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Chemical composition analysis of Salvia chinensis based on
HPLC-Q-TOF-MS/MS method and its network pharmacology
exploration in the treatment of gastric cancer
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Abstract: To identify and analyze the main ingredients of Salvia chinensis and to explore its therapeutic
targets for gastric cancer, HPLC-Q-TOF-MS/MS was used to analyze the water dissolved compositions
in Salvia chinensis and the TCMSP platform was used to screen the potential active ingredients. The re-

sults showed that a total of 48 compounds were identified, mainly including phenolic acids, flavonoids
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and other common substances. And among 48 compounds, there were 9 ingredients owning excellent in
vivo activity. The therapeutic targets of the active ingredients were obtained by searching the Swiss Tar-
get Prediction database, and then taking the intersection with the gastric cancer targets retrieved from
the DisGeNET database, a total of 18 targets for the treatment of gastric cancer were obtained. GO and
KEGG pathway enrichment analysis using DAVID revealed that the components from Salvia chinensis
involved 48 biological processes (BP), 8 cellular components (CC), 27 molecular functions (MF) and 8
pathways in the treatment of gastric cancer. Finally, STRING database and Cytoscape software were
used to construct a PPI network. The results showed that target proteins such as EGFR,CDHI1,CT-
NNBI1.PTGS2.EGF, etc. played a key role in the PPI network. It can be concluded that there are vari-
ous active ingredients in Salvia chinensis, and they can treat gastric cancer mainly by inhibiting prolifer-
ation, migration, inducing apoptosis, reducing drug resistance through drug reaction, plasma mem-
brane, enzyme binding, etc.
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Fig. 1 Total ion flow diagram in positive (A) and negative (B) ion mode
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Fig. 2 Secondary mass spectrometry of Danshensu(A) ,Rosmarinic acid(B) ,Salvianolic acid B(C) and kaempferol(D)

3.1.2 wEAE EERMEWERIG TS TH
BLAE R TR, —ERA C6-C3-C6 iy HA
BERZSEH AW EAE A UL 2 v e 15 3 Y R 2 )
T EEA - 1L A5 By (kaempferoD) (i Bz 2-3-O-#i %5
B T L2 -3-O- R A A R % L 2% 13-3-
O-H W

B B 4544 43 M LG Re35. 52 min ],
PREA I ] 35. 52 min, SRAGHE ST 1 B F 1§ m/=
287.0551LM+H ™ , AR 41 5040 22 VG C i1 11 43 F 5K
A Cis Hio Os s K53 F 1R 250 0. 3 ppm, 3l 1 %
PR BRI TA] VB g 15 B & 275 SOk 14 13 B W)
AU E 1 25 By (kaempferol) , — 2% 5 3% (& UL &
2D, EEBE T m/z 153[ M+H-C;H O, |T 2
4 F 55 F m/= 287. 0551 [M+H]" C 3 |-
RDA Z@ %, m/z 121 [ M+ H-Cs Hy O,-CO, |+
HI BB F m/z 153 i — CO, =48, S A g ohaf
T HAD B 2 m/z 213.m/2 165.m/z 157 .m/z
137.m/ = 135 4, 5 3CHRHE — 2[R 34 15 3
Wi e ZR-3-O- A T L 1L A8 3-3-O- ) 4 W TEE
PR K LLI 2% 193-3-O- ) 26 W 1 25 B R 28 1 A
3.1.3 HAb GiAh, A WZEHIA Y E T A
HLER » A0 45 2 FE T B R (madecassic acid) | fi 2R
g =5 HR (goreishic acid) . fHE KL (asiatic acid) .
B[R (Arjunolic acid) ; & & Z %4, 045
6-¥2 57 T K (6-Hydroxycoumarin) . 8- & &
% ( 8-Hydroxycoumarin), 7-# 3 & & & (7-
Hydroxycoumarin) 8¢ DL M 2 FL R 25 W) 5 Un 6,22 iR
(tryptophan) %,

