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Abstract: This study aims to investigate the potential active components and mechanism of action of
"Ginseng-Schisandra" herb pair in the treatment of hepatocellular carcinoma (HCC). The blood-entering
components of the "Ginseng-Schisandra" herb pair were identified using high pressure liquid chromatography-
quadrupole-time of flight mass spectrometry (HPLC-QTOF/MS). The alterations of bile acid (BA) levels in the

plasma, liver, and feces of HCC rats following intervention with the "Ginseng-Schisandra" herb pair were
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comprehensively analyzed by LC-MS. The biomarkers of HCC were screened by integrating orthogonal partial
least squares-discriminant analysis (OPLS-DA) and Student's #-test. Finally, the key pharmacodynamic substances
of "Ginseng-Schisandra" herb pair in the treatment of HCC were identified based on correlation analysis and
further verified through molecular docking. The animal experiments were approved by the Ethics Committee of
Shenyang Pharmaceutical University (approval No.: CSE202106002). As a result, 22 blood-entering prototype
components of the "Ginseng-Schisandra" herb pair were identified. This study demonstrated that the "Ginseng-
Schisandra" herb pair markedly restored dysregulated BA metabolism in the plasma, liver, and feces of HCC rats,
and 9 bile acids were successfully characterized as HCC biomarkers. Correlation analysis and molecular docking
demonstrated that ginsenoside Rbl and schisandrin A, which exhibited strong binding affinities to key BA
regulatory proteins [farnesoid X receptor (FXR), cytochrome P450 family 7 subfamily A member 1 (CYP7Al),
bile salt export pump (BSEP), and organic anion transporting polypeptide 1B1 (OATP1B1)], were crucial
pharmacodynamic constituents of the "Ginseng-Schisandra" herb pair in the treatment of HCC. Collectively, this
study established a scientific foundation for the clinical application of the "Ginseng-Schisandra" herb pair in the

treatment of HCC.
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Table 1

Results of identification and semi-quantitative analysis of blood-entering prototype components of the "Ginseng-Schisandra" herb

pair. G: Identified from Panax ginseng C. A. Mey; S: Identified from Schisandra chinensis (Turcz.) Baill; "The component was identified by

comparison with reference standards. n =6, x+ s

No. Identification Formula Ton adduction Error tR_ Measured Normalized data Fragment ion Source
ppm  /min mass

