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Mechanism of crocin compounds from Gardenia jasminoides in Zhejiang
Province by network pharmacology

LIU Fang-zhou, LI Yuan-bai, LI Meng, WANG Jing, DU Yu, YANG Yang
Institute of Information on Traditional Chinese Medicine, China Academy of Chinese Medical Science, Beijing 100700, China

Abstract: Objective To investigate the pharmacological mechanism of the crocin compounds from Gardenia jasminoides in
Zhejiang Province by using network pharmacology. To provide a valuable research strategy for the rational use and in-depth research
and development of G jasminoides from Zhejiang. Methods Our previous research results showed that the Zhejiang area of
Gardenia crocin content and other areas have significant difference. Based on the results, the crocin compounds from G jasminoides
were used to predict the targets according to Pubchem, Uniprot, STITCH, SWISS, and TCMSP online databases. Cytoscape software was
used to construct compound-target-disease network of the G jasminoides crocin ingredients. The targets were analyzed by Gene ontology
(GO) enrichment and KEGG pathway analysis using CTD online analysis platform to analyze main biological pathways for obtaining the
deep mechanism of G. jasminoides in Zhejiang. Results The crocin compounds from G jasminoides in Zhejiang Province were obtained
through previous work and network pharmacology screening, such as crocin-1 and crocin-2, and 18 corresponding targets were acted, such
as FGF2, VEGFA, KDR, and FLTI. These targets could joint in pathways, such as GPCR, Rapl, and Ras signaling pathway. These
ingredients are mainly used to treat 18 related diseases such as cardiovascular diseases, tumors and digestive system. Conclusion The
method based on system pharmacology could help to find the key targets of characteristic high-content chemical constituents of herb from
different producing areas, signaling pathway and disease network of traditional Chinese medicine (TCM), and provide useful information
and data support for giving a further study on TCM resources in different regions of China.

Key words: Gardenia jasminoides Ellis; Zhejiang produce area; crocin; network pharmacology; mechanism; cardiovascular diseases

WS HER: 2018-12-28

ESWB: BN TELE (2015FY111500-190)

TEZ BN : X5 (1985—), 2, f-t, PgERFR, DI A RG24, PRI PRSI G .
Tel: 18600181180 E-mail: 2442028249@qq.com

“EEEE ¥ Bl Tel: 13810804078 E-mail: 78860858@qq.com



“ 1874 - 'Y

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

LA Z AT H IR T ME— AR E KRR b
w2, R AT R AR AL AR B Mgy, A,
FER A AL R - -B-D-JBIH —$EF (crocin-1). AL
R-T-B-D-HJHZKE-B-D-F & BEHF (crocin-2). ik
AR -B-D-JH ZHET . R AL 2 - —-B-D-Hil % bl
H (crocin-3). JRLLAEZ-B-D-JeIH —H%-B-D- =i %
PEEE (crocin-4) MHTVHLAET A. BTN
5, MOZRO S e R I RR R, K
5 25 7 B S A TR ALAE R RSy, ST
& BGB LI AL 22 R B ORI AR T [ 3R B4

1 ¥ Gardenia jasminoides Ellis 7& ¥4 % %}
(Rubiaceae) Hi T J&HLRAMEAR, XA WNET BHET
R TR DR SENY, Tizam T K
LU &8 X, BHRTLALI . WiE A = EAE
X310, Ao T2 B8 BRI RIS . AL
TR =R, 20, Rms b Al
H S IR A2 R R A, ANIR]™ e 7 &5 65
RO B E & ST, ARG 7 B o) T i 2
Mo ZIBENHUART LRGP, HET = A AN R 2B
YER . AR B RBSE REIR, WL XA+
R AE R R A & B, BZE & s
FAb =t R 2R (P<0.05). ABFFLALRT
HRIE 5T A 3 P P 2 24 B 2 7 32 AR A TR
AIEH 5 P A 2 1) B BT AR 3R R A B R F ) 5%
BERE RUNUE S, TROAR GBI A s -
BB 4, T e TR LA E R R Ry 25 A
FALI IR FE SR AR
1 #REE%

1.1 RHS5HERE

2 RG24 B R FE A e A& (TCMSP,
http://Isp.nwsuaf.edu.cn/tcmsp.php )« Pubchem £
Chttps://pubchem.ncbi.nlm.nih.gov/) . STITCH #(¥5
J&  (http://stitch.embl.de/)« Uniprot (¥ /% Chttp://
www.uniprot.org/ ) « Swiss % # % C http://www.
swisstargetprediction.ch/index.php ) « CTD 4 # /&
(http://ctdbase.org/) Cytoscape 3.7.0 #fF.

