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Abstract: Objective To explore the potential mechanism of Lonicerae Japonicae Flos against COVID-19 by combining the
chemical composition of Lonicerae Japonicae Flos with network pharmacology study. Methods The chemical constituents of
Lonicerae Japonicae Flos were qualitatively analyzed by UPLC-Q-Exactive/MS. The chemical constituents of Lonicerae Japonicae
Flos were identified according to the peak retention time, exact molecular mass, characteristic fragment ions, and related literature
data. The targets of constituents were obtained by SWISS Target Prediction database, the disease targets of COVID-19 were obtained
by GeneCard and OMIM database, the common pharmacodynamic targets of Lonicerae Japonicae Flos and COVID-19 were
obtained by Venny 2.1.0, and the "constituent-target" network was constructed by Cytoscape 3.7.2 software. The protein-protein
interaction (PPI) network was constructed by STRING database, and the GO analysis and KEGG analysis were performed on the
targets. The molecular docking technology was used to verify the binding ability of core targets and corresponding constituents. The
potential mechanism of chlorogenic acid in Lonicerae Japonicae Flos against COVID-19 was verified by in vitro antiviral test.
Results A total of 77 chemical constituents were identified from Lonicerae Japonicae Flos in vitro. Caffeic acid, adenosine,
chrysoeriol 5-methyl ether, apigenin and ferulic acid, may be the active components of Lonicerae Japonicae Flos against COVID-
19. Epidermal growth factor receptor (EGFR) and interleukin-2 (IL2) were the key targets, involving hypoxia inducible factor-1
(HIF-1) signaling pathway, phosphatidylinositol 3-kinase-protein kinase B (PI3K-AKT) signaling pathway. Further molecular
docking results showed that the five key active components of Lonicerae Japonicae Flos and the two core targets of the disease had
good binding activity, and the binding energy values were less than —20.9 kJ'mol™". At the same time, chlorogenic acid, the main effective
component of Lonicerae Japonicae Flos, had good in vitro inhibitory activity against 3CLpro [IC,, was (106.40 + 0.71) pmol-L™'].
Conclusions Lonicerae Japonicae Flos may inhibit COVID-19 through multiple targets such as EGFR, IL2 and 3CLpro, which can
provide a valuable basis for further research on the mechanism of Lonicerae Japonicae Flos against COVID-19.

Key words: Lonicerae Japonicae Flos; COVID-19; network pharmacology; molecular docking; 3CLpro; chlorogenic acid; caffeic

