0.000
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Fig. 3 GO functional enrichment analysis
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RAE SN (GO :50727 ) A5 4% 1 AL H A (UL IET 3

Fided) . S, (56 Hei, B2 R U O
FERIE o JER B (0 ME SR D T R A R SRR R
Bonferroni AL IE 24812 Ll /b T A IRAY T,
2R Bonferroni 4% 1F P {HAE N FE S 2K,

F4 COgEEEN

Table 4 GO functional enrichment analysis

i GO 4% Dk Pt Bonferront B 7 {1
No. GO ID Description P value corrected P value
1 9410 Xof SR 2 2.069 96E-09 2.069 96E-09
2 50890 Nl] 1.825 27E-10 5.475 81E-10
3 7584 X IR ER B UL 2.461 02E-10 4.922 04E-10
4 16705 FULIE JEETE 1 T RO A 8 ABGER 5> T4 1. 160 16E-10 4.640 65E-10
5 33002 WLPA AN a3 5 2.668 06E-11 1.334 03E-10
6 48660 PR LA P 5 7.897 53E-13 5.528 27E-12
7 48659 S LA i R 9.071 23E-13 5.442 74E-12
8 50727 VRS AAE SN 6.355 05E-14 6.355 05E-13
9 35690 A X 245 4 5 6.653 40E-14 5.988 06E-13
10 1505 it 25396 J5 7K - I 4T 7.077 92E-14 5.662 34E-13
11 35296 GRS 3.539 17E-14 4.247 00E-13
12 97746 1A BRI Y 3.539 17E-14 4.247 00E-13
13 35150 & R SHEAT 3.802 31E-14 4.182 55E-13
14 3018 PEER 255 vp 1 1l A5 3:) 8.063 22E-16 1.048 22E-14
15 8015 LG 4.553 4E-18 6.374 76E-17
16 3013 TR R G 8.729 97E-20 1.309 50E-18

KEGG 1 i & 4 23 #r 2 W1, I 07 40 JHO i At 940 5
(regulation of lipolysis in adipocytes) . VEGF ( VEGF
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KEGG pathway enrichment analysis
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Table 5 KEGG pathway enrichment analysis
e i i S P i ol e
No. KEGG 1D Pathway Gene ratio( % ) P value corre(:teri P value
1 4923 S 20 NS %15 Regulation of lipolysis in adipocytes 5.36 2.46E-03 1. 48E-02
2 4370 VEGF {Z5-i# %% VEGF signaling pathway 5.08 2.86E-03 1.43E02
3 590 ACAE TUISTR R Arachidonic acid metabolism 4.76 3.45E03 1.38E-02
4 5223 /N LA Non-small cell lung cancer 4.55 3.93E-03 1.18E-02
5 5030 "R R E M Cocaine addiction 6.12 1.68E-03 1.17E-02
6 5219 JE e Bladder cancer 7.32 9.96E-04 9.96E-03
7 4657 [ 217 {5558 % 1L-17 signaling pathway 4.26 1.06E-03 9.55E-03
8 5215 Hii 51 [l Prostate cancer 4.12 1. 19E-03 9.55E-03
9 5221 ZUEBER A ILF Acute myeloid leukemia 4.48 4.10E-03 8.21E-03
10 4976 RH 71433 Bile secretion 4.17 5.02E-03 5.02E-03
11 5218 6 229% Melanoma 4.17 5.02E-03 5.02E-03
12 4668 JirRE R B8 B 1528 % TNF signaling pathway 4.46 1.91E-04 2.48E-03
13 4725 JEBEAEZE fih Cholinergic synapse 4.42 1.99E-04 2.39E-03
14 4726 5-F A NEREZ filk Serotonergic synapse 4.35 2. 16E-04 2.38E-03

2.5 HF3E

K HI Autodock Vina S5 3 {44 Wt DL REAE—AE AL
ALY 20 A B3 5300 5 AR I 48 il 4 A%
FEEE 5 PTGS2 ( PDB ID: 5F1A) ( AKT1 ( PDB ID:
4EJN) . VEGFA ( PDB 1ID:4KZN) . TNF ( PDB 1ID;
2AZ5 ) FEAT R HIFAT 43 (A Ry keal/mol ) , AR A
Drugbank #; & 45 %, LI i 41 i & E2 ( CID:
5280360) . fij 41 ¥F £ ( CID: 5282411 ) /g & PTGS2
(PDB ID:5F1A) iy FHAEXT 259, A% % (CID;
36294) Fl|L K (CID:3676 ){E-& AKT1(PDB ID:
AEIN) B FHPEXS IR 254, IR 48 3K (CID :204 ) | 75 3 4i
i ( CID: 16666 ) ¥E % VEGFA ( PDB ID:4KZN) (25

PEXT 2, W s 17T (CID 2267 ) (A H e (CID
134780 ) #E& TNF(PDB 1D :2AZ5 ) ) AP X B 254

HE6 AT, NHEL R BYRE.
20-FFFL G INIR RESL TR MR A XS 4 AN S 2F
DI

DI 03 45 A 3 1 JLAS 8 i, 4T 32
PR—FCAARFH EAE ] 20 B o X DUBEZR B R PTGS2 | DL
B AT AKTL SFFHEUCRBR I VEGFA (BL 2 R IR
TNF (X LT, 25 R B Z R E A 5 /N T
ek 2z () £ B A5\ Pi-Sigma B B Pi-fe LA
LA S) .