1.2 LERITRIIEEL

AR AT T B TP DU WL
210 MR X AR T 244 H 10 Mk o1 &
Beals, WCEMEHERZRTTZ . FRr AR
KO WTITEHAT ZARVRERE VY, &5 R "L
XHE T H ik L AE =I5 crocin-1+ crocin-2 &5
Hoplb 7= X LL B A7 B 27 (P<0.05), A]

crocin-1 1 crocin-2 #4 BGHTVL = XA+ 25 # Fr Ak 14
m BT A TAKIE AT SLIR A R, £
XTI X MG F 2 M AT 9T, SRR AR 1 =
FALFE IR crocin-1. crocin-2 fE N HFRY, JF
E ) TCMSP #0422 SR H Bk o eie. 40 A
R, HeME (ADME) RS %.
1.3 ERSEBERSTNSFiE

Pubchem #(#f8 2 SKIUAL 547 crocin-1. crocin-2
f¥) SMILES %A 3Cf, If# 3L EAL % STITCH %4z
JEE  Swiss 4 i, #4488 5 281 E 8 Homo sapiens,
RECAH Q88 /U, 2R J5 Ml A UniProt % FE
UniProtKB JjRg, FREYIMN Human, HiAFr{q4E
RATR, 1320 M EE R AR, X8 E A RRIEAT
HIEP), BB EE AL S AR (target) H:
A% FK (gene)« Uniprot ID. VCECHEZR (probability)
SEE R RCIEFE Swiss Wk HUGHCHE B = ) 25 A
SARREN B AR R ) A
1.4 HER7-$ES-FERMNEIEER

K Cytoscape 3.7.0 FAFH W = A ik 14
& BB crocin-1 . crocin-2 AHIK H AR 4 -FE AL
(component-target, C-T) M%%; K H bx ks AH I HE
RS CTD #¥E B, o 8 s A SC s EAT Tl , ik
USRI ZH 43 4% (genome frequency) KT 1%01)
P, FEERE - (target-disease, T-D) 4%,
FIH Merge Thag &I C-T W45 T-D 4%, e H
b B 73 -#E 55 -9 (component-target-disease, C-T-D )
MR, B DL E bR B R AR A
32K A (node), i RAIMHE R R (edge)
75 o M 844 Network Analyzer T REREAT 2% 93 #T
PLEEMH (degree) HIR/NBRTT MRS, PAA5L
i (betweenness) ik 4T .
1.5 EEZKIE (gene ontology, GO) EE5HH%
ESBBTHh

DA #4555 [R] 24 1) T O 05 4 18 23 () A DL
5% 3N CTD Hdi |22, 0¥ R kAT GO ‘& 2 548
KAG T HEE M. GO ‘&4 HT Ontology A ik
“ALL”, X Biological Process. Molecular Function.
Cellular Component 3 /M40 H#E47 A 1H = 48, LI #E
MEIDIRe AT, PAEWEN/NT 0.01; 5 5@
i PAEE NN T 0.01.
2 R
2.1 BEFRASTER ST

AR AT S R BoR, 10 S X AHE
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FZMH, W= X A AL R LR crocin-1.
crocin-2 F & B T HAR M X (P<0.05), #MAHE
FLIEHL crocin-1+ crocin-2 154 H bRk 7 3H 47 #0524
PR ) T B T . AN TCMSP 3R B H #5 5 70 1Y
ADME % W.3E 1. HFrmsr7E STITCH ¥ P Al
SWISS ##s 3L fitii#5 2] MAPT. KDR. FLTI.
FLT4. ADRAID. GCGR %5 18 M5, $EA 4K,
FEHF#FK Uniprot ID. VLHCHEZR S R WK 1.

