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Abstract: Objective To investigate the proliferation inhibitory effect of matrine in SMMC-7721 cells using 'H-NMR metabolomics
approach. Methods CCKS8 method was used to detect the proliferation inhibitory effect of matrine in SMMC-7721 cells, and the cell
lysates and cell culture supernatants were detected by "H-NMR combined with multivariate statistical analysis and metabolic pathway
analysis with the aim of exploring its mechanism of action. Results Matrine at the concentration of 1, 2, and 4 mg/mL could
significantly inhibit the proliferation of SMMC-7721 cells. Compared with control group, 21 differential metabolites were confirmed
inside and outside the cells after treatment of matrine. Matrine could significantly regulate the contents of differential metabolites such
as leucine, valine and glycine inside and outside the cells, and regulate the amino acid metabolism of hepatoma cells. Conclusion
Matrine plays anti-hepatoma effect likely through regulation of amino acid metabolism and energy metabolism. This study provides a
scientific basis for elucidation of the anti-hepatoma mechanism of matrine from the perspective of metabolomics.
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Fig. 3 Typical 'H-NMR spectra of SMMC-7721 cells (A) and medium (B)
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Table 1 'H-NMR assignments of major metabolites from SMMC-7721 cells (C) and medium (M)
I = ANGEZ [ Su FEA
1 25 MAREER CHs, CHa 0.92 (d, J=17.8 Hz) M
2 RRER 3-CHs, 8'-CH38CHs, y-CH3 0.93 (t,J="7.2 Hz), 1.01 (d, J = 6.6 Hz) C,M
3 AR CH=CH 0.97 (t, J= 6.0 Hz), 0.99 (d, J = 7.2 Hz) C,M
4 HER y-CHs, y'-CH3 1.01 (d, J= 6.6 Hz), 1.04 (d, J= 6.6 Hz) c,M
5 2-FMEER CHs 1.12 (d, J=7.2 Hz) M
6 3T y-CH:s 1.18 (d, J= 6.6 Hz) C
7 FR a-CH, B-CH3 1.33(d, J=6.6 Hz), 4.12 (g, J = 7.2 Hz) C,M
8 A y-CHs, a-CH, B-CH 1.33 (d, J= 6.6 Hz), 3.59 (d, J = 4.8 Hz), 4.26 (m) C,M
9 WHEE B-CH3 1.48 (d, J=7.2 Hz), 3.78 (d, J= 7.2 Hz) C,M
10 FEmR CH; 1.92 (s) C,M
11 R y-CHs, B-CHz, a-CH 2.01 (m), 2.07 (m), 4.13 (m) C
12 HEAE% Half B-CHz, y-CHz, Half B-CH, a-CH ~ 2.04 (m), 2.42 (m), 2.52 (m), 4.18 (dd, J=3.6,3.6 Hz) M
13 BEAR 0-CH, B-CHz, y-CH2 2.09 (m), 2.35 (m), 3.78 (m) C
14 BAWE 0-CH, B-CH>, y-CH2 2.15 (m), 2.46 (m), 3.78 (m) C
15 B HK B-Glu, y-Glu, B-Cys, a-Cys 2.16 (m), 2.56 (m), 2.94 (m) C
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Fig. 4 PLS-DA and corresponding validation plot derived from SMMC-7721 cells (A) and medium (B)
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&5 MUk il Ou FEA
16 HEAER CH3 2.38(s) c,M
17 BRI CH 241 (s) C,M
18 —Hi% CH; 2.73 (s) C
19 =Hjx CH; 2.91 (s) C
20 JULEF CHs, CHz 3.04 (s), 3.93 (s) C
21 ZEERE 0-CHa, B-CH2 3.15 (t, J=7.2 Hz), 3.86 (t) c,M
22 JETH N(CH3)s 3.20 (s) C
23 BERRNHBN N(CH3)s 3.22(s) C
24 HEBSER ARG N(CH3)3 323 (s) C
25 TR CH>S03, NCH2 3.25(t,J=6.0 Hz), 3.43 (t, J= 6.0 Hz) C
26 WEE 5-CH, 1,3-CHs, 4,6-CH, 2-CH 3.28 (t,J=9.0 Hz), 3.54 (dd, J= 3.0, 6.6 Hz), 3.63 (t, C
J=9.6 Hz), 4.07 (t,J=3.0 Hz)
27 HEE CH; 3.36 (s) C,M
28 Hih B-CHa, B'-CH: 3.56 (dd, J=9.6, 3.6 Hz), 3.66 (dd, J= 114,42 Hz) C,M
29 HER CH: 3.56 (s) C,M
30 1,3-ZFREEAE  B-CHa, B'-CHa 3.58 (s), 4.41 (s) C
31 BREFEREEER 5-CH-ribose, 4-CH-ribose, 3-CH-ribose, ~4.01 (m), 4.37 (m), 4.51 (m), 6.14 (m), 8.27 (s), 8.61 (s) C
CH-ribose, CH-ring, CH-ring
32 B-HEAIBE B-CiH 4.65(d, J=17.8 Hz) c,M
33 oA bE CH 5.23(d, J=3.6 Hz) C,M
34 UE CH-ribose, CH-ring, CH-ring 6.11 (d, J= 6.0 Hz), 8.24 (s), 8.35 (s) C
35 AR CH=CH 6.53 (s) C
36 WA 3 or 5-CH, 2 or 6-CH 6.91 (d, J=8.4Hz), 7.19 (d, J= 4.2 Hz) C,M
37 HER 5-CH, 3-CH 7.09 (s), 7.38 (s) M
38 RN 2-CH, 4-CH, 3-CH 7.33 (m), 7.38 (m), 7.43 (m) C,M
39 FRIERSEE CH 8.18 (s) C
40  IRFEIE N-(2)CH =N, N-(7)CH=N 8.20 (s), 8.22 (s) C
41 R CH 8.46 (s) C,M
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£R2 EBETW SMMC-7721 HiEHIE SR 54
Table 2 Differential metabolites in SMMC-7721 cells and

medium after treatment of matrine

ELRe] (MR 4 ek
1 SICA pe -
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3 AR R [ R
4 R o —
5 A = .
6 B2 Bt e t —
7 BRHIER — p
8 JULIEF v —
9 LN — p

10 R A e —
11 L b —
12 AR PR v —
13 B v R
14 &R — R
15 TR v —
16 M 2 B2 t —
17 RNAMR [ —
18 B LV —
HyeA i P<0.01 **P<0.001; T i | T
"P<0.01 "™P<0.001 vs control group; 1 upregulation | downregulation
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17-8 /. 18-BEIAER  19- ZWEf%
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Fig. § Correlation analysis results of differential
metabolites
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Fig. 6 MetPA analysis of metabolic pathway
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Fig. 7 Network of potential biomarkers of matrine against hepatoma by metscape analysis
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