®O6 DFIMEER

Table 6 Scores of molecular docking

ey} PTGS2 AKTI VEGFA TNF
Compound (5F1A) (4EJN) (4KZN) (2A75)
1442 2 Peiminine 7.1 -12.1 4.9 9.7
1442 Fl Peimine 8.0 9.7 5.0 9.1
BB R Corosolic acid 6.2 9.9 4.9 -10.0
2a-FH IR 2a-Hydroxyursolic acid 6.4 9.3 4.9 -10.0
RESRLMR Ursolic acid 6.0 9.4 4.9 -10.0
Wit E 3 Quercitrin 5.3 -1, 1 4.6 8.6
L5 Maslinic acid 6.1 8.8 4.8 9.3
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2:5% 6 ( Continued Tab. 6)

& PTGS2 AKT1 VEGFA TNF
Compound (5F1A) (4EJN) (4KZN) (2A75)

B-43 15§ W5 B-Sitosterol 5.5 -11.0 4.2 -8.2
FFEUREZ Oleanolie acid 5.7 -8.0 S.1 9.7
SRR 3-0-8-D-F5 %5 -7-0-a-L- W Brassidin 5.4 -10.2 4.5 -7.4
Mtz 2% Quercetin 5.6 9.4 4.6 7.8
WA H Amygdalin 6.1 8.6 4.6 7.6
1125 f; Kaempferol 5.4 9.1 4.7 7.3
S RZEE Isorhamnetin 5.5 9.2 4.5 7.2
Z Bk HAR Eicosapentaenoic Acid 4.7 -7.3 3.6 6.3
20-¥23E — +RRIUMIR 20-HETE 4.6 7.2 3.3 6.0
t(elrf ) -HIIE LHE9-+ /\BRIA R Elaidic acid isopropyl es- 44 6.4 a5 5.6
W2 £ fiE Ethyl linoleate 4.2 6.5 3.1 5.4
-t & B-Carotene - 8.4 _ 4.0
HA T i Luteoxanthin - -10.0 - 5.9
RIS IR Z E2 Prostaglandin E2 4.8 - - -
RiFIHZE Prostacyclin 5.3 - - _
Z A% Tobramycin - 7.5 - -
FZ 4 Lidocaine - 7.1 - -
JR#EZ Allantoin - - 3.9 -
Zr iR L-Menthol - - 3.8 -
FHLWTTT Azelastine - _ _ 8.6
VL JE e Pomalidomide - - _ 7.0

3 &ig

B2y AL e — LT 2 A,

ARSC A S HE A SCA BN A R B AR 5 24 R
FHREATWIFE o AW SR T 0 28 25 27 1 5 125, %
DUBEE—HEAE AL 1z AR BV LA E AT 1 383,
P IEAT 20 TG PRI AT 42 AR, R DI
SEE 14 2RI B b o MRS —HE S A R 45
O3, W DLREAE S AT AL P 38 2 5 A B 2 A o
AR L F S o, WA B R LA e
KPR AL IR A LU 25 WG RH RS
SFRA AR PR 2GR TR, A LR
I AUE = 2 PR (o R 1) DU R NS

K W DUREAE R B4 2 W 28 B 73 R 4 v i) =
MR T AR WRRF AR
(AT IRAF IR o SRR 20 R R IR
W BT Ik R R AR o AR TR B3 AT % ] — #E
A B[] — 5 T B L A DR G [ 7 AR A T A
A GER I BCALAE S 3R PR L 2 —

M2 v g S5 AR T 5 43 BT, PTGS2 7T LUKt
A6 DU R L AL R R 9 AR 2 H2 (PGH2) , 53 B %
REBIMI Y S AKTL 4 AKT ® R4k 7T LAy 55
R RET ug WURG A, L R R il
MUCSAC 2 i it £ 7 25 9 32 BRG R AR 1,
il VEGF A L1 MUCSAC, 55 I i £8 2 F) 96 SiE
OB IMAE T % TNF-o 55038 4 0 R R
e BT 25w UIAR O i R T R B,
ST AR SO S R O %, R AR
RAE , WAL A DU BR AR A FE-17 {5 5l % b
FEIRAE R {75 S B 5 S T o R A0
4, A0 VEGF {5558 8% . Wi DB fE—AHEA 46
%5 4R 5 PTGS2 \AKT1 \VEGFA \TNF 43+ %}
PSS IR AN AR T 160 46 25 B2 B T, B Heb g
ARSI S R TR 2 AR o R 2 X ) FE 2K
R4y

£ L RTAR Wi UL REAE—ARUAE 26 25 %60 11 0% AL R 19
EEHLEIIET T VEGE 54 Ui 4 £-
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Interaction of proteins and ligands

WA DUREZE B PTGS2 ;B I BEZE 2 f1 AKTL ; C . 5EURFR A1 VEGFA ;D Bl 2 &2 F1 TNF, Note: A ; Peimine and PTGS2 ; B ; Peiminine and
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