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Abstract: Objective To explore the anti-hepatocellular carcinoma effect of Sedum emarginatum on H22 tumor-bearing mice, and to
analyze its mechanism of action using "H-NMR metabolomics technology. To screen potential quality markers (Q-Markers) of S.
emarginatum for anti-hepatocellular carcinoma, providing experimental evidence for its clinical application and quality control.
Methods A subcutaneous tumor model of H22-bearing mice was established. Mice were randomly divided into a control group, a
model group, a 5-Fu (positive drug, 20 mg-kg™") group, and low-, medium-, and high-dose S. emarginatum ethyl acetate fraction
(SEEA) groups [crude drug 15, 30 (clinical equivalent dose), 60 g-kg '], with 10 mice in each group. After successful modeling, drug
intervention was carried out for 14 days. The 5-Fu group was ip injected every other day, and the SEEA groups were ig administered
daily. The control group and the model group were ig administered the same volume of 0.9% sodium chloride solution daily. The
general condition of the mice was observed, and body weight, tumor-related indicators were detected, and the tumor inhibition rate and
organ index were calculated. The contents of serum interleukin (IL)-2, IL-6, tumor necrosis factor (TNF)-a, and interferon (IFN)-y
were detected by ELISA. The endogenous metabolites in the serum were detected by 'H-NMR technology, and the differential
metabolites were screened by multivariate statistical analysis. Metabolic pathway analysis was performed using MetaboAnalyst 6.0.
The target points of the differential metabolites were screened using the Swiss Target Prediction database, and the intersection with the
previous anti-hepatocellular carcinoma targets of S. emarginatum was taken to obtain the synergistic effect targets. These were matched
with the main components and targets of the active fraction of S. emarginatum for anti-hepatocellular carcinoma to screen Q-Markers.
Results SEEA could significantly improve the general condition of H22 tumor-bearing mice, effectively inhibit tumor growth, and
regulate organ index, with the medium-dose administration showing the best effect. It could significantly increase the contents of [L-2
and TNF-a in the serum of mice and decrease the contents of IL-6 and IFN-y (P < 0.05, 0.01). It could significantly restore five
abnormal metabolites, including low-density lipoprotein/very low-density lipoprotein (LDL/VLDL), acetoacetate, succinic acid,
leucine, and creatine, in the tumor-bearing mouse model. Its anti-hepatocellular carcinoma effect mainly regulated butyric acid
metabolism and tricarboxylic acid cycle metabolism pathways. Plasminogen (PLG) was screened as a synergistic effect target, and
seven active components, including Chrysosptertin B, luteolin, kaempferol, apigenin, isorhamnetin, formononetin, and chrysin, were
matched as potential Q-Markers of S. emarginatum for anti-hepatocellular carcinoma. Conclusion S. emarginatum has a significant
anti-hepatocellular carcinoma effect, which may be achieved by regulating the inflammatory response, energy metabolism, and amino
acid metabolism of the body. The Q-Markers and mechanism of action of S. emarginatum for anti-hepatocellular carcinoma were
preliminarily revealed, providing experimental support for its further development and utilization.

Key words: Sedum emarginatum Migo.; anti-liver cancer; nuclear magnetic resonance hydrogen spectrum ('H-NMR); metabolomics;
quality markers; chrysosptertin B; chrysophanol; luteolin; kaempferol; apigenin; isorhamnetin; formononetin; chrysin
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#*1 SEEA MEHENREREMHM (X £5,n=10)
Table 1 Effects of SEEA on body weight of mice in each
group ( X x5, n=10)

Hal FIEN(gkg™) E BN %14 K
Hof IR — 29.26+0.93  33.87+1.32
AR — 30.44+1.15  38.68+3.46"
5-Fu 0.02 29.26+2.12  34.96+2.79™
SEEA 15 29.81+1.17 36.4712.63

30 30.19+0.88  35.76+2.72"
60 30414215 37.34+1.90

EXHEA L #P<0.01; SHRALLLE: "P<0.05 "P<0.01.
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group.

3.3 SEEA ¥t H22 &/ NRINEE K2R a 5 A
A

S5 R WK 2, SEEA A A Rl H22 MR+,
R A AR NP RS . SEERLAATLEL, 5-
Fu 20 e o7 Al o 35 1 PR (P<<0.01), SEEA
7] B 4 e o R MRS (P<<0.05).

550t R AL AR EL, AR 20 R A 4R B0 3 T i (P<

<2 SEEA 3 H22 g/ NRINERMNELER (X £5,1=10)
Table 2 Tumor inhibition rate determination results of SEEA on H22 tumor-bearing mice ( X *s, n=10)

41 531 FE/(g kg™ Jil 9 57 /g IR %1% RERE4E S/ (mg g72) iR 4e £/ (mg g7%)
i — — — 0.4240.11 0.42+0.11
it — 1.6750+0.673 4 — 0.73+0.09% 0.23+0.08%
5-Fu 0.02 0.512040.161 3" 69.43 0.53+0.15" 0.23+0.07
SEEA 15 1.3830+0.754 0 17.43 0.5940.24 0.260.06
30 0.849 2+0.398 2 49.30 0.4640.12™ 0.2840.09
60 1.33554-0.690 0 20.27 0.4340.09™ 0.2440.08

LRI LEES: #P<<0.01; HBRALLE: "P<0.05 “P<0.01.
#P <0.01 vs control group; "P<0.05 **P <0.01 vs model group.
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HEXIRA . A5 5-Fu 2. #7205 SEEA
FIRH IR ST B2 B, B & 2H A/ B E AR
WACEAFE R EZE S . NIRRT OPLS-DA i
R ATEENE, S HEET 200 B Bk, 45 5t
4-D. E. F FioaORIA 5% 20 R2=0.587, 0*=
—0.396; @RI 5 5-Fu 2 R2=0.716, 0*=-0.247;
@M A5 SEEA HFIE M R*=0.650, Q*=
—0.382, BIRIGIEH Q2 MEIALY v Hz s/ T
0, F B AT EE (1) OPLS-DA HE7 i fi% 2152 i o A<
BARRHE, REHSRAME, B&RIFMERGE
JI5TFMEE S Ei& OPLS-DA K7 737 45 BAIF sk,