acid; apigenin
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Fig.1 Mass spectrum of crude extract of Lonicerae Japonicae Flos
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1 ERBHERYUEZHSEEER
Table 1 Identification results of chemical components in crude extract of Lonicerae Japonicae Flos
At D%y = mlz  RECK1070) B MR 222 Sk
1 R CH.N,0, 17511880 -0.869 M+H 175.118 80.151.035 16.128.01930. 18
(arginine) 116.070 84.70.065 84
2 FEBE C,H,0,, 341.108 49 1912  M—H 341.108 49.179.054 84.119.033 33. 19
(sucrose) 89.022 67.71.012 12
3 TN C,H,;NO, 118.086 46 1.735 M+H  118.086 46.102.055 70.87.044 57. 18
(valine) 71.069 31.59.073 78
4 TR C,H,0, 191.05504  0.133 ~ M—H 191.05504.173.007 84.154.996 77. 19
(quinic acid) 127.038 41.111.007 14
5 SR CHN,Op 243.06218 4186  M—H 243.062 18.200.055 53.152.033 89, 19
(uridine) 128.033 72.110.023 12
6 Tk R C,H,NO, 182.08105 -0.658 M+H 182.081 05.165.054 57.136.075 64. 19
(tyrosine) 123.044 17.91.054 68
7 INRIR C,H,NO;  120.065 52 0.002 M+H  120.065 52.91.054 73.74.060 73 18
(threonine) 65.039 28.56.050 33
8 fiptE CH;;N;O, 268.10287 -4.328 M+H 268.102 87.213.212 11.136.061 72. 18
(adenosine) 115.039 09.87.044 76
9 AR CH;NO, 132.10188 -0.919 M+H  132.101 88.87.100 30.86.096 98 18
(leucine) 69.070 63.57.058 22
10 N CH;NO, 130.08582 -3.345 M—H 130.08582.115.919 12.101.022 77. 19
(isoleucine) 85.027 80.71.012 21
11 8- kIR CiH,0, 375.128 63 0.151 M—H 375.128 63.213.076 11.151.075 06, 20
(8-epimaric acid) 125.059 25.89.022 73
12 RS R R CisHyOp 395.09848  3.055  M—H 395.098 48.297.060 27.197.044 62. 19
(acetyl chlorogenic acid) 153.054 41.88.986 38
13 JR LA IR CHO, 153.01790 -2.190 M—H 153.01790.136.014 54.125.548 81. 19
(protocatechuic acid) 109.027 85.91.016 89
14 LERH IR CH,0, 375.12939  2.177  M—H 375.12939.337.056 58.213.076 14. 19
(loganic acid) 169.085 80.89.022 74
15 WSk 4eme P e CHu0, 387.12823 -0.887 M—H 387.12823.341.108 61.179.05490. 20
(vogeloside) 119.033 39.89.022 71
16 xR IR CHi0, 353.08762 2581  M—H 353.08762.292.762 70.191.055 08. 20
(chlorogenic acid) 135.043 37.85.027 95
17 ok IR CiHis0,  353.087 55 2383  M—H 353.087 55.191.055 07.127.038 63. 18
(neochlorogenic acid) 85.027 63.61.919 09
18 (S CHi0, 353.08759 2497  M—H 353.08759.317.658 94.191.055 10, 18
(cryptochlorogenic acid) 161.023 24.85.027 58
19 W e 2 7 CiHis0,  353.087 71 2.836  M—H 353.08771.191.05507.161.022 87. 19
(caffeyl quinic acid) 135.043 21.85.027 85
20 B T CiHp0, 37311374 2189  M—H 373.113 74.193.049 64.149.05939. 19
(swertiamarin) 97.027 84.69.032 88
21 W7 Ey % R C,H,,0,, 373.113 77 2269  M—H 373.11377.193.049 70.149.059 43, 19
(secologanic acid) 119.033 41.97.027 85
22 6-PRIRE I - D7 % CisHi0; 309.09799  3.593  M—H 309.097 99.253.918 43.179.033 75. 21

(6-O-cinnamoyl-D-

glucopyranose)

161.023 16.135.043 75
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A= By 71 mlz  ARECX 1070 BT TR T 2R
23 Wi e CHO, 179.03386  -0.141 M—H 179.033 86.135.043 69.121.028 02. 19
(caffeic acid) 101.022 62.89.022 71
24 VY 2T T I 3 A C,H,0,, 389.108 95 2858 M—H 389.108 95.345.119 08.165.05438. 19

