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Abstract: This study aims to comparatively analyze the mechanisms of action of the stem, flower, and leaf
flavonoids of Polygonum capitatum (PC) in the treatment of gonorrheal infection. Firstly, the
UPLC-Q-Orbitrap-HRMS was employed to identify the types and concentration of flavonoids present in the stems,
flowers, and leaves of PC. Subsequently, based on flavonoids of peak area ratio more than 0.1%, the target

differences of flavonoids from different parts of PC in the treatment of gonococcal infections was compared using



the network pharmacological approach. Finally, the affinity between the nuclear active ingredients and key targets
was validated using AutoDock Vina software. It was established that the quantities of flavonoids in the flowers of
PC was ranked in descending order as follows: flowers > leaves > stems. Additionally, the content of flavonoids in
the leaves of PC was found to be highest, followed by the flowers, and then the stems. Among the flavonoids of
PC, the content of quercitrin was higher than that of other compounds. Network pharmacological studies have
revealed that the common core targets of flavonoids from different parts of PC in the treatment of gonococcal
infections were TNF-a, PTGS2, MMP-9, MMP-2, and EGFR. The compound quercetin, which has the highest
relative content in the stems, flowers, and leaves of PC, possess a binding energy with PTGS2 that is lower than
-10 kcal/mol, as verified by molecular docking. This research reveals the differences in types and concentration of
flavonoids present in different parts of PC, and indicates that these flavonoids in various parts of PC may treat
gonococcal infections through multiple pathways and targets. These results provide a reference basis for the
clinical application of different parts of PC.
Key words: Polygonum capitatum; different parts; gonococcal infection; network pharmacology;
UPLC-Q-Orbitrap-HRMS; molecular mechanism
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Fig. 1 The BPC graph of the stem, flower and leaf samples of P. capitatum in positive and negative ion mode
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Table 1 The identification of flavonoids in the stems of P. capitatum
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Table 2 The identification of flavonoids in the flowers of P. capitatum
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0.03

0.19

-0.19

-0.43

465.098 9.

465.107 7

291.085 9.

301.071 6.

301.140 6.

357.940 3.

409.091 3.

411.106 4.

427.102 4.

538.004 8.

556.015 1.

579.149 5

60.992 1.

88.987 0.

375.010 2.

431.097 1

255.029 7.

284.032 6.

285.039 7.

417.082 8

299.091 2

73.029 0.

287.054 7

JFIEH R Bl

Procyanidin B1

I iyay
Scutellarin

methylester

HIRRE
Kaempferol

3-arabinofuranoside

—HmE
7,4'-Di-O-methylapi
genin
Ll Z58)-3-0-0-L-lt
W ]z A
Kaempferol
3-alpha-L-arabinopy

ranoside

JFAEH =

Procyanidin
]

iy

Flavones

=1

iy

=1

Flavones

iy

=1

Flavones

iy

=1

Flavones

0.13

0.13

0.11

0.11

0.11




23 4.97 CaoH15011 [M-H] 433.079 1 331 119.049 3. #it |z #-3-0-p-D-K g 0.10
151.002 9. Vi Rss Flavones
193.013 6+ Reynoutrin
271.061 1.
313.072 0.
343.082 5
R 3 LEE P EBERLEWEE
Table 3 The identification of flavonoids in the leaves of P. capitatum
s RERN 4 F X FFHREK SHME = -l &) 2 (A S T AR
No. Retention Molecular  Ion mode Metered value Error WHET Compound Structural ~ Peak area
time (min) formula (m/z (x10) Secondary type ratio (%)
) fragment
ions (m/z)
1 5.13 C21H20011 [M-H] 895.195 1 1.35 300.026 9. M iz 2 i 29.94
301.035 0. R Flavones
447.093 4 Quercitrin
2 5.11 Ci5H1007 [M-+H]* 303.049 7 -0.6 303.049 7 MEHEEER 1 B i 3.96
Viscidulin I Flavonols
3 4.86 C21H2012 [M+H]* 465.102 8 0 71.049 8. SR B il 3.13
85.028 9. Isoquercitrin Flavonols
129.054 7.
303.050 5.
319.044 8
4 5.95 Ci5sH1007 [M-H] 301.0353 -0.16 151.002 7. RBEE B i 1.27
165.018 5. Morin Flavonols
178.998 0.
301.035 4
5 4.89 C21H20012 [M+Na]* 487.084 7 -0.08 341.026 7. VLSS B i 1.17
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4.86

4.97

4.17

4.06

C24H2015

C20Hi1s011

C15H1406

C20Hi15011

C30H26012

[M-H,O-HJ

[M-+HT*

[M+H-H,O]*

[M-HJ

[M-HJ

531.0757

435.092 2

291.086 2

433.0777

577.135 4

-4.17

0.04

0.18

0.4

487.084 8

300.027 o

316.022 3.

