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Predictive analysis of quality markers of Forsythia suspensa based on fingerprint and network
pharmacology
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ABSTRACT OBJECTIVE To predict the quality marker (Q-Marker) of Forsythia suspensa. METHODS The fingerprints of 10
batches of F suspensa were established by high performance liquid chromatography. The common peaks were confirmed. The
candidate components of Q-Marker in F suspensa were screened. The volatile oil of F suspensa were analyzed by gas
chromatography-mass spectrometry (GC-MS) , and the candidate components of Q-Marker in volatile oil were screened. The
network pharmacology analysis was performed for the candidate components of Q-Marker. The network diagram of the “candidate
components of F suspensa Q-Marker-target-pathway” was constructed to predict the Q-marker of F suspensa. RESULTS &
CONCLUSIONS Twenty-one common peaks were obtained for 10 batches of F. suspensa, and four components were identified as
phillyrin, forsythoside A, pinoresinol-4-O-4-D-glucoside and rutin. Seven candidate components were obtained by GC-MS
analysis, such as f-pinene, a-pinene, terpinen-4-ol, limonene, y-terpinene, a-phellandrene, f-myrcene. By network pharmacology
analysis, 16 key targets and 17 pathways were obtained. It was preliminarily predicted that phillyrin, forsythoside A,
pinoresinol-4-O-f-D-glucoside, rutin, terpinen-4-ol, a-phellandrene, a-pinene and S-pinene were Q-marker of F. suspensa.

KEYWORDS Forsythia suspensa; quality marker; fingerprint; network pharmacology
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1.1 FENES

AW FE P 32 EAL AR AT < 1260 Infinity 1T % HPLC
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FW-80 %Y 725 3 J7 BE RS HE AL . DZTW AU e, 13 I vy P2
(b ik G TP AR A FRA F] ) ,FA2004B B 7 43 2
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RUR P s B e (R A R A R A A
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T (S Z27TA9X59731) 5 MBS 1T A (HE5=
Z10NIL71605) . ¥4 fig % -B-D- 4 % # 11 (4t 5 M25GB-
142883) 5 T (k23 Y24F11Y 17051 ) (1) X BE N (4fi B 34
KT 98% )M B iR R A BRAS A 5 TEK B IR
B4l S5 F20110307) 1 1 [ 2548 AL 2l R A
PR 5 LR TR (A al, b5 20170816 ) Il H R EE T
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KRB ) BN P R R P BRI 8 A
2020 47 it [ 25 ML) B E |, 359 0 AR R BB %I . sus-
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2 FiEEHR
2.1 EFMHPLCISL EILHIET
2.1.1 @5t 3k ZORBAX SB-Cis(250 mmx
4.6 mm, 5 um) ; FiBHA K 0.2% H BR VA W (A) - FE(B)
(#6 BE Ve Wi : 0~15 min, 10% B—20% B; 15~30 min,
20% B—26.5% B; 30~31 min, 26.5% B—29.2% B; 31~
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50 min, 29.2% B—35% B; 50~63 min, 35% B—40% B;
63~69 min,40%B—48%B;69~75 min, 48%B—53%B;
75~80 min, 53% B—60%B) ; K&l K~ 242 nm ; i %
“} 1 mL/min; A3 4 30 °C; #ERER M 5 ul,
2.1.2 HEREAERAGE R BCLOHEE 2G4, R e Y
S SRR 15 g MR, BT HEMEIE Y, A
70% FBE 20 mL, % %€ , B0 , M A HR IR (3515 40 kHz, 1)
2300 W) 30 min; ¥, FRAE , FH 70 % I b 2 sk 2k Jot
L8557, L5 000 r/min B0 5 min; BUF I, 3 0.22 um
AL B IS, BRELUE W, BI15 o
2.1.3 AN ST T O AR T
A NAREZR -B-D-MEHETT 5T B A SRR e,
PR 4 VA fe o R R T 84 pg/mL  iE FRBE T A 174
ng/mL WAE R -B-D-Hi AT 128 pg/mL T 92 pg/mL
(AR A BE S VA TR o
2,14 FEEERLE  BGEEA A R (4h 5 S10) 4%
“2.1.17 T Ak S SL R 6 IR il AR . DL 15
U S IR | TR S A DA AR X B S [) AR AE Yo i
AR, 253 o, #5 A AR & B3 15 (3] RSD 21/
0.23% , A XF I T A RSD 21/ F 3.86 % , 3= B A K %%
JERIT.
2.1.5 EEMWRE  BUEMZE S10FE 5 A7 % 6 47
B ST, H 2. 117 00 F A SRR b e S
e LA 15506 2 MR 1345 AT I G AR G B s
[ IR X 06 T A L 25 R S, 4% SR AT 0GR X B st ]
RSD #1/NF1.03% , XTI T L RSD /N F 3.14% , %
Wz B R R AT
2.1.6  FUEMERE  BOEMAER MR (45 S10), F
IR 0.2.4.8.12.24 h I “2.1.17 300 (433 2614 1F
FEOHT iC S @I% IR . DL 15 Sk 2 iR ARG
WS PR AL RT O B BsF ) ARG e T AR . S5 2R SR, & A i
ARXHEE s 6] RSD 23/8NF 0.22 % , AR [ AL RSD #7018
F 3.41% , & IR T 1 TRO7E = T 24 h RS OE T
R4f.
2.1.7 FRLrEEE s B0 b R 2. 1.2
7 45 A SRR, H 2.1 1 TR (A3 Sk ERE 2y
B, il sk g . SR 24 @k 4 a0 TS AR U TR
RS (20124F0R) ), LA STAESL W 3 BIME N 2 IR EE iz
PR ECE: B B 1) 7 9 B 18 0.1 min, SR 5 A2 A% 10
3% 245 44 1) i HPLC 45 SC B35 (18] 1) FERE 24 44 1)
X B FE SIS R (& 2) 5 FFHEF AR EE PN, A5 21 10 Hiki%E
LY RHE L RTE R AUEELE 0.902~0.997 YL RN (£ 1),
2.1.8 HAFIETEIN  BC2.1.37 I R IR AR IR S, 1
“2.1.17 T AR AR S BT A5 BIR A6 RS I
TEEI(E 3) .
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W BUREEE A, WA 2 S R 3 DR E A 3
AT TR, 2B 4 B A R % Q-marker
(AL L