(secologanoside) 121.064 32.89.022 71
25 X BB TR CHsO5  337.092 80 2.985 M—H 337.09280.191.05507.173.04431. 19
(p-coumarinyl quinic acid) 145.027 95.93.032 88
26 7-O- R 525 CisHy0y  401.145 57 3357 M—H 401.14557.269.102 91.161.044 19, 19
(7-O-ethyl swertidine) 113.022 77.101.022 73
27 WP P9 5 L C,H,Os 335.077 39 3.719  M—H 335.077 39.179.034 03.161.023 10, 19
(caffeioyl shikimic acid) 135.043 69.93.032 82
28 Wi SR CH,0, 357.119 02 2832  M—H 357.119 02.195.065 26.151.074 94. 19
(sweroside) 125.022 84.81.032 84
29 i 0 Pt 2% 7 R C;H,,0, 367.103 15 2.156 M—H 367.10315.191.055 11.173.044 37. 19
(feruloyl quinic acid) 111.043 56.93.032 92
30 SRR A CysHp,0,, 515.118 59 0364 M—H 515.118 59.323.056 12.191.055 13, 18
(isochlorogenic acid A) 173.044 36.93.032 95
31 TR AT C,;H,,0,, 387.12766  -2359 M—H 387.127 66.341.108 58.155.033 57. 19
(secologanin) 111.043 51.89.022 70
32 SRR B CysHp,0,, 515.119 32 1.781  M—H 515.11932.323.056 12.191.05507. 18
(isochlorogenic acid B) 128.033 74.89.022 63
33 3-O-WMERELE 7 R H C,;H,0, 367.103 06 1911 M—H 367.10306.179.033 80.161.023 04, 20
(3-0O-caffeoyl quinic acid 135.043 62.85.027 88
methyl ester)
34 L H (morroniside) CHyxO, 40513901  -0316 M—H 405.13901.179.054 89.101.022 74, 19
89.022 68.71.012 12
35 SR C,H,0, 403.124 15 1.642 M—H 403.124 15.371.098 11.223.06049. 19
(secoxyloganin) 121.027 91.89.022 71
36 SRR C CysH,0,, 515.118 96 1.082 M—H 515.118 96.353.087 59.191.05505. 18
(isochlorogenic acid C) 173.044 30.161.023 07
37 SR A C,H,0,, 463.088 23 2435 M—H 463.08823.343.04575.301.035 19, 18
(isoquercitrin) 151.002 24.61.986 69
38 THEUOBEFEEE AR CH,O,  417.140 08 2258 M—H 417.140 08.341.124 02.179.070 05. 19
¥ (dimethyl secologanoside 7- 109.027 86.101.022 74
methyl ester)
39 244 (lonicerin) CyH;0,5 593.151 12 1.726  M—H 593.151 12.447.096 37.285.04037. 20
191.055 13.101.022 29
40 P51 (astragalin) C,Hy0,,  447.09314 2130  M—H 447.093 14.285.040 28.227.887 53, 18
173.044 01.88.986 31
41 L 251 -3-0- 2575 Bl CyHy015 593.151 06 1.624 M—H 593.151 06.447.092 80.285.040 13. 19
(kaempferol-3-O-rutinoside) 191.054 96.88.985 96
42 3, 4-"HEERNERZET CH,0, 381.119 60 4176  M—H 381.119 60.345.155 36.283.288 27. 19
I (3 ,4-dimethoxy cinnamoyl 161.043 84.101.022 82
quinic acid)
43 7T (rutin) CyH;0,  609.146 00 1.623  M—H 609.146 00.300.027 56.271.02490. 19

151.002 47.84.639 18
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F=1 (&8
5 By 77X miz  WEX 1070 BT TR T 3k
44 4 22 ¥k (hyperoside) CyH,0,, 463.08829 2565 M—H 463.08829.300.027 50.271.024 11. 19
178.997 60.151.002 41
45 % T H A(brucin A) Cy;H,,0,, 743.240 60 1742 M—H 743.240 60.511.145 45.203.034 15. 19
101.022 77.89.022 72
46 FF - I v P T C,;Hy0,; 561.15875  -2.704 M+H 561.158 75.453.100 07.317.084 20. 19
(3-O-caffeoyl-4-O- 249.051 74.60.081 59
sinapoylquinic acid)
47 XA SR O R R CysH,0p 499.12488 2789  M—H 499.124 88.337.092 83.173.04428. 19
(1-p-coumaroyl-3- 163.038 73.119.048 61
caffeoylquinic acid)
48 ki 1 2 ( ferulic acid) CioH,0, 193.049 61 0387  M—H 193.049 61.161.023 07.137.02292. 19
121.027 50.93.032 88
49 $F R (rhoifolin) C,H;,0,, 577.15576 1.002  M—H 577.15576.353.087 28.269.045 41. 19
191.055 16.118.996 82
50 HHER-T-O- 2= F W CyH;0,, 577.15576 1.002  M—H 577.15576.353.087 28.269.045 41. 20
(apigenin-7-O-rutinoside) 191.055 16.118.996 82
51 ] 20 P e T R CyHy0p,  529.134 64 1.110 ~ M—H 529.134 64.367.103 00.191.055 07. 19
(3-feruloyl-4-caffeoylquinic 179.033 75.161.023 03
acid)
52 EXWRT-O-FEMT C,H,0, 461.10876  2.000 M—H 461.108 76.446.085 24.283.024 66. 19
(chrysoeriol 7-O-glucoside) 122.023 28.89.022 77
53 CED - W sl CyH,0p  757.255 74 1.036  M—H 757.25574.595.203 49.525.161 07. 20
[ (E)-aldosecologanin ] 179.054 98.89.022 72
54 4-FRHE R R CHO, 137.02293 -2.850 M—H 137.022 93.94.036 23.93.032 90. 19
(4-hydroxybenzoic acid) 84.843 34.74.718 48
55 &XEE-T-O-HEEPEET  CH,0,5 607.166 93 19499  M—H 607.166 93.401.084 50.299.05591. 20
(chrysoeriol 7- 284.03229.173.044 42
neohesperidoside)
56 WAL C,HO, 149.059 71 0.026 M+H 149.059 71.121.064 99.103.054 57. 19
(cinnamic acid) 93.070 40.67.055 03
57 (- W e R Cy,H, 0,0 75725562 0.878  M—H 757.25562.525.161 07.179.05498. 19
(centauroside) 101.022 78.89.022 73
58 PN CyH,0,  447.093 02 1.861  M—H 447.093 02.284.032 53.255.02942. 19
(luteoloside) 227.034 01.151.002 44
59 ARBRHEER-7-O-ZEFHHE C,;H;0,5 593.151 25 1.945 M—H 593.151 25.285.040 10.204.065 81. 20
(luteolin-7-O-rutinoside) 172.039 17.88.985 98
60 RRERI-O-WMEMYE  CpH,0, 477.10358 1.735 M—H 477.103 58.314.043 30.271.024 57. 20
(isorhamnetin-3-0O-glucoside) 197.044 62.151.002 38
61 RRHE2F 421 B C,H,0,, 475.12491 2993  M—H 475.12491.460.100 34.313.071 81. 19
(viscoside B) 298.047 94.88.986 21
62 tri- WP A 2 e R CyHyOps 67714954  -0.822  M—H 677.149 54.515.119 20.353.087 74. 19
(tri-caffeoyl quinic acid) 191.055 11.173.044 36
63 T mEZE TR CH,,0,, 397.11322 0.747  M—H 397.11322.173.044 28.152.010 09, 19
(sinapsyl quinic acid) 108.019 94.61.986 66
64 Wi YA R CisHyO, 263.12866 3323  M—H 263.128 66.219.138 34.152.08292. 21