463.088 7

73.029 0.

303.049 8

123.044 4.

139.039 1.

147.044 1.

165.054 9.

207.065 2.

291.085 8

271.024 5.

300.027 6+

301.034 9.

433.077 6

137.023 0.

161.024 0

245.081 1.

287.055 7+

289.072 2.

299.055 2.

407.076 8

425.089 1.

451.104 3.

577.135 4

Myricitrin
Hit e =-3-0- (6*-0-
P I3 -B-D-Hi%]
BEH
Quercetin
3-O-malonylglucoside
Hiit e #-3-0--D-A
BEH
Reynoutrin
LA

Catechin

RS 7-0--D-
ML TR AKE
Hypoletin-7-O-beta-D
-xylopyranoside
JAIEH & B4

Procyanidin B4

Flavonols
P

Flavonols

Flavones

SR

Flavanols

gy

=

Flavones

JFHEFR
Procyanid

ins

0.66

0.52

0.51

0.48

0.34
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12

13

14

15

4.94

5.13

C27H30015 [M+H]* 595.1659 0.33 85.029 0.
287.055 1+

449.107 5

C27H30015 [M+H]* 595.165 6 -0.18 147.065 7
163.059 8.

239.091 3.

275.112 8.

287.055 0+

303.049 8.

345.058 8.

413.085 4.

449.107 9.

595.155 4

4.94 C27H30015 [M-HJ 593.1517 0.81 255.029 8.

284.032 7+

285.040 3.

593.151 6

4.87 C2sH24016 [M-HJ 615.099 6 0.68 151.002 8.

5.41

178.997 9.
301.035 3.

615.100 0

C24H22013 [M-H,O-HJ 499.086 2 -3.84 284.032 9.
285.040 4.
431.098 7.

499.086 7

1 2R 83-3-0-
=
Nicotiflorin
11 25 13-3-O- 1 % bk
B2

Ternatumoside 11

2 3-0-
AR

Biorobin

% 3-0- (6" % &
TEEE -p-D-
HE R
Quercetin 3-O
(6"-galloyl)
-beta-D-glucopyranos
ide
JKR 7-0- (6"-0-
W R/ --D-
MG
Apigenin-7-0-6"-mal

onylglucoside

g

=

Flavones

VU

Flavonols

VU

Flavonols

VU

Flavonols

g

=

Flavones

0.23

0.21

0.20

0.15

0.12

T WEWIEHARII = G2 SRR FEA h T A L S THAR Z A X 100%.



Note: Peak area ratio of the compound = (the compound peak area /the sum of all compounds peak arca in samplc)
X 100%.
23 KTEE. . HhRIEL SRS EMER

WRTATR, KRR, 16, mhh R A i m T E . TR LE R T 0.1%IW
WA G, I AEE S 12 AN EEIRA S, Forb i W 3R -7-0-B-D- L
B LA R 2-0- B TR S REEE & B4 fE2Eh A A KT 1% (I
R ¢ SKEEWETREA 23 NEERNEY), HrWE . Skt Wk R-7-0--D-1t
RG R T R Y L ©- PR R JBR B ORI B 31 -3-O- 1 6 W IR HF AE AR I AR A LU R T 1% (R
R2) o KRB PEAH IS AEERNEY, g, MERER L REE. &
ORISR ILERT 1% (WR3) o B4 g50%0], L@ JERM
B R A AT S Ik 58.41%~86.73%, o A s By i A &)
A B BRI W RET R AW A 5 BAEAE S 2 2 AU R o XS 45 1R ok
FEZE L T8 M TR 2RAG S R 80 2 B 10 22 S T 2 B R IT AU AN R o DRI v 77 iR BR T
T, RS ARZZE . QR I T AR LU R T 0.1% I S A6 G b AT M 2% 2 32
o F X A T

& 3

g
&
=)l
il

H b3 Others - mlf Leaf m{f Flower mZ Stem

HHE R HET4 4 Organic acids and derivatives b
PERIBE 2 Carbohydrates and Glycosides h

&} Phenols I
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Fig.4 The statistical graph of the content of compounds in the stem, flower and leaf samples of P. capitatum
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Fig.5 The venn graph of the targets of flavonoids treating gonococcal infection in the stems, flowers and
leaves of P. capitatum

