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Abstract: Compound Yizhihao, consists of Radix isatidis, Folium isatidis, Artemisia rupestris, has a
significant therapeutic effect on the treatment of influenza and fever. However, the mechanism of its action is
still unclear. In this investigation, we collected the key target molecule of influenza disease and the chemical
constituents of Compound Yizhihao, and developed Naive Bayesian classification models based on the input
molecular fingerprints and molecule descriptors. The built models were further applied to construct classifiers
for predicting the effective constituents. We used the professional network-building software to build the
constituent-target network and target-pathway network, which revealed the network pharmacology of the
effective constituents in Compound Yizhihao. It will contribute to the further research of mechanism of
Compound Yizhihao.
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Table 1 Influenza related drug targets and their classification
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Figure 1 The drug targets and the number of their active
compounds
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ID Influenza related drug target Abbreviation Classification of targets
1 Neuraminidase NA Protein of influenza virus
2 Viral RNA-directed RNA polymerase RNA pol Protein of influenza virus
3 Polymerase acidic protein PA Protein of influenza virus
4 Reverse transcriptase RT Protein of influenza virus
5 Tumor necrosis factor alpha TNF-a Immune-related target
6 NF-«B NF-«B Immune-related target
7 Corticosteroid 11-beta-dehydrogenase, isozyme 1 HSDI1BI Immune-related target
8 Lysosomal alpha-glucosidase Lysa-glu Immune-related target
9 Inosine-5'-monophosphate dehydrogenase IMPDH Immune-related target

10 Cdc-like kinase 1 CLK1 Host protein

11 Cdc-like kinase 4 CLK4 Host protein

12 Interferon-induced, double-stranded RNA-activated protein kinase IFN-dsRNA-APK Immune-related target

13 Interleukin-1 beta-converting enzyme IL-15-CE Immune-related target

14 Interleukin-1 receptor-associated kinase 1 IL-1 RAK1 Immune-related target

15 Interleukin-1 receptor-associated kinase 3 IL-1 RAK3 Immune-related target

16 Interleukin-8 receptor alpha IL-8 Ra Immune-related target

17 Interleukin-8 receptors, cxcrl/cxer2 CXCRI1/CXCR2 Immune-related target

18 Toll-like receptor 4 TLR4 Immune-related target
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Table 2 The performance of the training set by 5-fold cross-validation.

TP: True positive; FN: False negative; FP: False positive; TN:

True negative; SE: Sensitivity; SP: Specificity; Q: The overall prediction accuracy; MCC: Matthews correlation coefficient; AUC: The

area under the receiver operating characteristic curve

Target TP FN FP TN SE SP Q MCC AUC
NA 276 0 1 827 1.000 0.999 0.999 0.998 1.000
RNA pol 179 0 1 536 1.000 0.998 0.999 0.996 0.996
PA 106 1 0 321 0.991 1.000 0.998 0.994 1.000
RT 172 0 2 514 1.000 0.996 0.997 0.992 0.996
TNF-a 861 17 52 2582 0.981 0.980 0.980 0.949 0.981
NF-«B 833 15 65 2479 0.982 0.974 0.976 0.939 0.989
HSDI1BI1 2210 44 18 6743 0.980 0.997 0.993 0.982 0.995
Lysa-glu 88 0 2 262 1.000 0.992 0.994 0.985 0.998
IMPDH 166 4 0 510 0.976 1.000 0.994 0.984 0.999
CLK1 261 4 5 790 0.985 0.994 0.992 0.977 0.995
CLK4 182 2 8 544 0.989 0.986 0.986 0.964 0.992
IFN-RNA- PK 125 2 1 380 0.984 0.997 0.994 0.984 0.993
IL-15-CE 654 12 11 1987 0.982 0.994 0.991 0.977 0.996
IL-1 RAK1 74 0 2 220 1.000 0.991 0.993 0.982 0.994
IL-1 RAK3 62 0 1 185 1.000 0.995 0.996 0.989 0.998
IL-8 Ra 201 2 1 608 0.990 0.998 0.996 0.990 0.994
CXCRI1/CXCR2 653 1 3 1959 0.998 0.998 0.998 0.996 1.000
TLR4 46 0 0 138 1.000 1.000 1.000 1.000 1.000