(abscisic acid)

139.075 04.111.043 53
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75 % 77X miz  WEX 1070 BT TS T 5 3k
65 Oin e 2 T C,H,0, 207.06551  1.568 M—H 207.06551.179.033 81.161.023 12, 19
(caffeic ethyl ester) 135.043 66.101.022 65
66 2 CisH, 05 285.04041  3.668 M—H 285.040 41.241.049 68.175.038 59, 18
(kaempferol) 133.027 82.76.138 38
67 PN CisH, 05 285.04041  3.668 M—H 285.040 41.241.049 39.199.038 93, 19
(luteolin) 151.002 40.80.839 42
68 8-Fa¥E-2,6-HIFE 2% CH,O, 18511732  0.535 M—H 185.117 32.166.557 95.141.090 65, 21
(8-hydroxy-2, 6-dimethyl-2- 117.017 79.99.007 19
octenoic acid)
69 R Y B Curceolide) C,H,,0,, 461.20239 1413 M—H 461.20239.415.233 37.347.171 08, 21
185.117 43.113.022 75
70 HER-T-O-HEMHTE  CuyH,O0, 49111871  0.626 M—H 491.118 71.329.066 59.314.043 18. 19
(tricin 7-glucoside) 149.044 05.89.022 71
71 54, 7- T HEELEEE] C,H,0s 297.07642  2.255 M—H 297.076 42.236.164 61.191.033 97. 19
(5-hydroxy-4', 7-dimethoxy 102.955 02.61.986 42
flavone)
72 6-$HE-2,6- " HH-2,7-+ )\ CoH,O, 183.10167  0.542 M—H 183.101 67.139.111 40.101.022 67. 21
% (2, 6-dimethyl-6- 89.022 61.71.012 26
hydroxy-2, 7-octadienoic
acid)
73 HFFAR CeH,0s  299.056 03 3.396 M—H 299.056 03.256.036 74.169.085 75. 18
(diosmetin) 143.069 95.59.012 13
74 I-HEBEARBERE R CH,0s 299.05594  3.095 M—H 299.05594.284.032 56.256.036 83. 19
(3-methoxy luteolin) 180.101 10.120.976 14
75 53T HEMAKRER CH,0, 313.07153  2.765 M—H 313.071 53.271.061 00.253.050 20, 19
(chrysoeriol 5-methyl ether) 153.090 53.97.119 11
76 AT T CyHyO, 47134784  2.023 M—H 471.347 84.374.396 33.205.953 17. 19
(hederagenin) 129.974 12.92.926 32
77 S CisH, 05  269.04565  4.461 M—H 269.045 65.179.055 28.113.02293. 19
(apigenin) 89.022 73.71.012 26
2O AT, T OB, SR WA LR RULE PP Y 2% 1 (1)
HoA7 B EE 2 Hor, #4420 95 A9 GAPDH.
TNF. AKT1. ALB. IL6. VEGFA. EGFR. SRC.
HSP90AA1. CASP3. CTNNBI1. STAT3. TLR4.
P . AT ERBB2. MAPKI1. IL2. AR. PPARA. BCL2LI1.
HSPAS,
3.5 MR -EE AL E
H4 9 126 H 1 20 > G 4R AE T COVID-19 1) 2 34
B RURTORT I S 70 A6 2 b 4 - B 7 DX 8 ] e
59 AN 5 (39 AN R AT 20 ANHE D L AS ] 6 1
i covID-19 A4 B R MR A IR 2 % 2 1
2 £47E-COVID-19 815 Venn MEAEH, K 4. PR R, 53 S P& RIEEIT