2.2 EIZEL MK GC-MS Blig#

221 @AM A5 H S HP-5MS (30 mx0.25 mm,
0.25 pm) 5 FEFE IR BE R 200 C 5 ZACH A 4 ey
20 13 i #h 1 mL/min; HEAEIA 1 pLs RAFEF FHE T
K (50 CA#£45E5 min; L) 0.75 °C/min F} 2 65 °C, {1455
min; A5 °C/min 72 105 °C, {545 2 min; P4 20 °C/min 7}
%225 °C %45 4 min) .

2.2.2 JUBAM BFUECHHE TS B RERD
70 eV H2 R R 250 °C 5 & IR R 200 °C 5 DU AT
LR 150 °C 5 L TR 35 H 2R 11906 V5 ot it 4714 91 il
>k 50~550 amus.

2.2.3  FERIMBLAS SR BRI R 50 g K %
FRAE, &F 1 LIRJEK T, 7K 500 mL 231 0.5 h, 85
KK &S 2R E S AL 6 h!" 5 WCEE A K i, o 1
TR B BR AN AS AR T-08 , BR 25 A, RIAS 450045 &
MR A 0.94% ~1.62% ) . B EGE M K3 0.4 mL,
BT 10mL i, HOROTRMBERZIE 25, 1
0.22 pm SALUERE , RIS Ay Al it v

224 KWK BOE M KA NS (g
S10),4%2.2.17 522,27 WU T 251 2L 6 K, il sk (8
WL LL3 S NS BRI TR IR A, 5B,
B TR FLRSD H/NTF 0.2% , HHULEIE % LI
2.25 EEMRE  BCEMZH STOFE ST 25 6 103
PRSI AR, 242,217 5 92.2. 27 TR S HERE S
Broadsg ikl . L3 Sid k2 fRg  TH A I I T AR
RN, R IEIE TR RSD B/ T 0.1% , W% i
SRR

