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disease 2019, COVID-19) 1L AT 1E ML . R A o RO G- DY A ©AT IS (3] 5 1% (HPLC-Q-TOF-MS) # R
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W AR AT IE I 3% B (B B (protein kinase B1, AKT1). MMl [ 85 [ (serum albumin, ALB)- i % -3- 5 12 Hn & 1
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH). Ifil. & 4 J£ 42 & Kl T A (vascular endothelial growth factor A,
VEGFA). I & & & 1 % 1§ SRC (tyrosine-protein kinase SRC, SRC). & J¥ *E & K F 52 & (epidermal growth factor
receptor, EGFR). 4l g [5] % Bff 4> 7 -1 (intercellular adhesion molecule-1, ICAM1) %% ¢ & 88 5 DL AR A5 5 K -1
(hypoxia inducible factor-1, HIF-1). Ifil & P J 20 Jfg 4= & [ ¥~ (vascular endothelial growth factor, VEGF). it J& 4K 4t
“F (tumor necrosis factor, TNF). H %4 i J&& | Toll £ 52 f& (Toll-like receptors, TLR) i fig Ik WL B -3- 4 g - 25 11 B I B
(phosphatidylinositol-3-kinase-protein kinase B, PI3K-AKT) A1 COVID-19 578 7L 15 5 18 1% B 16 it A1 COVID-19, A
WEFAIL A T BCR AR BT 16 s & COVID-19 dlid JAE S W G5 1 5 LK 25 B A S5 45 AL, s 21 PR AT 7T
PRI . AR ST S S I B 3RAF T BH 249 B K 240 B 2% 5L ikt (SYPU-TIACUC-S2020-12.23-201).
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The mechanism of Isatidis Radix in the prevention of influenza
and COVID-19 by HPLC-Q-TOF-MS combined with network
pharmacology
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tics of Traditional Chinese Medicines, Benxi 117004, China)

Abstract: We identified molecular mechanisms by which Isatidis Radix might prevent or mitigate influenza
and corona virus disease 2019 (COVID-19) based on chemical composition and network pharmacology. High
performance liquid chromatography coupled to tandem quadrupole time-of-flight mass spectrometry (HPLC-Q-
TOF-MS) was used to analyze the components of Isatidis Radix. Seventy compounds were identified, of which 33
prototype compounds entered the blood. Network pharmacological analysis of 41 potential active components
demonstrated that Isatidis Radix can regulate protein kinase B1 (AKT1), serum albumin (ALB), glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), vascular endothelial growth factor A (VEGFA), tyrosine-protein kinase SRC
(SRC), epidermal growth factor receptor (EGFR), intercellular adhesion molecule-1 (ICAM1) and other key genes,
which have preventive effects on influenza and COVID-19 through hypoxia inducible factor-1 (HIF-1), vascular
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endothelial growth factor (VEGF), tumor necrosis factor (TNF), influenza A, Toll-like receptor (TLR), phosphati-
dylinositol-3-kinase-protein kinase B (PI3K-AKT), COVID-19 and other signaling pathways. This study identifies
mechanisms by which Isatidis Radix might act against influenza and COVID-19 that are related to the inflammatory

response, immunomodulation and viral defense, and provides a basis for subsequent clinical research. All animal

experiments were approved by the Ethics Committee of Shenyang Pharmaceutical University (SYPU-IACUC-

S52020-12.23-201).
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Figure 1 Base peak chromatogram of Isatidis Radix in both

positive and negative modes
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Table 1 Identification analysis results of ingredients in Isatidis Radix. a: Confirmed by authentic standards; b: Considered the component

