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Study on anti-liver cancer quality markers (Q-Marker) of Sedum emarginatum
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Abstract: Objective UPLC-Q-TOF-MS/MS was used to analyze the chemical composition of ethyl acetate in Sedum emarginatum,

and the predictive analysis of quality markers (Q-Marker) of anti-liver cancer in S. emarginatum was carried out combined with
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network pharmacology. Methods The chemical constituents of ethyl acetate fraction of S. emarginatum were rapidly identified by
UPLC-Q-TOF-MS/MS. According to the screening principle, the active components were determined by Swiss ADME platform.
The Swiss Target Prediction platform was used to predict the component targets of S. emarginatum. The GeneCards platform was
used to obtain the related disease targets. The Venny platform was used to obtain the intersection targets of components and diseases,
and the 'active component-target' network was constructed. The protein-protein interaction (PPI) network was constructed by String
database and Cytoscape software, and the core targets were screened. Gene Ontology (GO) function enrichment analysis and Kyoto
encyclopedia of genes and genomes (KEGG) signal pathway enrichment analysis of potential core targets were performed using the
David database. Molecular docking technology was used for verification. Results A total of 58 components were identified from the
ethyl acetate extract, including 23 flavonoids, 16 organic acids, four phenols, four coumarins, two terpenoids, and two phthalides etc.
A total of 39 active components and 140 drug-disease targets were screened out by network pharmacology. Eighteen core targets
such as AKTI1, EGFR, STAT3, CASP3 and ESR1 were screened from PPI network. Enrichment analysis showed that S.
emarginatumm played an anti-liver cancer role mainly through cancer pathway, PI3K-Akt signaling pathway, microRNA signaling
pathway in cancer and MAPK signaling pathway, etc. Molecular docking results showed that there was a good affinity between the
predicted Q-Marker and the core targets. Conclusion This study preliminarily clarified that S. emarginatum played an anti-liver
cancer role through multi-component, multi-target and multi-pathway. It was predicted that kaempferide, isorhamnetin, kaempferol,
quercetin, luteolin, apigenin and tricin could be used as Q-Marker for anti-liver cancer of S. emarginatum.
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Fig. 1 Total ion flow chart of ethyl acetate fraction of S. emarginatum in positive (A) and negative (B) ion modes
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Table 1 Analysis of chemical constituents of ethyl acetate fraction of S. emarginatum
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L et 8 7 A1 227.0357
ﬁ[uj
42 12.046  WMHEEZ 2FESY [M—H] 207.0663 207.066 3 179.034 4.135.0452.161.024 4 S
43 13.029 i B R0 [M+H]" 303.0499 303.050 1 0.7  303.049 9.285.039 1.257.045 4.  #{2k
229.050 7.153.019 3.137.024 7
13.048 it g 1530 [M—H]" 301.0354 301.0352  -0.7 301.035 1.151.003 5 eSS
44 13987  KRBEEERDE [M+H] 287.0550 287.0549  -0.5 269.046 3.213.056 1.153.018 9 #f
45 14790  1,5-—undERE [M+HIT 517.1341  517.1363 43 135.118 1.319.215 4 AP
RN
46 14.997 F4s 245 [M—H] 431.0984 431.0975  -2.0 285.040 1.151.003 4 S
47 15.856 S RDT* [M-+H]" 271.0600 271.0604 13 271.060 1.243.066 8.229.049 8.  Hif%

163.040 1.153.019 2.145.029 5.
119.050 2
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F1sD
oo W/ BT miz R I et
w5 in &Y Bist TRl T (X109 B (m/2) el
15.839 S [M—H]" 269.0454 269.0453  -0.5  269.0451.225.0558.183.045 1. ¥k
159.044 9.151.003 6.121.029 4.
117.034 4.107.014 0
48 15993  dgitggNEETSY  [M4+H]™ 3150500 3150497  -0.8 297.064 0.287.057 2 HERE
15975 AN EE™Y  [M—H] 313.0353 313.0355 0.6 298.010 7.270.018 1.242.020 5 FHHE &K
49 15995  RERZFERM* [M+H]® 317.0656 317.0657 0.4 302.043 8.285.041 2.217.051 3, [
203.034 3.153.019 5.121.030 1
50  16.211 IR Sk [M—H] 299.0561 299.056 1 0 299.057 5.284.033 4.227.0356  FEHE
51 16.358 i Rw [M—H]  329.0667 329.0664  -0.8 314.043 1.299.019 5.271.024 7. #fEAK
243.030 7.227.034 7
52 16.683  lupinalbin A [M—H]~ 283.0248 283.0249 0.2 255.0302.227.034 7.183.045 6 Bk
53 19.406 S7E [M—H] 253.0506 253.0508 0.6 253.050 6.209.154 7 B S
54 20024 KEEGEKE [M+H] 387.1074 387.1083 22 387.107 8.371.077 4.357.063 7. MK
326.0812
55 20.136 JIFERz ) [M+H]" 403.1388 403.1393 1.3 388.116 8.373.092 4.355.082 5. [
327.087 5
56 28747  RIFHER®R'  [M—H] 4713480 471.3493 2.7 427312 5.393.183 6 [EES
57 29499  WUE/NEERSY [MA4-HI® 340.1543 340.1531  -3.5 340.350 0.149.134 1. A=W
58 29.649 R FR e [M—H] 2772173 2772162 -39 277216 0.259.207 0.233.2270 HHLEK
#3277 15 % FE i EE R

