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Abstract: Forsythia suspensa is a herbal medicine that widely used for heat-clearing and detoxification in
clinical practice. However, the molecular mechanism of its heat-clearing and detoxifying effect is still unclear.
Based on the theory and methods of network pharmacology, the efficacy of the heat-clearing and detoxification
of Forsythia suspensa was analyzed in this study. A total of 114 of compounds in Forsythia suspensa were
collected, and 15 of effective compounds were obtained by analyzing the bioavailability (OB) and drug-like
properties (DL). Then 26 corresponding targets were obtained using reverse pharmacophore-docking method.
Using the BioGPS database, the organ location of the target initially was revealed. The compound-target-
disease network model of Forsythia suspensa was constructed by using the Cytoscape, which showed that the
material basis of the heat-clearing and detoxification of Forsythia suspensa was to synthesize and synergize the
effects by combining various active ingredients of multiple targets, simultaneously. This study explains the
scientific mechanism of the heat-clearing and detoxification of Forsythia suspensa, and provides a theoretical
foundation for clinical rational usage of Forsythia suspensa.
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Tablel Detail information of 15 compounds

BB T Select Targets Set #%+#% Human Protein
Targets Only (v2010, 2241), HASHI NERIA K HE
BT HE S 55\ mas3.0. DAVID $i#i 2 3k 4750 5
RSN IR IR TS R AR TN MeSH %L
Y&, s Search, i 5% Tree Number(s), 5 &t Tree
View, %1 Tree Number, Csk&FANEIR A — % 4
PR, W AT K.

Mg EMIE K A D IR /N o T U
HH A )5 5 R R R RN B R R, AR AT
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&R EE, B AN FEBUE . A FETEAR I SR X 0 ik
G~ FITR IRL R AR
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Foro

SFXREE U RAERE S S TR BN
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HORH 25 REAT 73 HT

FER5118
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OB=30%. DL=0.18 JM& AT ifiiE, RELEY
154~ (% DI, P E it R 3 S 5 Rk
R, ARG R L EE GA) EEE 4
). ZHEE (4 ). C6~C2 RAREE A (1 1M).
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No. Molecule name OB/% DL Compound type Source Chemical structure
A
c1 (-)-Phillygenin 95.04 057 Lignans [10] o 7 g
Q Q
O/
of
P OH o -
c2 Phillyrin 36.4 0.86 [11] HO _=__OH )y
_0O
OH
C3 Isolariciresinol 66.51 0.39 [12] £
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No. Molecule name OB/% DL Compound type Source Chemical structure

(+)-Pinoresinol

ca 53.08 0.57 [13] o

monomethy! ether N
o

OH
Q O/
) o]
\O |
Q
J Q
c5 Arctiin 34.45 0.84 [14] w o
O/
Q_ 20

Ho
HON S ™

OH O
Pt

C6 Quercetin 46.43 0.28 Flavonoids [15]

c7 Kaempferol 41.88 0.24 [16]

C8 Luteolin 36.16 0.25 [17]

C9 Wogonin 30.68 0.23 [18]

C10 Betulinic acid 55.38 0.78 Triterpenoids [19]

Cl1 S-Amyrin acetate 42.06 0.74 [20]

3p-Acetyl-20,25-
C12 epoxydammarane- 33.07 0.79 [21]
24a-0l

20(S)-Dammar-24-

C13 ene-34-20-diol-3- 40.23 0.82 [21]
acetate
. C6-C2 natural
Cl4 Forsythinol 81.25 0.57 alcohols [13]

C15 p-Sitosterol 36.91 0.75 Steroids [16]
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Table2 Information of related targets

BT 310 26 /M8 5 5 O\ DAVID ¥ 5, JLai LK 2.

B s 3 0 o Ko N EE RUBCH Rk B R Ah
WL 7 A EE SR SR T IAS [F R B B s o TRk T
13 26 ML, 13 D5 1gPERHZEME Y% (chronic
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MEEZEA IS, 1L AHRE KGR Horxt
NI AR N MeSH Hidis B, LA 3] 10 M)
PR, 2 A5y I IR R R BEROIR 450 R A
(K 3).

26 ANEE TN RIS Y, A9 B JE TR
W B B, BLEE: COPD. e PEM4T4E1L (idiopathic
pulmonary fibrosis). /& (influenza). filizh ik & /&
(pulmonary hypertension) . fii 4F 4k 4t (pulmonary
fibrosis) . fifi & & (pulmonary embolism) . i 45 #%
(pulmonary tuberculosis) - fifiZk /it (pulmonary edema)
Jiti < (pulmonary emphysema); 1 Ff & -9 EEAR ¢
RAEFREAR Ay: A5E (inflammation) «

W IR T 32 9 5 98 RE I L 2 (814G 36 AN AT 43 1 R B
RPN, 81k S8 4O R COPD IR HLH], COPD A
ZMRIERTZSENFHIREEREMEZEW; 1A
COPD J¥ Rt id #2 Hh ml Be PR BE A Bl U, 7T RgsE— B K
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No. Molecule name Target Total

Cl (-)-Phillygenin MMP12, PARP1, ACE, CTSG, MMP2, CCL5, CMA1, MMP9, HMOX1, NOS2 10

C2  Phillyrin STAT1, PARPL, BMP7, MMP12, SERPINA1, CYP2C9, CTSG, MMP2, NOS2, TPH1, 13
CMA1, CD209, HMOX1

C3  Isolariciresinol GBA, NOS3, BMP7, SOD2, MMP12, CYP2C9, PLAU, MMP9, NOS2, MMP2, TPH1, 13
ARG2, CMA1