of the sample diluted with methanol; c: Absorptive ingredients in rat plasma

Measured  Error t

No. Compound Formula Ton adduction R Product ions (m/z) In vivo
mass (m/z) /ppm /min
Histidine C,H,N,0, [M+H] 156.076 6 -1.0  1.45 83.060 0, 93.0437, 110.069 9
2 Arginine CH,N,0, [M+H]" 175.1188 -0.9  1.50 60.057 3, 70.066 0, 130.097 5, c
158.092 8
3 Anthranilic acid C,H,NO, [M+H]" 138.0544 -39  1.63 65.0397,78.034 4,92.050 1, c
138.055 2
Proline C,H,NO, [M+H]" 116.0705 -1.0  1.66 70.066 0 c
5 Sucrose C,H,,0, [M-H] 341.1086 -0.9  1.76 89.026 1, 119.036 4, 161.046 4, c
179.056 8
6 Valine C,H NO, [M+H]" 118.0861 -1.0  2.09 55.0565,56.0517,57.059 3, c
72.0820
Cytidine® C,H,N,O, [M+H]" 2440926 -1.0 2.18 95.0244,112.0503 c
8 Adenine® C,H,N, [M+H]' 136.061 1 -5.0 2.32 65.0144,92.023 9, 119.033 6, c
136.059 6
9 Methionine C,H, NO,S [M+H]" 150.0579 -3.0  2.52 56.051 3,104.053 2, 133.031 7 c
10 Nicotinic acid CH,NO, [M+H]" 124.0389 -3.7  2.68 53.0409, 78.034 4,79.042 7, c
80.050 1, 124.039 4
11 Allopurinol CHN,0 [M+H] 137.0452 -43  3.31 110.033 5,119.033 8, 120.018 5,
137.043 3
12 Isoleucine CH,,NO, [M+H]" 132,101 6 -2.6  3.76 69.069 8, 86.095 1
13 Tyrosine C,H, NO, [M+H]" 182.0805 -3.6  3.92 91.0543,119.049 0, 136.075 3, c
147.043 5, 165.054 6
14 Uridine® CH_ N,O, [M+H]" 245.076 5 -14  3.94 70.029 7,96.007 6, 113.034 3 c
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No. Compound Formula Ion adduction Measured - Error tR_ Product ions (m/z) In vivo
mass (m/z) /ppm /min
15 Uracil CHN,O, [M+H]" 113.0342 29  3.94 53.003 2, 70.028 3, 96.006 6, c
113.030 9
16 Leucine CH;NO, [M+H] 132.1014 -39  4.08 86.0970
17 Adenosine® C,H;N,O, [M+H]" 268.1043 0.9  6.32 136.0610 c
18 Hypoxanthine CHN,O [M+H]" 137.0453 -3.3 691 110.0356, 119.035 2, 120.021 6,
137.046 4
19 Guanosine® C,,H;;N,O, [M+H]" 284.0992 0.9  7.06 110.035 3, 135.029 9, 152.056 2
20 Guanine CHN,0 [M+H] 152.056 5 -1.2  7.06 110.034 2, 135.029 1, 152.054 9
21 Matrine C,H,N,0 [M+H]" 249.1962 0.1 7.75 148.111 0 c
22 Phenylalanine C,H, NO, [M+H]" 166.0859 -24  7.97 77.0394,103.054 2, 120.080 3
23 Hexose-phenylalanine C,H,NO, [M-H] 326.1234 3.3  8.94 164.0708,236.091 3
24  4-Pentenamide C,H)NO [M+H]’ 100.0758 0.8  9.05 57.0717,83.052 0, 100.076 0 c
25 (R,S)-Goitrin" C,H,NOS [M+H] 130.0320 -3.8  9.11 60.9759,70.066 3, 77.039 6, c
78.033 7, 103.054 4
26 Dihydroxybenzoic acid glucoside C,H,0, [M-H] 315.0714 -2.3  12.03 109.0305,153.0192
27 Tryptophan C,H ,N,0, [M+H]" 205.0967 -2.3 12.23 118.065 2, 146.060 0, 188.070 6