3.2 ARFEERS KRBT BEEASH
3.2.1 BEFEERGILFHEEFRRYHLE &

DisGeNET FE#: 2 (HR#E Uniprot ID S sEE

D AR5 3770 A~ BB AN L 7157 sore gad
M-I, T %6 HY sore gad=0. 049552 Fit) 35 s L i,
3 740 A WM BT I i b 2 5 45 R AE TCMSP %%
P PR R AR e i 3245 2] 9 A~ B RIFAEY)
TR A, A LR 2.

x2 ARFHENFERSE

Tab. 2 Salvia chinensis in vivo active ingredients table

' A% FR MOL ID OB/ % DL
1 Wi MOL000223  25.76 0. 05
2 T-HREFETE MOL002558 27,37 0. 05
3 F&% MOL007134  36.91 0. 06
4 LR MOL001452  38.35 0.03
5 R i MOL000360  39.56 0. 06
6 LR MOL007253 41. 38 0.71
7 L Zs MOL000422  41.88 0. 24
8 FHBR ] MOL007142  43.38 0.72
9 541 MOL001780  75.93 0.08
3.2.2 BIFEWRSET B R LSS

A DL ZETEPE 5 B SMILES 25 #4) Ft i) #2 55
{1 Probabillity TOP20 {1 Jy 18 78 i ¥ 18 43 1) Tt
PSS B P R OB B AR DS TR P AL
IR B AT TERE R 18 A, BRI 3.

3.2.3 GO g Ko # 5 KEGG @35 K45
GO\ E BRI A WH e B RIRT bty
K3 48 A AEYL AR (BP) L 8 A4l AL 43 (CO) LUK
27T o T UIRE(ME).

AW R T A LR S B 25 4 N (Re-
ponse to drug) . 40 I 25 ¥ )z i (Cellular response
to drug) . 4 A 3 44 85 U v 5 & i (Cellular re-
sponse to fluid shear stress) . 2 [ it 73 i A i i
TR 171 845 (Negative regulation of protein cata-
bolic process) . JEfiGHE A (Embryo implantation) .
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*3 ARFEERSETBEENES
Tab. 3 The therapeutic targets of Salvia chinensis active

ingredients in the treatment of gastric cancer

g o U PRRAH  Score_gda
1 EGFR 1956 P00533 Kinase 0.4
2 PPARG 5468 P37231 Nuclear receptor 0.4
3 PTGS2 5743 P35354 Enzyme 0.4
4 AHR 196 P35869 Transcription factor 0. 36
5 FBP1 2203 P09467 Enzyme 0. 33
6 ALOX5 240 P09917 Enzyme 0.31
7 ADRBI 153 P08588 G-protein coupled receptor 0. 3
8 FYN 2534 P06241 Kinase 0.3
9 HTRIA 3350 P08908 G-protein coupled receptor 0.3
10 PREP 5550 P48147 Enzyme 0.3
11  PTPRF 5792 P10586 Enzyme 0.3
12 CA1l 759  P00915 - 0.3
13 CA2 760  P00918 - 0.3
14 ESR1 2099 P03372 Nuclear receptor 0.1
15  MMP1 4312 P03956 Enzyme 0.1
16 MMP2 4313 P08253 Enzyme 0.1
17 MMP9 4318 P14780 Enzyme 0.1
18 ABCCl 4363 P33527 Transporter 0.1

— AR A& S R IE PR $E (Positive regula-
tion of nitric oxide biosunthetic process) | i J5 43 i
A3 FE (Collagen catabolic process) X MR Z I
1 (Response to estrogen) 284 Wi FE 34 TR
MMILH 43 7 T8 - A D58 % J 5 (Plasma mem-
brane) . 40} 5 ( Cytosol) | & JiS #Mll it i (Basolat-
eral plasma membrane) \ 4l g Jfi 4% J& IX. (Perinucle-
ar region of cytoplasm) , 8 1 J5i 4l ffd ¥ & i (pro-