#=1

22 - R-ERMEES S

fgE C-T-D M, b s 38 Ml (2 A4NH
FREAT 18 ANHE AT AN 18 Fhsi ), AS[RI e Y i
SRR BAR . AR A A O, AR
SHZ A EAER, s KM AR, 1
POAHAIR IS N EUE R, W 1. s SRR,
AT e AE K7 2 (FGF2). M8 W A KR
T A (VEGFA). &Rk (KDR). 1% N

TS S ER T RBERER

Table 1 Information of potential targets from characteristic high-content active ingredients of G jasminoides in Zhejiang

&Y OB%  Caco2 BBB DL s HH Uniprot D PLFCHESR/%
crocin-1 706  -464 643 012  microtubule-associated protein Tau MAPT P10636 11
7.06 -4.64  -643 0.12  vascular endothelial growth factor receptor 2 KDR P35968 8
7.06 -4.64  —643 0.12  vascular endothelial growth factor receptor 1 (by homology) FLT1 P17948 8
7.06 -4.64  —643 0.12  vascular endothelial growth factor receptor 3 (by homology) FLT4 P35916 8
7.06 -4.64  -643 0.12  alpha-1D adrenergic receptor (by homology) ADRAID P25100 8
7.06 -464  -643 (.12  alpha-1A adrenergic receptor ADRAIA P35348 8
7.06 -464  -643 (.12  alpha-1B adrenergic receptor ADRAIB P35368 8
7.06 -4.64  -643 0.2  glucagon receptor GCGR P47871 8
7.06 -4.64 643 0.2  C-C chemokine receptor type 6 CCR6 P51684 8
7.06 -4.64  -643 0.2 glucagon-like peptide 2 receptor (by homology) GLP2R 095838 8
7.06 -4.64  -643 0.2 glucagon-like peptide 1 receptor (by homology) GLPIR P43220 8
706  —4.64 643 0.2  gastric inhibitory polypeptide receptor (by homology) GIPR P48546 8
7.06 -4.64  -643 0.12 fibroblast growth factor 1 FGF1 P05230 8
7.06 -4.64  -643 0.12 fibroblast growth factor 2 FGF2 P09038 8
7.06 -4.64  —643 0.12  vascular endothelial growth factor A VEGFA P15692 8
crocin-2 1.65 -3.48 =536 021  microtubule-associated protein Tau MAPT P10636 18
1.65 -3.48 -536 021  vascular endothelial growth factor receptor 2 KDR P35968 17
1.65 -3.48 =536 021  vascular endothelial growth factor receptor 1 (by homology) FLT1 P17948 17
1.65 -3.48 =536 021  vascular endothelial growth factor receptor 3 (by homology) FLT4 P35916 17
1.65 -3.48 =536 021  alpha-1D adrenergic receptor (by homology) ADRAID P25100 15
1.65 -3.48 =536 021  alpha-1A adrenergic receptor ADRAIA P35348 15
1.65 -3.48 -536 021 alpha-1B adrenergic receptor ADRAIB P35368 15
1.65 -3.48 =536 021  glucagon receptor GCGR P47871 15
1.65 -3.48 =536 021  C-C chemokine receptor type 6 CCR6 P51684 15
1.65 -3.48 =536 021  glucagon-like peptide 2 receptor (by homology) GLP2R 095838 15
1.65 -3.48 =536 021 glucagon-like peptide 1 receptor (by homology) GLPIR P43220 15
165 348 536 021 gastric inhibitory polypeptide receptor (by homology) GIPR P48546 15
1.65 -3.48 =536 021  V-type proton ATPase subunit S1 ATP6API Q15904 15
1.65 -3.48 =536 021  protein kinase C gamma type (by homology) PRKCG P05129 15
1.65 -3.48 =536 021  protein kinase C beta type (by homology) PRKCB P05771 15

OB-FURAEMFIHEE  Caco-2-/MNp R AfZEN:  BBB- MU @& DL-J251E

OB-oral bioavailability Caco-2-Caco-2 cell permeability

BBB-blood-brain barrier permeability DL-drug likeness
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Fig. 1 C-T-D interaction network

AR 524 1 (FLT1) 4 N0 5 R4 5
EHEFERT, MRS i, RUIEATA RE
F& H AR 7> 24 BRAE RO R AZ Co B s 0 19 R,
O IfiL & ¥ 9 ( cardiovascular  diseases ) « A 98
(neoplasms ) Y1k RS i (digestive system
diseases ) LA Je M WA PR A HH R G Wi (female
urogenital diseases) [P 5 s BEAEFEA SEHT, KA
H bR AT e X LS KA 25 B EH .
23 YIRS EEON