Hi Cytoscape v3.9.1 F P AG S AL 2T 25 AL | - BT 248 1l - IR 0 e L 150199 5% L O
Kl6) o B 6 R, AEZZE-THMESER - RER B AL s 2% 045 24 DA AT, 102 S6AH AL
VERI K Z s SRACZEAE- T 288 B 77 - W K AT IR L U 2% 045 37 N1 0, 161 AR ELAE G &
S A - B S B - R TR R L R 2 LA 27 AN R, 90 AR EAE G R, Horh, 3F
TR RMRER T G, BRI RR ARG, = MIBRNREE Z, v FIR R L EE
AT WU R IR SR AL AL, KITTE RIS SRAE N2 AL VG I R BR R R 5, BRIk AE
ZNGIAL. BEASER Iy IR B IR 2 R AR HAE R &R



Apigenin7-0-6"-Malonylglucoside  Reynoutrin

Bl6 KAEZZE. T8 KM IR R 16T IR B R LB e ) 45 1
Fig.6 The target-network graph of flavonoids treating gonococcal infection in the stems, flowers and leaves of
P, capitatum

Gy SRAEZEZE L A8 S I SR B VR YT IR TR R LB S 3N String #HE R, #4%E PPI
ML, FRTSV SCMHZ R 1E S IR HTH degree [, MIMTFIWIHAZ GRS B 7 5R,
S 2 KB 28 A3 5 R B R (A8 S S R degree (KT 10 [ DG HREE 2 EGFR,
TNF-a. MMP-2. MMP-9. PTGS2 1 STAT1; Sk{¥ZEE 8 Hi 2 i 20 5 R ER 1 B e (1 28 £ 41
MrF degree KT 14 fSSHEEEE 54 EGFR. STAT3. TNF-a. MMP-9. MMP-2. PTGS2
STAT1: Sk A6 ZE I3 i 2 jil 43 5 I 33K A1 JR G f 28 R B i degree KT 10 IR OCHEAE AN
EGFR. TNF-a. MMP-2. MMP-9. PTGS2 Ml STAT1. HiMtn] WL, SkAEZ32E. 18 KBk

5455 TR B RS e R () DA BE 5 9 EGFR. TNF-on MMP-2. MMP-9 fil PTGS2.
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EGFR
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Fig. 7 The histogram of interactive relationship of the targets of flavonoids treating gonococcal infection in
the stems (A), leaves(B) and flowers(C) of P. capitatum
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KEGG @B & H g5 Ra& W, SLEEE 5@ 44 2%, HrPRiE R A 20 E 588 = R &K
BFH (K S) o ik, KIEEZE TR RS L F & S H R 1K) KEGG il i 9 i

RELhE, W& AN TNF-0. EGFR. MMP-2 il MMP-9,

-

R4 LWEE, BRMEIRBESETHRRERLER GO R EEEHE SN
Table 4 The analysis of GO functional significant enrichment of the targets of flavonoids treating gonococcal

infection in the stems, flowers and leaves of P. capitatum

N T E 5 GO hae ik HEPH CF = {EER S
Medicinal part Significant enrichment GO description Enrichment P value Enrichment gene
symbol
=% Stem IR SEIN 7 32 Ak 2 0.000 1 TNF. STATI

Tumor necrosis factor receptor binding

R I PR A 7R 0.000 1 EGFR. ALK
Protein tyrosine kinase activator activity

IR R BE IR T 52 AR MR R 4 0.000 3 TNF. STATI

Tumor necrosis factor receptor superfamily binding

I B S 1 peroxidase activity 0.000 4 PTGS2. CAT
FAIE R B G 1 0.000 4 PTGS2. CAT

Oxidoreductase activity, acting on peroxide as acceptor

- Leaf SRR SE IR T 32 A e 0.000 1 TNF. STATI
Tumor necrosis factor receptor binding
R 1 I A PR I AL R 0.000 1 ALK. EGFR
Protein tyrosine kinase activator activity
SRR SE IR 7 52 A SR A 5 0.000 3 TNF. STATI

Tumor necrosis factor receptor superfamily binding

TS B 1 peroxidase activity 0.000 4 PTGS2. CAT
A AL T g v 0.000 4 PTGS2. CAT

Oxidoreductase activity, acting on peroxide as acceptor

<0. 1
1t Flower B AR 45 & protein phosphatase binding 0.000 EGFR. STATI.

STAT3. LGALS3



TEMREE4S & Phosphatase binding

R SEIA 752 AR 5

Tumor necrosis factor receptor binding
B T R A A 7 1

Protein tyrosine kinase activator activity
R R SEIA 7 S AR R R A 15

Tumor necrosis factor receptor superfamily binding

<<0.000 1

0.000 2

0.000 2

0.000 5

EGFR. STATI.