28 Indole-3-acetonitrile-6-O-f-D- C,HN,O, [M+HCOO] 379.114 0 1.2 13.15 144.0456,171.0559,306.096 2, c
glucopyranoside 333.106 6
29 Indican® C, H NO, [M+H]" 296.1127 -0.5 13.25 106.065 9, 134.060 2, 149.022 7, c
164.092 9
30 Oxindole CH,NO [M+H] 134.0595 -3.7 13.25 77.1391,89.039 0, 91.051 2, c
106.063 6, 116.048 4, 134.057 4
31 cis-Coniferin C,H,,0, [M+Na]" 365.1204 -0.8 14.57 185.041 1,202.058 4, 237.096 3 c
32 2,3-Dihydro-1H-pyrrolo[2,1-c][1,4] C,H,N,O, [M+H]’ 217.0970 -0.7 14.59 74.024 7, 144.080 7 c
benzodiazepine-5,11(10H,11aH)-
dione
33 Isaindigodione CHN,O, [M+H]’ 327.1339 -0.3 14.89 145.076 4,173.071 0,201.102 4 c
34 Benzoic acid C,HO, [M-H] 121.0298 2.7 15.79 92.028 2, 121.030 2
35 Syringin C,H,0, [M+NH,]" 390.1757 -0.4 1595 105.070 2, 133.064 1, 161.059 6,
193.086 0, 211.096 5
36 (E)-2-(2-Oxoindolin-3-ylidene) C,HN,O [M+H]" 171.0548 -2.7 16.84 77.0339,116.049 4 c
acetonitrile
37 3-Indole acetamide C,H,N,0 [M+H]" 175.0859 -3.8 17.03 77.0392,103.053 8, 130.065 0 c
38 Clemastanin B C,H,0, [M+HCOO] 729.261 4 1.8 17.76 329.1375,359.148 1, 521.199 5
39 2-Hydroxy-1,4-benzenedicarboxylic ~ C,H.O, [M-H] 181.0142 -0.4 19.64 93.0362 c
acid
40 Lariciresinol-4-O-f-D- C,H,,0, [M+HCOO] 5672068 -0.7 20.16 329.1372,359.470 0, 521.200 0
glucopyranoside
41 1-Methoxyindole-3-acetamide C,H,N,0, [M+H]' 205.0969 -3.7 20.23 130.0652,160.075 1, 188.071 6 c
42 Deoxyvasicinone C,H,N,O [M+H] 187.0862 -2.2 20.33 77.0389, 115.053 2, 146.059 4 c
43 Lariciresinol-4'-O-f-D- C,H,,0, [M+HCOO] 5672067 -1.0 20.83 329.1370, 359.148 2, 521.199 8
glucopyranoside
44  Matairesinol-4-O-D-glucopyranoside ~ C,H,,0,, [M+NH,]" 538.2277 -1.0 20.85 137.0594,311.129 4,359.152 8,
503.190 3
45 Ferulic acid C,H,0, [M+H]" 195.0522 0.2 2093 89.0389,117.033 4, 145.028 0,
177.055 6
46 Indole-3-carbaldehyde® C,H,NO [M+H]" 146.0597 -2.1 21.07 54.0397,91.054 2, 117.057 2, c
118.065 9
47 4-Hydroxyindole-3-carbaldehyde C,H,NO, [M+H]" 162.0542 -4.9 21.14 89.0404, 116.049 3, 144.048 2 c
48 Conicaoside C,H,0, [M+Na]" 5752094 -0.8 21.33 413.1578
49 Isolariciresinol C,,H,,0 [M+HCOO] 405.1543 -0.3 21.37 313.1059, 344.125 2, 359.146 9
50 Pinoresinol glycoside C,H,,0,, [M-H] 519.186 0 -2.3 21.77 151.038 1,357.1325,519.184 5
51 Isovitexin C,H, 0, [M+H]" 433.1126 0.7 22.47 313.069 9, 337.069 7, 349.071 4,
379.081 6, 397.092 1,415.105 7
52 3-(2'-Carboxyphenyl)-4(3H)- C,H,N,0, [M+H]" 267.0764 0 22.64 120.044 0, 146.023 2, 239.080 9, c
quinazolinone 249.066 7
53 Salicylic acid* C,H,O, [M+H]" 139.038 7 -2.1 22.87 65.0421,79.021 8, 93.037 3, c