Table 3 The performance of the test set by 5-fold cross-validation

Target TP FN FP TN SE SP Q MCC AUC
NA 91 1 1 275 0.989 0.996 0.995 0.986 0.999
RNA pol 59 0 1 176 1.000 0.994 0.996 0.989 1.000
PA 34 2 0 108 0.944 1.000 0.986 0.963 0.991
RT 54 3 164 0.947 0.959 0.956 0.887 0.993
TNF-a 276 17 59 820 0.942 0.933 0.935 0.838 0.988
NF-«B 272 10 71 775 0.965 0.916 0.928 0.829 0.990
HSDI11Bl1 729 22 13 2240 0.971 0.994 0.988 0.969 0.995
Lysa-glu 29 0 0 87 1.000 1.000 1.000 1.000 1.000
IMPDH 54 3 0 171 0.947 1.000 0.987 0.965 0.996
CLK1 86 2 14 250 0.977 0.947 0.955 0.887 0.993
CLK4 58 3 10 173 0.951 0.945 0.947 0.866 0.987
IFN-RNA- PK 42 0 0 126 1.000 1.000 1.000 1.000 1.000
IL-15-CE 214 8 16 650 0.964 0.976 0.973 0.929 0.995
IL-1 RAK1 24 1 5 70 0.960 0.933 0.940 0.852 0.991
IL-1 RAK3 21 0 3 60 1.000 0.952 0.964 0.913 0.989
IL-8 Ra 67 0 1 200 1.000 0.995 0.996 0.990 1.000
CXCRI1/CXCR2 213 5 2 652 0.977 0.997 0.992 0.979 0.998
TLR4 15 0 0 45 1.000 1.000 1.000 1.000 1.000
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Table 4 The number of potential inhibitors on each targets from
Radix isatidis, Folium isatidis, Artemisia rupestris

The number The number The number
Target ' of" Potential ' 01" Potential ' 01" Potential
inhibitors from inhibitors from inhibitors from
Radix isatidis Folium isatidis Artemisia rupestris

NA 9 3 10
CLK1 45 9 14
CLK4 20 4 10
IFN-dsRNA-APK 31 7 0
IL-15-CE 51 12 13
IL-1 RAK3 89 26 37
IL-8 Ra 66 23 41
CXCRI1/CXCR2 6 1 0
TLR4 35 12 3
RNA pol 41 12 29
PA 20 5 0
RT 45 14 4
TNF-a 32 8 16
NF-xB 40 7 15
HSD11B1 13 7 29
Lysa-glu 48 16 14
IL-1 RAK1 35 11 6

45 42

40

36

17

MNumber of potential inhibitor
S

Number of target

Figure 2 The number of potential inhibitors in Compound
Yizhihao in different frequency of targets
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Figure 3 The constituent-target network for potential inhibitors
from Radix isatidis. The blue rectangle means active compound,
and the oval means drug target. Among them, the red oval means
immune-related target, the yellow oval means host protein and
the green oval means protein of influenza virus
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Figure 4 The constituent-target network for potential inhibitors
from Folium isatidis. The blue rectangle means active compound,
and the oval means drug target. Among them, the red oval means
immune-related target, the yellow oval means host protein and
the green oval means protein of influenza virus
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Figure 5 The constituent-target network for potential inhibitors
The blue rectangle means active
compound, and the oval means drug target. Among them, the red
oval means immune-related target, the yellow oval means host

from Artemisia rupestris.
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Figure 6

The target-pathway network by the enrichment
analysis of Gene-Ontology (GO) biological pathway
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Table 5 The name of compounds represented by MOL ID/Pubchem ID in Figure 3 —5