231 GO E&EHT  F B bR T H ) 18 N4
M CTD ESFF 6 32547 GO & 4273 Hr, 3RHEL
HI A Y % b £ (biological process )~ 4 i 2H 43
( cellular component ) Fl 43 ¥ I G ( molecular
function) EHEELR. GO BEEMNERER, HA
AR, |AS S (protein binding). FHE
FHLAL Canion binding) FEKKAEINT LGS
(carbohydrate derivative binding) 5 ELBIEK, T
2; fEHA S, 20 (membrane) FI4H T
JEi (plasma membrane) ¥ HEEZL, WK 3; 7511
AeH, 4 it #2 Ccellular process) . AR i #2
( metabolic process ) I 4 #  7  ( biological
regulation) TERRH, WK 4.

232 fETEES EEERESTSERER, B
B B3 TH0I HH 1) 18 AN AL I 68 25 AH IG5 Bl
%o AR 67 FACUTEEL, LI FFII 4 IR

(1) 20 26 AHOCAE BIEER AT 704, ¥ 5 5 P2,
H5(E S FMCHEEA 12 %, 5E 557 &
FHEAE A @A 2 45, S5 AHCRIER A
3%, SYIREEMHCHIERE 14, 5EILR%
FHRIIEER A 2 %, AT RN 2.
3 g

LM i 5 R IO R R R B T A U
JE B i ol R T2 RGN ZE 40 2% £ B T A i i R Y
A= MR BE AR FLAE B 2097 2R 5 5 3
FEHE YA DG, A CHEARE) B “BHAL,
g [ sk U0, R[] ) b odE A A K AN R 24
s ASIE] 0 2 P AN [R] 72 b B A S IR SR A A 38 B
PEZESR . RIFEME GO, HEsRas. WA ma
TpFE s Al R A X, 3 4%, ASAI X H E
W, BEKE. LIEERMAAMHERR, MM T
REFMAES RGN, AEESRGE N
IR A o i S 2 3 S 5 TR AT AE 220
KM= S & E s &' A—H
AR AR A v 24 B A AT I AR A, T X AN ]
FEHL A (W 2080 S AU >, S,
A5 O Ak AL AR 2T, AN IR PR 2 4 B A A
AR B I R T AN [R5 B A0 d I 22 B
ZpEA R, M EARGEER, WEH
2y PR AT AN [P M 25 6 1) 25 B 2 F e Al
PR, T EMNRE P AS[R 245 B4R AR K
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Fig. 2 GO enrichment analysis for target components (biological process)
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Fig.3 GO enrichment analysis for target components (cellular component)

cellular process ®

metabolic process ° R

biological regulation .14

organic substance metabolic process . e 15
regulation of biological process ® 16
cellular metabolic process ® e17

primary metabolic process ° ®13

regulation of cellular process ~1gP 18
nitrogen compound metabolic process . 14
macromolecule metabolic process ° 12
response to stimulus 10
cellular macromolecule metabolic process ° I 8
multicellular organismal process 6

cellular response to stimulus

015 020 025 030 035
BHRHET

4 BiFES GO EES-57FIhEE

Fig. 4 GO enrichment analysis for target components (molecular function)
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Table 2 Classification and information on target components-related pathways

N % PfH FHICH A 4
signaling molecules and interaction ~ neuroactive ligand-receptor interaction 1.28X 107" 7
cytokine-cytokine receptor interaction 7.53X1078 5
signal transduction signaling by GPCR 1.25X107 12
GPCR downstream signaling 1.91X107"2 10
Rapl signaling pathway 1.18X1071 8
Ras signaling pathway 2.22X 1071 8
GPCR ligand binding 5.78X 10712 8
signaling by VEGF 5.14X1071 7
PI3K-Akt signaling pathway 4.07X107° 6
gastrin-CREB signalling pathway via PKC and MAPK 1.93X10°8 6
calcium signaling pathway 1.02X10°8 5
MAPK signaling pathway 5.66X1078 5
VEGFR2 mediated cell proliferation 6.00X1078 5
VEGFA-VEGFR2 Pathway 2.04X1077 5
human diseases EGFR tyrosine kinase inhibitor resistance 1.55X10710 5
proteoglycans in cancer 1.82X1078 5
pathways in cancer 4.94X1077 5
cellular processes focal adhesion 1.61X1071° 6
organismal system salivary secretion 3.00X10710 5
vascular smooth muscle contraction 1.35X107° 5