C4  (+)-Pinoresinol monomethyl ether GBA, PARP1, MMP12, CTSG, CMA1, MMP9 6

C5 Arctiin NOS3, BMP7, MMP12, PLAU, NOS2, PARPL, CCL5, CYP2C9, SERPINA1, MMP9, SELE 11

C6  Quercetin NOS3, PLAU, SOD2, MMP12, CYP2C9, CTSG, MMP9, CCL5, CD209

C7  Kaempferol STAT1, SOD2, CYP2C9, NOS2, ARG2, CD209

C8  Luteolin NOS3, PDE4D, BMP7, SOD2, PLAU, SERPINA1, MMP12, CYP2C9, CD209, SELE 10

C9  Wogonin STAT1, GBA, BMP7, PDE4D, PDE4B, SOD2, PLAU, PDESA, CYP2C9, NOS2, CCL5, 14
ARG2, MMP1, CD209

C10 Mairin PARP1, NOS3, SOD2, SERPINA1, CYP2C9, MMP2

Cl11 p-Amyrin acetate
C12 3p-Acetyl-20,25-epoxydammarane-24 a-ol

C14 Forsythinol
C15 p-Sitosterol

NOS3, SOD2, SERPINAL, CYP2C9, MMP2

PARP1, MMP12, CYP2C9, CTSG, MMP9, CMA1, HMOX1
C13 20(S)-Dammar-24-ene-34,20-diol-3-acetate  NOS3, SOD2, PLAU, CYP2C9, SERPINAL, MMP2, MM P12
NOS3, PARPL, CYP2C9, PLAU, CTSG, CMA1, MMP9
NOS3, MMP2, SERPINA1
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Figurel GO analysisresults. A: GO mapping; B: Biologica process; C: Molecular function; D: Cellular component

Disease name Target
number
D1:Chronic obstructive pulmonary 13
disease(COPD)
D2; Idiopathic pulmonary fibrosis 3
D3: Influenza |
D4: Pulmonary  hypertension 6
D35: Pulmonary  fibrosis 7
D6: Pulmonary  embolism 2
D7: Pulmonary  tuberculosis 7
D8: Pulmonary  edema 1
—o— Target mumber D9: Pulmenary  emphysema 3
D10: Inflammation 8
Figure 2 Target enrichment analysis results. Each spoke

represents the name of the disease enriched by the target, and the
length of the spoke is proportional to the number of targets
corresponding to the disease
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Figure3 Disease classification results

FH T FL R T 1 5 B0 S WP IR R S, X — T
Fi45 F 5 T R I R Th ORI A8 AR
3 MH-BR-ERMNLEE

F H Cytoscape B4 #4134 70 Ji 43— 8 r 50
W2 P (P 4), P e d b — P A [ 38 T 3R TR X i
PERLSY BT RLE) 26 AN A5, Hp R A6 €0 1 5 AE Dy %50
BT e i) 15 ANE TR sy, 16 6 [ Bl 3R 7R 1% 8 1 43 BT
YBIT ) 10 BN .



L BEAE BET P4 2B T AT DO A 2 T LA E A - 1839 *

P2 PARP1 SE I*Jm
MNfp12
S.Q . mb‘!in

o Ul 2t e

Chronic gastrictve C*Q
pulmoriary SWeise (GOPD)

N@S2  inflari@Pation w.,n
(4}-Pmaras:xmua'«eth;d 1
HMPX1 . '“"E.SI“"'

Pulmonary @pertension .P..n Pumonary@mphysema

Puliond® fross s

Beta-dilbsterol
PDE4B
C¥BG
* For{fiiinB. L i p.“ i ic pulmonary fibrosis FReay
capos (3-Piiliffenin Ml

Pumonasy edema il

Pulmonaryeuberculosis

BNPT
3p-Acety-20,25-epdildammarane- 244 @nza
e s 24 20-dokBacetaie
S'I%ﬁ!‘[ Fompmen -ef.}ﬂ, o tB ® Main active ingredients

TRH1 i
# Target:
ARB2 cea SELE ® Disease

Kaeffififercl e
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Figure6 Molecular docking schematic. A: Docking results of
C13 and NOS3; B: Docking results of NOS3 and ligand HAR

Table 3 Docking results of the partial active compound with
inflammation targets

Target  Compound ;-:;1 Target  Compound ;-:;1
NOS2 C1 57087 | MMP2 C1 6.052 3
NOS2 c2 43726 | MMP2 Cc2 44127
NOS2 C5 7.2248 | MMP2 C3 4.869 1
NOS2 C9 54683 | MMP2 C13 5.9324
NOS3 C5 8.1599 | MMP9 Cc4 5.0132
NOS3 c8 54862 | PARP1L C1 6.936 3
NOS3 cu 9.2379 | PARPL Cc4 6.3308
NOS3 C13 9.7077 | PARPL C5 6.966 6
NOS3 C14 5.0257 | PARPL C10 5.695 2
NOS3 C15 6.0458 | PARPL C12 6.2827

Table4 Target protein docking results with ligands

Target name Ligand Total score
NOS2 ZN 0.741
NOS3 HAR 45034
MMP2 ZN 0.409 2
MMP9 ZN 0.7301
PARP1 SO4 3.604 6
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