Compound ID

Compound name

Source

MOL000348
MOL001720
MOL001723
MOL001724
MOL001727
MOL001728
MOL001734

MOL001743
MOLO001754
MOLO001758
MOL001763
MOL001772
MOL001786
MOL001799
MOLO001809
MOL001822
MOL001828

MOLO001831
MOLO001832
MOL001836
MOL001837
MOL000017
MOLO000125
MOLO000358
MOLO001764
MOLO001766
MOL001770
MOL002306
MOL002307
MOL002312

MOL002313
MOL002314
MOL002316
MOL002321
MOL002324

MOL002325

6448
8468
10748
11230
17100
92231
127171
440917
442360
605073
1794427
5318734
6553874
11095734
13240187
16211192
23619656

4-[(Z)-3-Hydroxyprop-1-enyl]-2,6-dimethoxyphenol

4-Hydroxy-1 H-indole-3-carbaldehyde
2-0-f-D-Glucopyranosyl-2H-1,4-benzoxazin-3(4 H)-one_qt
2-0-f-D-Glucopyranosyl-4-hydroxy-2 H-1,4-benzoxazin-3(4 H)-one
3-[2-(5'-Hydroxymethyl)furyl]-1(2H)-isoquinolinone-7- O-$-D-glucoside
3-[2'-(5’-Hydroxymethyl)furyl]-1(2H)-isoquinolinone-7- O-f-D-glucoside_qt
3-[[(2R,3R,5R,6S5)-3,5-Dihydroxy-6-(1H-indol-3-yloxy)-4-oxooxan-2-ylJmethoxy]-3-
oxopropanoic acid
1-[(2R,3S5,4S,55)-3,4-Dihydroxy-5-(hydroxymethyl)oxolan-2-yl]pyrimidine-2,4-dione
2-Methoxy-4-vinylphenol_qt

Hydroxyterephthalic acid

3-(2-Hydroxyphenyl)quinazolin-4-one

Dihydro-f-ionone

(+)-Isolariciresinol

Pyropheophorbide a-methyl ester

(24R)-Ethyl-35,5a,6-trihydroxycholan

5-(Methoxymethyl)-2-furoic acid

3-[(3,5-Dimethoxy-4-oxo-1-cyclohexa-2,5-dienylidene)methyl]-2,4-dihydro-1H-pyrrolo

[2,1-b]quinazolin-9-one

HX (3,7-dihydropurin-6-one)
1-Sulpho-3-indolylmethyl-glucosinolate
n-Butyl-f-D-fructopyronoside
Methyl-f-coumarate
S-D-Glucopyranose, 1-thio-, 1-(1-methoxy- N-(sulfooxy)-1 H-indole-3-ethanimidate)
(—)-a-Pinene

p-Sitosterol

4-Quinazolone

5-Hydroxyoxindole
p-Sitosterol-a-glucoside
(1R,45)-Bicyclo[2.2.1]hept-2-ene
20-Hexadecanoylingenol

[(3S,4R,5R)-5-[[(2R,35,4S,5R,6S5)-6-(2-Acetyl-5-methoxyphenoxy)-3,4,5-trihydroxyoxan-

2-yllmethoxy]-3,4-dihydroxyoxolan-3-ylJmethyl 3,4,5-trihydroxybenzoate
TR-Saponin A

TR-Saponin A_qt

Thladioside H1_qt

Pca(5-oxopyrrolidine-2-carboxylic acid)

3-[2-Sulfooxyimino-2-[(2 S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]

sulfanylethyl]indole-1-sulfonic acid

[[4-Mesyl-1-[[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-methylol-tetrahydropyran-2-yl]thio]

butylidene]amino]hydrogen sulfate
Bornyl acetate

Vanillic acid
7-Methoxycoumarin
4-Carvomenthenol
a-Terpineol
(+)-Spathulenol

Rupestric acid
(4R)-(+)-Limonene
l-a-Curcumene
(—)-a-Neoclovene
Chlorogenic acid

Juniper camphor
(—)-Dihydrocarvyl acetate
(+)-Aromadendrene
a-Caryophyllene oxide
Aromadendrene oxide 2