1 Ginsenoside Rbl C,H,,0,, [M+COOH]" -0.5 17.80 1153.6000 0.0196+0.0115 1107.5943,945.5685, G
783.493 7, 621.445 4

2 Malonyl ginsenoside ~ CH,,0,, [M-H] 0.0 1812 11935961 0.0142+0.0102 1149.6103,1089.584 38, G
Rb1 927.520 8, 179.057 1

3 Ginsenoside Rgl” C,H,0, [M+COOH]" -0.4 13.38 845.4893 0.0030+0.0015 4753721, 637.428 3, G

799.495 1

4  Ginsenoside Rd C,H,0, [M+COOH] 0.0  20.03 991.5472 0.011 5+0.0060 945.536 2, 621.442 8, G
783.489 0, 161.046 6

5 Ginsenoside Re” C,H,0, [M+COOH]" -0.3 13.36 991.5472 0.001 8£0.0020 945.543 1,799.485 5, G
637.434 8, 619.420 9

6  Ginsenoside Rc C,H,0,, [M+COOH]" -0.2 1870 1123.5895 0.0086+0.0051 1077.6591,945.5349, G
783.491 7, 149.048 5

7 Malonyl ginsenoside ~ C,H,,0,; [M-HJ 02 17.60 1163.5855 0.0112+0.0028 1077.5918,1059.5800 G

Re

8  Schisanhenol C,H, 0, [M+H]' -0.1  40.01 403.2115 0.0269+0.0079 371.184 7, 340.166 6, S
271.257 2,301.089 8

9  Schisandrin A" C,H,0, [M+H]' -0.3  44.06 4172272 0.26514+0.1367 402.204 1, 386.204 4, S
316.130 7,301.105 5

10 Schisandrol A" C,H,0, [M+H]' -0.5  25.67 4332221 0.4884+0.2972 415208 4,400.187 1, S
384.193 4,369.169 5

11 Gomisin D C,H,,0, [M+H] -0.8 2776 5312225 0.3478+0.1498 401.157 5, 353.136 6, S

326.1147

12 Benzoylgomisin Q C,H, 0, [M+H]' 0.1 3599 5532432 0.0650+0.070 7 453.187 6, 387.177 1, S
356.162 0,343.118 4

13 Rubrisandrin B C,H, O, [M+H]' 0.1 2271 389.1959 0.0242+0.006 6 389.2189,357.168 8, S
325.135 2, 288.099 9

14 Gomisin N C,H, O, [M+H]" 02 4582 401.1959 0.0392+0.0298 386.171 2, 300.100 6, S
285.074 8, 242.094 5

15 Schisandrin B C,H,,O0, [M+H] -04  46.25 401.1959 0.5153+0.1641 386.1704,370.167 7, S
300.097 2, 285.074 0

16  Schisandrol B C,,H,,0, [M+Na]’ 0.5 2937 417.1908 0.0136+0.007 1  399.158 4,369.167 0, S
368.160 2, 353.139 1

17 Gomisin S C,H, 0, [M+Na]’ 0.2 20.15 441.1884 0.0974+0.0861 369.1711,337.142 3, S
323.129 5,301.105 3

18  Schisantherin C C,H,,0, [M+H] -0.2  39.20 5152276 0.0257+0.0102 437.1479,415.175 4, S
385.161 3,371.1479

19  Angeloygomisin H C,H, 0 [M+Na]’ 0.1 34.22 501.2483 0.0159+0.0094 483.2316,401.196 6, S
370.177 6, 337.146 6

20  Schisphenlignan A C,H, 0, [M+H]' -42  29.87 523.1963 0.0416+0.0197 423.139 3,383.143 7, S
352.129 7,341.102 6

21 Angeloylgomisin Q C,H, O, [M+Na]’ 0.0 3599 5532408 0.0663+0.0717 453.1924,431.192 4, S
387.184 2, 358.140 9

22 Benzoylgomisin P C,H,,0, [M+H] -1.8  38.11 5372119 0.0414+0.0212 437.163 2,415.169 5, S
371.149 0, 340.129 8

23 “AS-ARF AN HCC KRIEEHETER  Fik, SHEFMEE MR, mE3D.ENR, 5%

RIGHIK TSN TG IR BRI IR & ) 20
JIt, B3l A 29 o B BA KT AT S R E 2 g S AR
fads. AWt —H I 7 HCC KB FEfE + BA U
YiKFo tnlE 3A~C FoR, B K B S rh B IE
PR AT BT TR HE B P 95, 3K 5 R T A
sty PR 45 SRR o AR R ZH K BRI A R RBE A PR 1
BLETHES . B TR, IRBIEHIR B A T m B K

I ZH AR L, A58 20 K B 24 Hh i 25 2 IE V1 % UDCA.
LCA 1454 RAHVT R TCA.TDCA . TCDCA.TUDCA.
TLCA.GUDCA 7K V- & % [ 1K, H v 5 BA (TCA.
TDCA.TCDCA.TUDCA.GUDCA) /KF 5 IfiL ¢ K F
R BA FIAR AL A . X — B % #2758 HCC 7 BA
JFF B 416 B4 BT B 52 451, 5 BUFIE  BA 432 BE R0 1 i
M BA R IR />, 3X MG BEOBE 1§ W] RE 5 BSEP.
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Figure 1 The levels of total BA (A), total primary BA (B), total secondary BA (C), free BAs (D) and conjugated BAs (E) in plasma of rats
in each group. n = 6, x £ 5. P < 0.05, P < 0.001 vs control group; "P < 0.05, P < 0.01, P < 0.001 vs model group. R-S: "Ginseng-
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Figure 2 The levels of total BA (A), total primary BA (B), total secondary BA (C), free BAs (D) and conjugated BAs (E) in liver of rats in

each group. n=6,x*s. P<0.05, "P<0.01,
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Figure 3 The levels of total BA (A), total primary BA (B), total secondary BA (C), free BAs (D) and conjugated BAs (E) in feces of rats in
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Table 2
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Figure 5 Pearson correlation analysis between the blood-entering prototype components of the "Ginseng-Schisandra" herb pair and BAs

in plasma, liver, and feces. 'P < 0.05, "P<0.01.n=6
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