*Indicates comparison with reference standard.

xR2

MAt 5= REGER 2 BR AR AL iE 1AL 2 A B AT M

Table 2 Pharmacokinetic evaluation of active components in ethyl acetate fraction of S. emarginatum

G5 WwEaRy Kbk 24N Glabsorption | %5 fkaWIARR MR E A% GIabsorption
L1 JIRPEE S 3 High L21 BAETR 3 High
L2 S 2 3 High L22 SE Ry 5 High
L3 TR 3 High L23 BN 5 High
L4 WETI]R 3 High L24 NG 4 High
L5 R LA R 3 High L25 -4 = i 5 High
L6 IR 4 High L26 W kR 2 1 5 High
L7 Ji LT 3 High L27 N 5 High
L8 BB TR W 4 High 128 lupinalbin A 5 High
L9 XF 2RO R 3 High L29 RBER 5 High
L10 T B 3 High L30 iR 5 High
L1l RV OR 3 High L31 S 5 High
L12 AR 4 High L32 & 25 PN I 5 High
L13 i PR 4 High L33 RRER 5 High
L14 T-BRIEE R 3 High L34 EEES 5 High
L15 &M% 5 High L35 B 5 High
L16 TEHR 4 High L36 K EREWEE 5 High
L17 BETRR O 4 High L37 JI R R 2 5 High
L18 Pag TNy 4 High L38 BZ R 2 High
L19 BT 212 4 High L39 =R 5 High
L20 E R A NN 4 High
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(69.4%)

Lilip=wS JiT

2 "% F B A Venny
Fig.2 Venny diagram of the common target of 'drug-
disease’

TR TS5 R R 39 ANTE PR A3, 7N T B T
Xof NS PER S 4 5 (G5 W3R 1D, 1401321
55803 IR B BE . HR A degree {H [ K/, B
16 HHE 4 RT 10 [R5 14 1 43 1R 9 DG v PR oy, 04
AR EECR RBER R RVETE &
FEFERLEB OLER HRKNE, FE
W23,
3.4 PPINGKEMES

U 1 B AT R 2E AR ) 140 AN BE R 3N
String *F & , 14 2 PPI M 4% , &5 5L WL I8 4. FL3R15 140
AT E GRS E A M2 862 IO GEAMEAED .
2 Network Analyser 73 HT tF 5 &% 15 & (1 # 2%

3 MM RRERER ZBEERAL-E M - M &

Fig.3 Ethyl acetate fraction of S. emarginatum-active ingredient—target network diagram

RI XBEMMSER

Table 3 Key active ingredients information

He4 R 44 R WAEYYS  Degreefd
1 SE7EN L35 45
2 EALYAY N L15 44
3 RBER L29 44
4 AR L33 44
5 HiE R L34 44
6 i Bz 3% L27 43
7 FrRER L31 43
8 Ll 251 L23 42
9 xR L30 41

10 B AN L20 36

=S H, A degree {H 1 2 £5 o0 A2 508 BB HE 4T
i 35 5 e 28 Ui 1E 49 2 18 AN AH HLAE F A% O BE 5, 45

R4, BRI R P R
3.5 GOMKEGG DR

A5 U5 R AT 98 1 140 AN EE R S SN
DAVID %4 & #17 GO & H/3 #T fl KEGG 0 #r . LA
P<0.05 i 1k 264, 158 GO %% H 679 /> 1 KEGG
& H 1634, Ho GO % H B & A9 it 12 (BP) 487
A WA 5 (COT2A, 43 T UIRE(MF) 1204, BA P
EHEF J5 B E T 20 2% H 26 <K 5.6, 3k
ITIE B4 HT . 45 Eow , M52 R U 1 A il
i 3 2 55 20 O O AR R B B B R AL TS
P TE 1) R 9T IR I IR B R AL (B SR R 5 G
MRy FEEETZHEEEY A5 A%
JBE VA MR A3 S s o DhRe LS A R 2 H R/
TG PR /T S PR A v M L ATP 45 4 L R 1 T T 1
HARG A EKE T4 5%ML. KEGG &£l
6 8 SR 5 g RE % L PI3K-Akt {5 53l B L
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140 nodes and 2862 edges 18 nodes and 152 edges