2.2.6 FOEMIRL  BGERMIE AL (G
S10), T HE 0.2.4.8.12.24 h)5,#%“2.2.1" 5“2.2.2”
B N S iR S oA TR e S N A L B B R = S I e
AN, S5 B, & 050 TR B RSD ¥ /hF
0.2% , & AL S A TR 7E S I 24 h INRRUE PR R AT
2.2.7 GC-MSE4rHr  B“2.2.3" 30 F & 58445 & 4t
AW, F5792.2.17 52,227 WU F S F HERE 0BT, 153
VE IR R I N4 B GC-MS B T (K 4) o SR H
JIT A5 J3T 1 50 30 1o T 1 A sl A o BB R A 2R DR
S, W0 A5 BT P A S Al L S A5 R S RS X L, 15
BB A T AN RLAT , 53 5 b B- TR M ( B-pinene) | a-TE
J# (a-pinene ) \FATHI 4 -4-5 (terpinen-4-ol ) \ F7 454 (limo-
nene) . y- Fi ¥l 45 ( y-terpinene) . a- /K 4 ( a-phellan-
drene) .p- 1 M (B-myrcene) o >R H UG T FR I — Ak ik ik
TP m i, 15 1 Bl 7434 A AT A AR A o3
TR 80% (£ 2) , WX 7B 7EIE A5 &
H AR MR, TR S % R AE & i Q-marker 91 %
1%
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I 5 T2 NI -4 -
4 EMFELZBASEGC/MS B 5 FiRE

R2 EMELMPTIRSHIENESIEE (D)

S5 ol pRE RER ORIEE okER pIER R
Sl 13.61 $.13 430 8.04 3.02 175 4.68
2 15.20 5053 457 6.02 3.6 243 3.94
$3 13.80 5146 5.65 6.32 329 301 357
4 15.44 313 482 5.18 345 2719 354
S5 12.84 5047 518 6.59 323 255 407
56 13.17 42.83 4.96 9.79 281 18 5.14
§7 15.36 49.96 4.02 6.47 279 1.69 325
S8 15.35 41.26 453 789 3.09 181 3
59 16.12 48.80 4.16 7.09 359 1.94 381
S10 19.06 5597 441 299 346 241 239
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AT IR 10 HEE 2 M A ST, 2B E I
TR A AR R -B-D-E AT T B-TR I
o-JRIG WA T -A-BE AT -PA IR L a- 7KW B- 1]
FEME 114> 853 AT RE I 1% 7 Q-Marker Ff€ % 1 71 o 2k
T b, 28 R FH I 2% 2 B2 ik i — 25 T 0 5% S 1
Q-Marker,
3.1 R Q-Marker %% 5 5 HUFE & Fou il

K TCMSP ., SwissTargetPrediction,PubChem Com-
pound %5 B 1A % 7 11 1~ Q-Marker i 32 A% 43 A
MR BREEZGEG, AT F A 5 3L 97 14
B3 11 A B4 F 97 S AH G HE 55 5 A Cytoscape 3.7.2 %k
A, R 3% 9 Q-Marker {356 Ji 43 - HE A I 45, 45 2 DL
5 (B A = T 0 A 36 % 53 Q-Marker 15 1 B 43 5
BT sARTAE 5 77 s R /IMRER BEAE RN, R, U
AT A (DA B AR FHOC R )
3.2 EBREEMEBERLEESIHE

B 317 TUT Frg 19 97 A A G HE 515 A STRING
11O B, BEREFP A “Homo sapiens”, 2 fi FL—7
AR sv gL B R T BRI CR &
A Cytoscape 3.7.2 F{4Frh 47 Rl MAL 43 A, 15 31 28 11
HAF (protein-protein interaction, PPI) % % , 2% I UL [&] 6
(P R RN (B TR AR FEAE RN ) 5 S HUM 2%
HR R T 9 A VR R S B 51 25 R AR 16 4>
KRR (K 3)
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CYR2C19 v AGHE CNR2
PLK1 csNK1D = ESR2 = APP TRPMS
— NR3C. soE (A ADRA2C
CA; AR HSP90AAT D
siC = i £G7R R \ v
sLagoA1 MMP13 HRAS P et B :-(— NMURZ * \mpoH1
E6 PPIREE
®3 KEESAIFIEER
Byifif BAISCOPI0) 275 i
HSPI0AAL heat shock protein HSP 90—alpha(ﬂﬁiﬁﬁ H90a) 17
EGFR epidermal growth factor receptor( 2 K HF 32 k) 16
APP amyloid-beta A. protein(f-AJERHEE ) 15
DRD2 D(2) dopamine receptor( SEHEZ (A D2) 12
CNR2 cannabinoid receptor 2KFEZK2) 12
GPRSS G-protein coupled receptor 55( G2 [ [ 55) 12
ADRA2A alpha-2A adrenergic receptor( o 245 LR rEZ(K) 11
CHRM2 muscarinic acetylcholine receptor M2(F L BB M) 11
ADRA2C alpha-2C adrenergic receptor( o -2C I FIREfEZIK) 1
TNF wumor necrosis factor (ISR F) 11
HRAS GTPase HRas( 4] A GTPase HRASEEF) 11
ADORAL adenosine receptor A1 (JRHFZ (R AL) 10
NMUR2 neuromedin-U receptor 2(MZAK-UZ1k2) 10
HCAR2 hydroxycarboxylic acid receptor 2 HHRIZ 1K 2) 10
ADORA3 adenosine receptor A3(JRFZ (£ A3) 10
PTGS2 prostaglandin G/H synthase 2T G/HAHE2) 10