Fig. 2 Venn diagram of Lonicerae Japonicae Flos-

COVID-19 targets
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B3 £$RIEIATT COVID-19 48 S PP 4
Fig.3 PPI network of COVID-19 efficacy targets of Lonicerae Japonicae Flos
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Fig. 4 “Component-target” network of Lonicerae Japonicae Flos -COVID-19
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Fig. 5 GO enrichment analysis of COVID-19-related target proteins
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HIF-1 signaling pathway
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EEAS

6 COVID-19HX#BEAKIKEGG BEN
Fig. 6 KEGG enrichment analysis of COVID-19-related target proteins

R2 SIRWTB COVID-19 HIK H FNEE & 55 FIHELE R
Table 2 Molecular docking results for components and targets of Lonicerae Japonicae Flos in prevention of COVID-19
#Es FERPDBID D% AHXS 731 i B 454 BE/ (kT -mol™)
EGFR 6DUK WIHEFR (caffeic acid) 180.16 -25.08
Ji## (adenosine) 267.24 -27.17
5,3"- - HUAH AR B B 2K (chrysoeriol 5-methyl ether) 314.29 -33.86
-3 3 (apigenin) 270.24 -34.28
Bl 182 (ferulic acid) 194.18 -26.33
L2 ITIB Wk R C caffeic acid) 180.16 -19.23
7+ (adenosine) 267.24 -19.65
5,3'- " F A FE K B B2 (chrysoeriol 5-methyl ether) 314.29 -25.50
J13 % (apigenin) 270.24 -24.24
B 24 R (ferulic acid) 194.18 -23.41

FRLFE 30 DL AT 7 Wk A1 g B 4 Xof R 25, ¢ o 1 %o
3CLpro K 1C, (106.40 £ 0.7 Dumol-L™", MIMEERF] 1C,,
N (189.60+16.12) pmolL™, A B & # [ IC,
A (189.60+16.12) pmol-L', 7 T [ IC,
N (211.8043.32) wmol-L™, % o 2% ¥ # & B A xt
3CLpro LA ilvE Y . H o 4% S B % 3CLpro (141 il
W VEBAF . %% 4T 5 3CLpro 7 & - 4 i K 2k
LE 8,
4 it

AT 7T M]3 1] SARS-CoV-2 % B /F 5 H

FEANH9 55 3CLpro 1F H 2 77 T H 4, [t B & R AL 410
il COVID-19 (1) 25 24 Jia F it 5 7 AL o d i
28 25 P 2 )W T AT T 4 R AR 1R 9T COVID-19
TETE (1035 1 B2 DG B B L A FH WL 1) B AH 5 T8 i
I3 3 73 7 K2 AT 3CLpro F 35 1 0 52 3k — A5 4iE B
EHRAEXT COVID-19 B A ELERIEITER

SR BT R B DA PUR B 1R Y T
43 43 B AL g, AR R B, Horp
1) luteolin FH 4x HR A6 7K $2 7 Be 0% 040 35 O FE R0 25 15
51 RAW264.7 41 i (1) 98 F , Be % 3@ 1 #] JAK /4%
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Fig. 7 Molecular docking diagram of interaction between

&7

receptor and core component of Lonicerae Japonicae Flos
treating COVID-19
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Table 3 Average ICs, of 3CLpro of effective components
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