(—)-Dihydrocarvyl acetate

Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis

Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis

Radix isatidis
Radix isatidis
Radix isatidis
Radix isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis

Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis
Folium isatidis

Folium isatidis

Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris
Artemisia rupestris

Artemisia rupestris
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Table 6 The typical examples of multi-target constituents
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A 3 AU ERE SR A 151 A Herp i 2 By
LA SCRRIRE, 5 i R A A1 B 7 S s AL
P EA BRI HTB B #vE Y, R A B,
4-3 (H) WEMERR . FHORHE . KT HEE. BOHR. B
TETEE BB RAHER, REKEMZIETH R
A 1 b B o 2 1 U YRR IR R 4.4 —-0-
B-D- ] %] B JE I T PO B R I R AR
TR it 3g A, L S R 00 0 A ) Y, e
TR 3o 40 ] A O B SR G N SRR b R A
b R 7 1R A AR AR P4 . 2854007, 1R
B 3 AN UAE RV AR 22 . #E DrugBank Hid 2K
FRE FTBE A K TN BE A3, W3R 6 PR . IXLext T2 48
RUTRUR AR R I B AE S,

M3 AN BRI R 24 A S Ry — 25 WD AR R 45
R LG B, e AT 5 B o3 X 4% HE S A A R R
FIfER . b, BOEARM S a2, HAEH

Compound ID Compound name Structure DrugBank Predicted target
_o~_-OH
MOL000008 Apigenin voo o d | TNF-a, NF-«B inhibitor a, TNF-a, NF-xB, NA, CLK1, CLK4,
T T 1T NF-«B essential modulator IL-14-CE, IL-1 RAK3, IL-8 Ra,
) f”"ﬁ'/ Lysa-glu
OH O
oH O OH
MOLO000472 Emodin O.e TNF-a, IL-18 IL-18-CE, IL-1 RAK3, IL-8 Ra,
e TNF-a, NF-xB
8]
o~ OH
MOL000006 Luteolin HO o~ O~y TNF-a, NF-«B inhibitor a TNF-a, NF-xB NA, CLK1, CLK4,
TQI/NI/ IL-1 RAK3, IL-8 Ra, Lysa-glu
OH ©
T ~0OH
MOL000098 Quercetin R TNF-a, NF-«B inhibitor a, TNF-a, NF-«B, IL-1 RAKI, IL-1
O
i U IL-14, IL-8, IL-1a RAK3, IL-14-CE, IL-8 Ra,
Ny ou NA, CLK1, CLK4, Lysa-glu
OH O
O
|
HO 0 T oH
. Il Ho- OH
MOL000415 Rutin o— Lo TNF-q, IL-8, IL-18 IL-8 Ra, IL-1 RAK1, IL-1 RAK3,

RT, NF-«B, Lysa-glu
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W TS, O s (B 45 AU R &
H2ZAER) A %A e S, 4 IL-1 RAK3. IL-8
Ra M IL-18-CE, A 5 B 55 8 I AH S 1) RT LA K&
5 E MK I 15 8 CLK & KT M A% O
BE R SR A, — B A B % T RNA pol
AR 4% iE M 5 HE 5 HSD1IB1 MIE A I %2 . ix Lk
WA R U], 207 —HGE b & 45 2 R LEHT
LB 5 T AR AR A, B R R SEVE R o B s AR Y
W E AR W E T —BE R ER T2
F A IE R, TS SRR, RIEPUR
AR

gr BRIk, 57— KE B 0 R RO 5 2
RPTR I LG RAE A, B2 sy 23S MZ2 I8
P R X 45 25 BRI BU LA E FH o A UK N T —
TR IR PR S 22 80 s HLant OB 24 e i h S ik
B, WO AR 25 5 5 B i B A B
FVE VAL 2 A S T T A .
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