*x3 HBHNRMFS IL-2. IL-6. TNF-a. IFN-y & (X *s,n=10)

Table 3 Levels of IL-2, IL-6, TNF-a, and IFN-y in serum of mice in each group ( X £s, n=10)

2H ) FlE/(g kg ™) IL-2/(pg ML) TNF-a/(pg mL™) IL-6/(pg mL™) IFN-y/(pg mL™)
X i — 661.38+-40.28 237.06+11.68 61.33+11.56 551.10+51.73
Fi A — 568.15+77.31% 194.04+27.80* 83.65+7.89% 780.33+67.73%
5-Fu 0.02 649.83+49.20™ 237.14+19.28" 70.56+10.38"™ 651.28 £63.92™
SEEA 15 620.77 £62.78" 248.34+14.48™ 78.08+7.38 698.03+£47.01™
30 642.44+49.20™ 236.72+21.99™ 68.01+9.59™ 658.65+37.31"
60 635.76+61.35" 234.43+18.50™ 71.34+7.90™ 659.92+25.08™"
ERIRA R #P<0.01; SHAALLE: "P<0.05 "P<0.01.

#P <0.01 vs control group; "P<0.05 **P <0.01 vs model group.
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B2 FEPMRIFE 'H-NMR Eif
Fig.2 'H-NMR spectra of serum from mice in each group
F 4 XRIUEHA 'H-NMR HE3E
Table 4 'H-NMR data assignment of rat serum samples
75 NGEZ iy OH
1 REEREAMKEERSES (LDL/VLDL, low- CHs, CHz 0.87 (m)
density lipoprotein/very low-density lipoprotein)
2 &R (leucine) aCH, BCHz, yCH, SCHs 0.96 (t, J=5.6 Hz)
3 R (isoleucine) oCH, BCH2, yCHs, 5CHs 0.94 (t, J=5.8 Hz)
4 BRI (valine) oCH, BCH:, yCH: 1.04 (d)
5  3-FH T (3-hydroxybutyric acid) CHs 1.18 (d)
6 FM C(lactate) aCH, BCHs 1.33 (d), 4.12 (q)
7 WER (alanine) BCH3 1.49 (d)
8 &R (lysine) aCH, PCH2, 8CH: 1.73 (m)
9 N-ZBEHEHEE A (N-acetylglycoprotein) CHs 2.14 (s)
10 [N Cacetone) CHs 2.24 (s)
11 ZBE#g (acetoacetate) CHs, CH2 2.28 (s)
12 A& (glutamate) aCH, BCH2, yCH2 2.35 (m)
13 WEEE (pyruvate) CHs 2.38 (s)
14 BRI (succinate) CH; 2.41 (s)
15 #BEMHZ (glutamine) aCH, BCH2, yCH:2 2.46 (m)
16 ATEEIER (citrate) CH2 2.53 (d), 2.70 (d)
17 WLEg (creatine) CHs, CH2 3.02 (s)
18 HML=WJ% (trimethylamine N-oxide) CHs 3.26 (s)
19 R (taurine) CH; 3.41 (1) (t, J=6.6 Hz)
20  HZE® (glycine) CH: 3.57 (s)
21 B-Hi%jHE (B-glucose) C1H, C2H, C3H, C4H, C5H, 4.66 (d)
C6H2
22 EREIR (tyrosine) oCH, BCH:, e¢CH, 8CH 6.91 (d), 7.20 (d)
23 HAEM (histidine) aCH, PCH:z 7.09 (s), 7.85 (s)
24 FAAMR (phenylalanine) aCH, BCH2, CH 8.46 (s)
25  Hifg (formate) CHO 7.32 (m), 7.42 (M)

s-PRUE; d-WUEEDE; =g, q-JUENE; m-ZHEIE,
s-singlet; d-doublet, t-triplet; q-quartet; m-multiplet.
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Fig. 4 OPLS-DA score plot and validation plot
x5 MHFRRRAENEXERREY
Table 5 Anti-liver-cancer related differential metabolites of S. emarginatum
5 INGEZ A VIP {8 P1E
1 LDL/VLDL 0.87(m) 1.67 0.0011
2 LIk 2.28(s) 1.55 0.000 6
3 BRIAIR 2.41(s) 1.36 0.000 8
4 AR 0.96 (t,J=5.6 Hz) 1.02 0.006 7
5 WLER 3.02 (s) 1.02 0.0037

A2 AR 5 5 3N Metabo Analyst 5.0 #4718
AT, TR EAUE . ARSI B B R
HFEEW k@R RNT R (butanoate
metabolism) il =2 FR{E A (tricarboxylic acid cycle) »
g5 A 5. % 6 .

3.9 REMISHATEREXE SR IFE

IS Swiss Target Prediction #5257 1% 75 21 1)
5 MR, O 33 ML AL SAEHIEIT R Y
HERULER 70 B 33 AN 5 I 46 24 B R
FoHHIRIFHT 140 N PUHR L DU AR, S 20 E V]
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Fig. 5 Pathway enrichment analysis of differential
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Table 6 Results of metabolic pathway analysis by

MetaboAnalyst
FPg A AL R P —-lgP  Impact
1 TR 0.000502 3.2987 0.11111
2 IR 0.049881 1.3021 0.03273
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Table 7 Screening results of metabolite targets
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