4 M2 RFAFEZ S5 S PPI M 48 R 4200 80 & 5 ik

Fig. 4 PPI network and core target screening of anti-liver cancer intersection target of S. emarginatum

R4 BOBRER

Table 4 Core target information

HE4 L= ey FER LR degree {8
1 4 R/ 75 B FR IS 1 (serine/threonine kinase 1) AKTI 108
2 2% 7 A K IR 7 52 4k Cepidermal growth factor receptor) EGFR 104
3 &5 SR 0G5 R 7 3 (signal transducer and activator of transcription 3) STAT3 103
4 Jbe K 2 FIE 3 (Caspase-3) CASP3 100
5 WERL R 52 4% 1 Cestrogen receptor 1) ESRI 98
6 (K555 5 A 7 1aChypoxia inducible factor 1a) HIF14 98
7 I3 F1 4 A (serum albumin) ALB 97
8 Jir s 225 IR I U B2 — & U Sre (proto-oncogene tyrosine-protein kinase Src) SRC 92
9 41 i & 1 25 D1(G,/S-specific cyclin-D1) CCNDI 91

10 %K F-xB1(nuclear factor kappa-B1) NFKBI 89
11 140 g/ 2= -1B (interleukin 1 beta) ILIB 88
12 it S 2 Al 52 4 2 (receptor tyrosine-protein kinase erbB-2) ERBB2 84
13 FE 7 4 )8 & A 9 (matrix metalloproteinase 9) MMP9 81
14 22 Z4 iy A0 8R 14 3 (mitogen-activated protein kinase 3) MAPK3 79
15 HIZI R 2R i 540 ) & 88 2 (prostaglandin-endoperoxide synthase 2) PTGS2 79
16 22 2/ 75 % R B I3 mTOR (serine/threonine-protein kinase mTOR) MTOR 77
17 T AL W A 38 B 0 52 A4 y (peroxisome proliferator activated receptor gamma) PPARG 76
18 % % ADP 1Z FE X A1 1 (poly ADP-ribose polymerase) PARPI 73

H BN RNA (S 5B % . MAPK {5 S B 5 AKTI (PDB ID: 2UZR) . EGFR (PDB ID: 1A3P) .

KRR LS 5 8 % Ras {5 5B B AH < STAT3(PDB ID: 1BG1).CASP3(PDB ID: 1QX3) i
3.6 FXEEIIELER T X8, WaR 5. X WRIR, Fr A X #: 45

5 0 358 H HE 44 BT 10 1 S8R VG P R4 5 PPL I 4% 145 & RE3 /N T=20.92 kI -mol ™, 3% B S 5 1t 1% 43
o HE 4 AT 4 (degree 1 >100) [ 5% 8 K% O 48 2 5iX 4 A BEAZ 080 R A R A BT 45 A R
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Fig.5 GO enrichment analysis of anti-liver cancer genes in S. emarginatum
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Fig. 6 KEGG pathway analysis of potential targets of S. emarginatum anti-iver cancer

J1s5EA R8N T-29.28 kI-mol ™ G 11 4, $~ Hi 4k AKTI1(-33.81kFmol DJ=FE5AKT1(-32.59kFmol ).
£V MR BT Horh 1 2525 5 AKT1(=39.92 kJ-mol ™). M5 AKTI (-32.55 kJmol™) « #i ff & 5
S RZE Y5 AKTI(-33.97 kI'mol™) . 1L &y 5 AKT1(=32.17 kJ-mol D45 & fE4)/NT-32 kI'mol ™',
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x5 XBEMHRSSXEROEBRNESRE
Table 5 Binding energy of key active components and key

core targets

B4 HE/(kI'mol ")

i A 44 ¢
AKT1 EGFR STAT3 CASP3
4% % (chrysin) -32.55 -28.62 -26.32 -30.21

4B 2, & (chrysosplenetin) —-21.76 -21.55 -22.59 -22.09
A B2 (luteolin) -26.36 -26.65 -28.45 -28.28
SR 2 &K (isorhamnetin)  -33.97 -27.70 -25.82 -28.07

T8 & (tricin) -26.65 -26.48 -26.48 -24.77
Hit B2 2% (quercetin) -32.17 -25.56 -28.91 -29.04
}3% 3 (apigenin) -32.59 -29.50 -31.00 -27.20
145} (kaempferol) ~ —33.81 -29.08 -29.92 -26.86
11128 & (kaempferide) ~ -39.92 -25.06 -28.41 -28.74

BT IR MG (sedanolide)  —28.37 -26.74 -25.40 -29.33

G Wx R R I 7. Fh AT 78 43 3 B 07 3 HY A
U] I 55 R HR ) 10 AN DG B TE PR R 4R 3 T 5 AK T
EGFR.STAT3.CASP3 # L& H 45 &, Wi K45 R
UF (0 R V5 1 o
4 g