STAT3. LGALS3

TNF. STAT1

EGFR. ALK

TNF. STAT1

RS KHEZZE, TERMIRIRMET KR B YL S KEGG iR E B R

Table5 The analysis of KEGG pathway significant enrichment of the targets of flavonoids treating gonococcal

infection in the stems, flowers and leaves of P. capitatum

NEGERAL 2% &% KEGG @ #iid EHEPH [EE = TR
Medicinal part Significant enrichment KEGG pathway description Enrichment P value Enrichment gene
symbol
2% Stem JB: s Bladder cancer <0.0001 EGFR. MMP9,
MMP2
JENESR H 2 FE Proteoglycans in cancer <0.000 1 TNF. EGFR.
MMP9. MMP2
FIfF 25 Leishmaniasis <<0.000 1 PTGS2. TNF. STATI
JEAE PD-L1 35 K& PD-1 #%1 riid i 0.000 1 EGFR. ALK. STATI
PD-L1 expression and PD-1 checkpoint pathway in cancer
IL-17 {5538 IL-17 signaling pathway 0.000 1 PTGS2. TNF. MMP9
M Leaf JB: s Bladder cancer <0.0001 MMP9. MMP2.
EGFR
JENER H 2 BE Proteoglycans in cancer <0.0001 TNF. MMP9.
MMP2. EGFR
FIft 2 Leishmaniasis <0.0001 PTGS2. TNF. STATI
JEAE PD-L1 35 K& PD-1 #%15 riid i 0.000 1 ALK, EGFR. STATI

PD-L1 expression and PD-1 checkpoint pathway in cancer



IL-17 {55 # 1L-17 signaling pathway 0.000 1 PTGS2. TNF. MMP9
1t Flower JERER HZ M Proteoglycans in cancer 0.000 3 TNF. EGFR. MMP9,

MMP2. STAT3

J#AE PD-L1 35 K PD-1 K75 riJd % 0.000 3 EGFR. ALK.
PD-L1 expression and PD-1 checkpoint pathway in cancer STAT1. STAT3

Wl PR I RE AGE-RAGE {5 5 il #% 0.000 3 TNF. MMP2,
AGE-RAGE signaling pathway in diabetic complications STAT1. STAT3

NKE %5 Human cytomegalovirus infection 0.000 3 PTGS2.TNF.EGFR.

CCRS5. STAT3

SR Toxoplasmosis 0.000 3 TNF. STATI.

CCRS5. STAT3

2.6 KLBEEEOFEMER Y 5 X BIa ) FXIE

KT AR LUK T 1% Sk AR B2 L A6 K B Vi 1k e 3 5 RSB A AT 2 e (I
B8 o —fokU, AiaRebi/h, XM SEERE: 454 HE<-5.0 keal/mol FRZY)
M B A, TR R (B8) , FALEARE/NT-5.0 keal/mol,
W SKACZNZ O T o3 5 R B U I M A i . v, LB L M e 3R-7-0-B-D-
MR ETREEE . MMEEE 00 B S PTGS2 MM & R RAL, Rnt B RBA e . R,
MBS 5 BE<-10.0 keal/mol HIX#E45 RAATFIHAL R (LI 9

A
ffit i Quercitrin
W #-T-0- B-D-MLWFH F 51T Quercimeritrin . =
-8
JL##  Catechin
—_— -9
2" 0 E B FEE S 2Bk 2"-O-Galloylhyperin
-10

J4E V7% B4 Procyanidin B4
Binding energy (kcal/mol)
| I | | |
TNF-o PTGS2Z MMP-9 MMP-2 EGFR



Hit 2 Quercitrin
AEM A 1 ViscidulinT -8
btk Tsoquercitrin -9
-10

F (04 Morin
s e
MFEEF Myricitrin
I Binding energy (kcal/mol)
TNF-a PTGS2 MMP-9 MMP-2 EGFR
it 2 H Quercitrin

G4 Bk Hyperoside

Hift 2 #-7-0- B-D-WEWET BT Quercimeritrin

6-FRAEA R 6-Hydroxyluteolin

d: L 4
Eofe gl

B B 3 -3- O- TR NEERR 1T Miquelianin
Binding energy (keal/mol)

u
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Fig.8 The heatmap of binding energy of molecular docking between key targets and major active flavonoids

in the stems(A), leaves(B) and flowers(C) of P. capitatum
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Fig.9 The mode graph of molecular docking between key targets and nuclear active ingredients in different

parts of P. capitatum
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