3.3 HERERKIHEEEEST

FIFH DAVID 6.8 £ 4l FE X 3.27 iU T 44514 16 4>
R 05 RT3 R AR 1A (gene ontology , GO) & 5404, LA
P<<0.05 #E1 i , FEARHE P ELN/NEI KR HER , 1581 66 1~
H: W15 2 (biological process, BP) 25 H . 17 4~ 41 fifd 2H A
(cellular component, CC) % H #1 11 4~43FJ11E (molecu-
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lar function, MF) 4% H . 283 1 B 2% H A HT 10 253617
OIHT AR BR, 16 S EER T Y BP 222 S IR R0 i
AR38F 2 72 49 711842 (negative regulation of lipid catabolic
process) -1 WL 4 (1) 97 15 (regulation of smooth mus-
cle contraction) . — b A AW & 1L #2 1Y 1E 4% (posi-
tive regulation of nitric oxide biosynthetic process )% ; CC
F H 5 J5 i (plasma membrane) |, #1 42 JC (neuron) 4 4
K s MF F 22 5 G 8 PRI 2 AR5 2 (G-pro-
tein coupled adenosine receptor activity) a2 & IR & i
Z K15V (alpha2-adrenergic receptor activity) . KK ZR 52
751 (cannabinoid receptor activity )45, TR UL 7.

El7 GOINREESRNER
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K David 6.8 £540 22X 16 4% O F8 s T R
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PAE#E/N, 25 PG . O PO FR/NEIRHE Y, 615 31 17
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j#% (sphingolipid signaling pathway) @2 &4 - 25 1118
fiff G {5 5 1 % (cGMP-PKG signaling pathway) . i JI it
FIURE 3- 9 iy 2 1190 B 5 3 B (PISK/AKkt signaling
pathway) . 22 %4505 A0 25 P15 538 % (MAPK signaling
pathway ) %, TEILIKI 8
3.5 i Q-Marker & I%E B 53 - 38 - 18 BE " W & 432
5 Q-Marker Filll 3 #

W 11 4-3% 58 Q-Marker 38 /873 16 - OCHERE i (17
253 1% , 7 Cytoscape 3.7.2 B {4F o #4) 22 “ 3% 58 Q-Marker
it J - S - I TR DL 9 (21 8 = T 1o
R AL % S SEN IR ISRA S S i1 LYW SN
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Q-Marker f 3% Ji 53 BE (B A -3 HAEEH A
SwissADME %4 /% (http . //'www.swissadme.ch/) & Bt , Al
T3 > B 43 0 B 1 W WA AR AN A R i T Y
Q-marker, M4 8 NHLA /T ERAT HAE %R -B-D-
IR IR A AR -4-B5 | a-ZK T B-IR N |
o-JR M I FE (X R TP 349ME , H O A AHOC SRR E X L
A3 R V0 R R BT IR AR FH ) F2 R
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HR 24 0 S5 R DRAIE LI T R DG B . P2 AT

Z Gy 2R AR R AR S X B B B

“Q-marker &, 45 F1]F ) B H 2548 20 LA, HLXG

Pl rp 2 SA B B A AR

FIHI, 425 b Bt s IO S, LR M il ol

b TSR . LT, AR SCUL Q-marker BRSNS

T A G TR SRS AN 2% 25 T2 T % R 1) Q-marker

SGERWoR R IR T A FANE R -B-D-H A BT

FET KA -A-BE - KT o TR M -TRIR 8 n AT
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