121.028 8, 130.066 7
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Continued
No. Compound Formula Ion adduction Measured — Error t“_ Product ions (m/z) In vivo
mass (m/z) /ppm /min
54 Indole-3-acetonitrile-2-S--D- C HNOS [M+H] 349.0851 -3.7 2292 160.022 0, 187.032 6 c
glucopyranoside
55 3-Indoleacetonitrile® C,HgN, [M+H]" 157.0757 -1.8 23.15 77.0397,103.054 9, 117.057 5,
130.065 3
56 3-(2'-Hydroxyphenyl)-4(3H)- C,H N0, [M+H]' 239.0813 0.7 24.20 120.044 1,132.044 7,211.088 7
quinazolinone
57 Indole-3-acetonitrile-4-methoxy-2-S-  CH,N,0,S  [M+H]" 398.1370 2.7 24.46 171.0548,179.039 8, 186.078 6,
f-D-glucopyranoside 219.059 0
58 N-Methoxy-indole-3-acetonitrile-2- C,H,N,0S  [M+H]' 398.1375 -1.4 24.68 128.0492,161.029 1, 188.039 9,
S-p-D-glucopyranoside 187.032 2,219.058 6
59 1-Methoxyindole-3-carboxaldehyde ~ C,HNO, [M+H]" 176.070 2 -2.1 25.63 89.039 7, 104.050 3, 117.057 7, c
133.052 4, 144.044 5, 161.047 0
60 Tryptanthrin C, HN.0, [M+H] 249.0655 -1.5 28.80 130.029 2,221.070 9
61 9(S),12(8),13(R)-Trihydroxy-10(E), C,H,,0 [M-H] 3272161 -5.0 29.79 171.1025,211.133 5,221.116 8,
15(Z)-octadecadienoic acid 291.195 4
62 Panaquinquecol 1 C,H,0, [M+H]" 2932108 -1.0 29.93 91.054 4, 105.069 9, 107.086 6,
133.101 2, 147.116 5, 275.201 5
63 9(S),10(S),11(R)-Trihydroxy-12(Z), C,H,,0q [M-H] 327216 1 -49 29.95 183.1377,211.1324,229.142 7,
15(Z)-octadecadienoic acid 291.194 4
64 9,12,13-Trihydroxy-10(E)- C,H,,0 [M-H] 329.2320 -4.1 30.68 211.1325,229.143 6,311.2206
octadecadienoic acid
65 Indirubin™® C,H,N,0, [M+H]" 263.0812 -1.3 31.19 132.043 6, 190.066 6,206.081 1,
219.090 1, 235.088 5, 245.163 4
66 UNPD49053 C,,H,,0, [M+H]" 4152111 -0.9 32.41 91.0547,119.084 1, 135.079 3
67 Indigo™ C,HN,0, [M+H]" 263.0810 -2.0 32.99 165.070 2, 190.064 7,219.091 9,
235.088 4, 245.164 5
68 LysoPC(18:3(62,92,127)) C,H,NO.P [M+H]" 518.3221 -39 37.67 104.106 8, 146.981 6,313.274 1,
459.248 4
69 LysoPC(16:0) C,,H,NO.P [M+H]" 496.3388 -2.0 37.67 104.107 1, 184.073 6,313.275 5,
360.322 1,478.330 3
70 Bis(2-ethylhexyl) phthalate C,H,0, [M+H] 391.2842 -0.2 40.57 71.0854,121.028 6, 149.022 6
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Figure 3 The “component-target” network of Isatidis Radix-influenza (A) and Isatidis Radix-COVID-19 (B). Green hexagon: Active com-