IR 5 190 28 24 3 2 i 348t 1) 10 AN S0 B 1 1l
o, R B B R] DLd o 4 P R R M2 IE
1 (PKM2) Al NF-«B ) % 14 15 5 e 48 i % A4
R e R = I B F DN B
ST (1 388 G, L 40 R B L 5 S A R T
i 2 AL 0 ) BT 40 D SMMIC-7721 1 G,/G, 31 , 3]
AKT iH , B Caspase-9 MR BEAH i 200,
ez ] LLIE i #0041 Snail A1 NF-«B i #,34 Il E-cad
A1 Claudin3 7K *F, 3 9% /> Vim 1 CDH2 7K ¥, 1 75 1L

AKTL-AER

AKTL-Hit R %

7 SFXNREGENE (a-BEE;b-FHE)

Fig. 7 Molecular docking binding mode diagram (a-whole diagram; b-situation map)

gy i I A NV S AT 410 N JH e 40 Bel-
7402 fZZRAIERET . A3 FURIE, 1L 2% By m] LA
2 0L A g A R PR IR iR A 15 5 Hep G2 4 i 1A
TP 0 2 55 R AR 7 i 3 A A S A
2R 3R R 2 ELAT T e A N 0 S R 2 R B
AP TR . 3R AET58 F HPLC VA i 3 9 N
E IR R ZEM AR O RR RRERIAN
W &R T . FOAET) Wang' 18 ] HPLC i
TP AL IFRE T M SRR B R R R LR

T A R 25 2 B AW 8 7k . BE T A S AR
P, AR M SRR ER FRER LS
Ty M 2 2R AR R B ER LTS 2 A AE AR N
KU ) Q-Marker. 1M & MEZ &AM R i
PR N B H i i = 470 i 98 1 R0CER 1 SC ik A = 56 44
P S HE ORI AN BN Q-Marker 1751

R Y% KEGG i #% 1) 43 # , 2 B U i 55 R A AL
115 b IR R 9% i AH 5% 1388 1% , e A S8 % L PI3K-Akt
R EAFAEEYIBER . PI3K/AKt {5 53 4 7F i 17
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S B A7 AR IR I AR R S B AR
T R FEE AR, 2 S5 T VA S E S
W G FLR M AR K S PIBK/Akt {5
SIS OC, PISK TG 1 1) 4 5 2 P i 8 1 kA=
BJA OG5 T Akt R R A VR R E 7,
il Akt {5 5 388 2% 10 S0, T 00 ) g oRe ) 3G B A AR
U8 X B 9T i R B R R4 B ET R
50| PI3K/Akt {5 5B EE AT K. AKT1 N2 R R/
TR R B H I , 4 PI3BK/AKT 0% 5 72 A= B iR 1k
AKT (p—AKT) 2 3 1 {7 1 [ J67 40 Jfw 24 58 D g,
PI3K/AKT 5 ‘5 il i (1 #% 0. EGFR J& — Fh g &
I% WG %2 74, EGFR H & Bk 5 5 4 KK+ 524k
4k 4 1 (growth factor receptor—bound protein 2,
Grb-2) MR &Y BSR4 5, WS Ras 55 1, il
Erk1/2 B AL , B040 M3 54 STAT3 B3 T LA {2
g 40 B R s — RPN G I o T, AR
T B X BRE 3 006 STAT3 1935 4k 2k 5 38 T 44 M
G5 TR 358 N AT A P 928 3 1 o AT 10 ) T 200
PSR 1 2 2B % FE) . CASP3 S2 i Jed 4 i VR T 3R
1T A, WOE CASP3 ] DAE 325 6 248 Mo g 9 2, 10
il R A2 KT, BSRI A& — A4 A M 0 3% 32 4, T
0] FFF R 350988 5 2 S P A R S 1 R TR 2R R T
R ) 25 S I A O B R B L] I
KA , $00 1) JFF- e 200 M 1 338 5, 2 30 YT 9 400 A 1)
VIR g RiE— DA, otk
APEREZLOEORAREMNYE WM.

gx LT, Mk OR R EE 2 sy 2 2
T R AU R A AR L AT B S e AE 8
% PI3K-Akt i #% \MAPK {5 5 8 4 555 5%, 4125
WML ER  FREROEm MR RRE
RO RRMETE R 7T TR N SR B
Joi 1) Q-Marker. 31X 7 N1 14 B0 380 R BB 2 840
EH Ik A1 R A I T P R R4 G e T e AR R 1 0%
Ry KB BE T o AT R HE— 2
B [U] 1+ 5% 5 0 JFF 96 1 Q-Marker &% 4 FH AL i) 452 (1L F
FLT7 A R B SRR
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