IR . AU AT AR SRS T R SCER
BE7 R & 8 s, RABRREERTTZ 0. ERr
I BT RIS IR I3 W 7 1250 & AR AT Z R A R BV
M, 13 BIAS R 7= X 2 MR AR PR 2 B B B D
X FAZBATHE, % S HAh = PR 3 =
T 5 AHIEFUIE T X 4% 25 30 2 B 58 5 1 G- R AN ]
X2 RHAE I o A o B G S (55
T PR FIB 2%, e X % 245 B 27 5 1 B FH 381 2
V22, PR AN R X rh 24 B I ) 2 AL A A
T IR

AT TR AT EASE IR 25 5L, XL = X AR+
M AT GT, e MR AR M B A A R B
crocin-1. crocin-2 £ H¥rE5, #JH STITCH.
SWISS Tl 15 2] H A5 5o #HCHE i 18 4N, K 18 A
TSN CTD g FEU3), S8 s A 5 47 T
W, FAH DGR p I R 23 e | v BMIHE S P, 1EEX
SR H R KT 1%09 18 Fii, e C-T-D
WRESARAY, N2 p A BEAE Y, 25 SR s 4y S
FGF2. VEGFA. KDR. FLT1 ff75E00; Bk A

W, D IUEER . IR TE A RGO DA Lk
JRAETA R G PIRHN SERT, R IAWTTLZ X MG T2 14
FREE S & 2 i crocin-1. crocin-2 7] fEiE T
FGF2. VEGFA. KDR. FLT1 %5 18 /NE/ESE 5%t
OV PR Ak R Ges5c0s LA B Lo i R A=
P R0 RIEAE o AEFR 2B, BE XS
VL= XA 1 25 80 S TT , B 5 T o L85 2375
PURRE . PUIHA RGN B LoVl IR A58 2 Geiv
JUATNTF; FHCZEAE ML SEEA 78, P
FGF2. VEGFA. KDR. FLT1 % 18 INE/EH AT

T IRNTZ IR Ha AR v 2 B oy BRI
ZYEZIEAE NG, 9 AR SAS T IE B S A T
REMIAH DG SEI 0t S PR bR, AR AREAT T GO &
SN RE RS B T, 45 SRR A DG SR R £
H 5 15 58 2 32 B G B AR IBZ AR N T 1)
{E5iE% (GPCR). Rapl {55 1HE (Rapl signaling
pathway). Ras {55 (Ras signaling pathway ).
A W EAKRE 5515 F (signaling by VEGF).
FiEPE (focal adhesion). HWEARMENLEE 3-Wi- & H
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Wl B {5 518 # (PI3K-Akt signaling pathway). &
FIE C (PKC) M2 FIHALE A (MAPK)
I3 ) B W R - R SN o R4 A B 1 (CREB)
{551 (gastrin-CREB signalling pathway via PKC
and MAPK). MEJR ;¥4 (salivary secretion) LA IfL
B4R (vascular smooth muscle contraction)
&, XEFS5 @MY, GPCR &F 5 A] WO I
I IR IE-F I AR 50 I i A
K; Ras 5 Rapl 2R IF A= FEAHLL, H1AN Ras
(s i g AL Rapl ML ZIEE, Ras
TE V28 21 35 5 A0 A A7 1 245 5 s A Hp Ak T At
AL E, T Rapl FEEIEAIMAIRE . Mo lm] bz
TERG AR i e SN, Ras (5510885
Rapl {5 5@ A SRS i KA PI3K-Akt
5 S IR 2R PKC A1 MAPK 41
B WA Z-CREB (5 5 8 i Al e i 43 b 5 VH AL R G
JiAH I

B 55225 SR MNP 2% 22 B 2 A BE 4R 7 1 L2 XA
TR i B B B DGR . R 253
1 FH B D B A 4 4% DA R T 0 1 S s R Y, )
TP DX 2% 24 B 5V FH B 2 BRI, N
PREA R =X NG 7250 2 e 258U IR S5

SE R
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