ponents; Purple circle: Disease-related targets
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Influenza-related (A) and COVID-19-related (B) PPI network regulated by Isatidis Radix based on analysis of string database.

AKT1: Protein kinase B1; ALB: Serum albumin; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; VEGFA: Vascular endothelial

growth factor A; SRC: Tyrosine-protein kinase SRC; EGFR: Epidermal growth factor receptor; ICAM1: Intercellular adhesion molecule-1
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Figure 5 GO enrichment analysis of influenza-related target proteins (A) and COVID-19-related target proteins (B). GO: Gene ontology;

BP: Biological process; CC: Cellular component; MF: Molecular function
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Figure 6 KEGG enrichment analysis of influenza-related target proteins (A) and COVID-19-related target proteins (B). KEGG: Kyoto en-

cyclopedia of genes and genomes

Table 2 Molecular docking results for components and targets of Isatidis Radix in the prevention of influenza

Binding
Target PDB ID Compound Polar bonding energy
/kcal-mol
AKTI1 4GV1 0XZ(Capivasertib) ALA230, GLU234, GLU278, GLU228 -
Tryptanthrin ALA230, GLU228, THR211 -7.25
Isaindigodione THR160, PHE161, LYS158 -6.22
Indole-3-acetonitrile-6-O-f-D-glucopyranoside GLU234, LYS158, ASP292 -6.20
1-Methoxyindole-3-acetamide ALA230, GLU234, THR291 -6.07
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione ALA230, GLU228 -5.98
ALB 7QFE 4TX(Gemfibrozil) SER489, TYR411 -
Tryptanthrin LYS414, PHE488 —-8.48
Isaindigodione TYR411,LYS414, ARG410 -9.2
Indole-3-acetonitrile-6-O-f-D-glucopyranoside TYR411 -6.89
1-Methoxyindole-3-acetamide LYS414 -6.69
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione  — ~7.47
GAPDH 6M61 F4F THR211, GLY212, CYS152 -
Tryptanthrin ALA183, ASN316 =7.63
Isaindigodione CYS152, ARG234, THR182, THR184 -6.91
Indole-3-acetonitrile-6-O-f-D-glucopyranoside THR211, ALA150, ASN316, ARG234 -5.18
1-Methoxyindole-3-acetamide CYS152,ALA150, ASN316, SER122 -5.96
2,3-Dihydro-1H-pyrrolo[2,1-¢][1,4]benzodiazepine-5,11(10H,11aH)-dione  ASN316 -5.88
VEGFA 1MKK Tryptanthrin CYS60 -7.16
Isaindigodione CYS60, CYS26, SER50 -7.22
Indole-3-acetonitrile-6-O-f-D-glucopyranoside SERS50, PHE47, TYR45, ASP34, -6.3
ILE35, PHE36
1-Methoxyindole-3-acetamide CYS60, CYS26, SER50 -5.99
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione  CYS60 -6.73
SRC 2QXW LDT(IDD 594) TYR48, HIS110, TRP111 -
Tryptanthrin TYR309 -9.01
Isaindigodione - -9.35
Indole-3-acetonitrile-6-O-f-D-glucopyranoside TRP111, THR113 -8.06
1-Methoxyindole-3-acetamide TRP111 =7.46

2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione -~ -8.61
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Table 3 Molecular docking results for components and targets of Isatidis Radix in the prevention of COVID-19.

Binding
Target PDB ID Compound Polar bonding energy
/kcal-mol
ALB 7QFE  4TX(Gemfibrozil) SER489, TYR411 -
Tryptanthrin LYS414, PHE488 -8.48
Deoxyvasicinone PHEA488, LYS414 ~-6.86
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione - -7.47
1-Methoxyindole-3-acetamide LYS414 ~-6.69
1-Methoxyindole-3-carboxaldehyde PHEA488, LYS414 -5.72
AKTI 4GV1 0XZ(Capivasertib) ALA230, GLU234, GLU278, GLU228 -
Tryptanthrin ALA230, GLU228, THR211 -7.25
Deoxyvasicinone ALA230 -5.61
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione ALA230, GLU228 -5.98
1-Methoxyindole-3-acetamide ALA230, GLU234, THR291 -6.07
1-Methoxyindole-3-carboxaldehyde ALA230 -4.99
VEGFA IMKK Tryptanthrin CYS60 -7.16
Deoxyvasicinone CYS60, SER24 -6.27
2,3-Dihydro-1H-pyrrolo[2,1-¢][1,4]benzodiazepine-5,11(10H,11aH)-dione CYS60 -6.73
1-Methoxyindole-3-acetamide CYS60, CYS26, SER50 -5.99
1-Methoxyindole-3-carboxaldehyde SERS50 -5.22
EGFR  6J6M BAO GLU475, MET477, THR474 -
Tryptanthrin MET477, THR474, LYS430 -6.9
Deoxyvasicinone SERS538 -6.17
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione THR474 -6.81
1-Methoxyindole-3-acetamide GLU475, MET477, THR474, LYS430 -6.27
1-Methoxyindole-3-carboxaldehyde THR474, LYS430 -5.06
ICAM1 3BQN BOQN LYS305, TYR166 -
Tryptanthrin LYS305 -7.31
Deoxyvasicinone - -5.83
2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione - -6.27
1-Methoxyindole-3-acetamide GLU284, LYS305 -5.94
1-Methoxyindole-3-carboxaldehyde LYS305 -5.49
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