Biological Process

teinaceous extracellular matrix) . T ¥ i il ( Apical
plasma membrane) , 4f ffi #% (Nucleus) | 21l fifd & Bl
(Extracelluar space) BIVE 4k i 2%

S F U fe 5 . A UL gE 32 G o Xl S
(Enzyme binding) .2 145 % (Protein binding) .4f
B 454 (Zine ion binding) \RNA B4 il 11 % 5
PRI 3% P R TEC AR D30T 19 T 91 4 S M DNA 25 5
(RNA polymerase ]| transcription factor activi-
ty, ligand-activated sequence-specific DNA bind-
ing) . ATP Jif % M5 ¥ i 5 iz 8l (ATPase activ-
ity,coupled to transmembrane movement of sub-
stances) , fH [6] & 1 2% & (Identical protein bind-
ing) .S FhiEi ATP B P (Xenobiotic-transpor-
ting ATPase activity) . 75 7 li5 B 7% P4 (Arylester-
ase activity) .4 J& PN K 75 14 (Metalloendopepti-
dase activity) 550 F I RE & 4% B FGI P E M.

KEGG & Etras REW. L5 B E
TCOGIR B, A WZEAE B RR YT T K 8 4538 .
T A VR A IR R HE 44 T 1% 38 RS R Sy I e i
(Pathways in cancer) . % [ff i% 42 ( Adherens junc-
tion) M1 R {5 5 7% 1% (Estrogen siganaling path-
way) . ABC # 3z & (ABC transports) . [ 982 i /)N
RNA(MicroRNAs in cancer).

i/ R & FH GO 40t 5 KEGG 43 Hr 45 21
(% p (ETHFHED] TOP10) 439112 ) i < L 1A
AR MEEEER BN Z D, s 25

IRRAEIE D B 4R A BRI ILIEL 3).

Cellular Components

~log,o(P Value) - ~10g10(P Value)
Response to drug . 25
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25
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9 ® ® 1 Adherens junction ® o
Zincion binding [ ] @ 5 °
n I 6
RNA polymerase Il transcription factor activity, ligand-activated sequence-specific ONAbinding { ® ® 2 Estrogen signaling pathway * o
ATPase activity, coupled to of . ABC transporters .
\dentical protein binding{ @ ~logo(P Value) MicroRNAS in cancer ® ~logso(P Value)
40
ine- n *
Serine-type endopeptidase activity a5 Bile secretion
Xenobiotic-transporting ATPase activity| * . 25
30 Proteoglycans in cancer °
Arylesterase activity] ) 20
Metalloendopeptidase activity| @ 28 Serotonergic synapse 5
1.

00 02 04
Gene i

06

B3 GOZFEME KEGG #@%'s Eoia el
Fig. 3 Bubble diagram of GO analysis and KEGG analysis
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.24 “HG-RAMEMERNTMLME KA
HEEAHEAER (PPD R 25 & rp 243 5745 5 (node)
35 1, i1 (edge) 150 4%, 377 5 (average node
degree) iy 8. 57, 3 Jm# B 25 & 4 (avg. local
clustering coefficient) & 0. 65, PPI F & P {H (PPI
enrichment p-value) <<1. Oe-16. 72~ 3 i i3 #f “max
number of interactors to show 1st shell”i% & “no
more than 10 interactors” DA R 5% 8 11 A B.AE
FHRFR 45 R BoR b T4 0 i & TopS B #E &L H
EGFR(23),CDHI1 (20), CTNNB1 (19), PTGS2
(19) .EGF(18) . §75 HoAE PPT [ 4% rp & 445 OC Bl
PEH. (L 4.

Fyn CCNB1

CDC20

ABCC1

B4 BIRFEITHRIEE PPIA
Fig. 4 PPI map of targets of Salvia chinensis in
the treatment of gastric cancer
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FIF HPLC-Q-TOF-MS/MS $; A 7] L) 15 5|
TR R BE I S A AR AL S W 4 A
B L BRI IT L5 G SCHEREE - T3S HEAf 19 2 PR AH
KAk 14y, I, HPLC-Q-TOF-MS/MS i T
TG P 2E H 5 ] Ry v 24 22 41 4y S e ST B A T
SRR, A T RN FH AR AR S
[FJ R 25 T A7 P A 8 A, B R AR B E R Y
T S A DL ZE K SRR il B TS e M 2
FLfth, — RS R ER N LAY 0 T 25 b B
Bl AR AESE T — TS R 4 R AF SR |
FEXS RS S A AT A PR B A S AR G
AR LR S SRR 5 DT A DL 25 6 KR T R 2K
B A8 MU Yo, ARG T XA
ZE IR BRI 53 A DR i M A3 BT+ 2% 7 vk PRk | T
R Ry A DL EE T s ] L 253 I PR R

ST B BLA.

AT SCHREL B T A DL 2R B MR T Y
AR AR 5 HK SR WA T o AT oM
135 48 Fh ik Bl 43 S BA A UL 28 18 53 W 5% v il
Wi 41 TR o i 22 IFSE. TR , ZE3RAT T
W R T A g i B AR LR T
JSeE 53 GNP S 2R R R R LI AR A, 5 I ]
B A WL 2R R A 55 1A BAYR T 15 988 I R 2%t
WSRO E LB 25 ). (RS e
o 4 ] 44 H B X PR PR AR 4l 15 8 DL R 1Y
FEASRHIL 80T - 22 AR I DR S B i B o ).
IR 8 4F g A 489 Bl AT 9 A~ HME
BB 2 o KA E K 8 R A7l & TR
RFSE T IR SEAE R R I AR S B Rl
SAbYT A B W] {5 % e B KURG: T B 32. 8040 (P =
0. 004 2) s JLHXFF 5 9 I W85 . B R % XU
FRPFRET 34. 7% (P=0.007 2). A J71897 B
Il PRIT R 2 A O 2R R4l h i S B MR 2
Wy, IR YT B R IS PR o A R LA R R
Pt PRI FEXTIZ A 2557 43 B Bl FRoA Ti I 2%
PARE G Tk T 9 N EA R AW ais v
LG LU B IR YT WS 4L 308 T A WLEF
TR AT B R0 18 NV AE S0 A5, UL 24
A 4 EGFR, CDH1, CTNNBI, PTGS2, EGF
S5 X BERE TR PPL B p 406 TAZ O B i
ZEAMBEAER M EZILHE. K, EGFR FiE Xt
B AR R R O A2 2 MY B R LA T
Rt ik HER, JUHJE EGFR fil HER2, HAE H
IE ) 20 L3 B RS S v L OGBS DLk 3%
RIS AR B ZFh b 24 )i 43 W] AR 8 s 2
Mot EGFRmRNA 3k, #1596 240 M 09 38 58 Fn
T, HiE S H I 0. EGFY b i i n]
P23 5 9% 40 M 3T F%. DL EGF-Grb2-DENNDIA-
Rab35 {5538 % 5 DENNDIA fil Grb2 )41 5 E
FHAT LA B s 20 B ) RS PR 28, 76 A W EZEIRYT
T i 03 % 1T KEGG & & A il 17 8 458
P L HoA RN % L ABC s R AT
F Iif ok R s TR EEGE . RN PR RS T
CREBBP.EP300,CDH1,CTNNBI1,EGFR,.MET,
TGFBR2 1 ERBB2 45 £ 5 K J# 4%, Ge 551 3 13
X 78 i R M R R AL 4 A L AL L 43
Bk BRAERG i B2 2 v BT — B 2 A RAE
BEBATI SRR ABC Hislhk 2 5 H
Tt 22 27T 25 B UTAH G I i ia R B 0 o 32
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