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Effects of shikonin on colon cancer xenografts in nude mice based
on serum metabolomics
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(1. College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China;
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Abstract: To investigate the antitumor activity of shikonin against human colorectal cancer, the I1C,, value
towards four different human colon cancer cells was detected by MTT assay. In addition, a SW620 xenograft model
was established and both the tumor volume and tumor inhibitory rate were calculated to evaluate the antitumor
activity of shikonin in vivo. To further explore the mechanism of shikonin, metabolomics combined with multivariate
statistical analysis was performed to analyse the profile of metabolites in mouse serum. The results show that shikonin
can significantly inhibit the proliferation of four different colon cancer cell lines and exerted a high antitumor
activity in vivo. The tumor inhibitory rate at low dose and high dose were 38.35% and 42.16%, respectively. In
addition, a total of 38 potential biomarkers related to the antitumor effects of shikonin were identified through
metabolomics analysis, including tryptophan, proline and methionine. The study revealed that the mechanism was
related to disordered amino acid metabolism in colon cancer, especially in tryptophan metabolism. Our study
suggests that shikonin could exert an antitumor effect by regulating amino acid metabolism in colon cancer and
provides a theoretical foundation for further exploration and the eventual clinical application of shikonin.
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Figure 1 Cytotoxic effect of Shikonin on human colorectal can-
cer cells. A: SW480; B: SW620; C: HCT-116; D: HCT-8
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Figure 2  Effect of shikonon on tumor volume (A) and tumor in-
hibitory (B) rate of SW620 xenograft in nude mice (x s, n = 8).
"P<0.05, "P<0.01, ""P<0.001 vs control group only
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Figure 3 Representative total ion chromatograms of mice serum. QC 1-5: Five quality control samples; Peaks 1-7: Seven major peaks at

different retention time shared in five QC samples
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Figure 4 PCA scores plot (A: Positive; D: Negative ) of serum from all mice, OPLS-DA scores plot (B: Positive; E: Negative), correspond-

ing validation plot (C: Positive; F: Negative) from control and shikonin-treated groups. QC: Quality control
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Table 1 Identificaton results of significant differential metabolites in mice serum. *Represents metabolites that were identified by authentic

standards. "Represents metabolites that were identified by the accurate MS/MS spectrum

No. Name Formula [M £ H] m/z tz/min VIP Pvalue Appm lon mode
1 L-Valine® C,H,;NO, 118.086 80  118.086 42 1.16 727 0.0022 322 Positive
2 Niacinamide® CsHsN,O 123.05581  123.055 42 1.20 271 0.0002 3.19 Positive
3 Pyroglutamic acid® C,H;NO, 130.05040  130.049 96 1.65 252 0.0068 3.38 Positive
4 Creatine? C,HgN,0, 132.07730  132.076 73 0.95 6.16 0.0014 4.32 Positive
5 L-Leucine? CsH3sNO, 132.10243  132.101 86 225 1288 0.0043 4.30 Positive
6  Urocanic acid® CsHN,0, 139.050 73 139.050 13 1.38 297 0.0050 431 Positive
7  L-Methionine? C,H,;NO,S 150.058 85  150.058 21 1.20 9.73 0.0001 4.26 Positive
8  1-Methylhypoxanthine® CsHsN,O 151.06196  151.061 52 1.20 228 0.0002 292 Positive
9 Imidazol-5-yl-pyruvate® CsHgN,O, 155.04564  155.045 04 3.71 171 00001 3.88 Positive

10  Phosphoglycolic acid® C,H.O4P 156.990 20  156.99052  15.14 159 00059 204 Positive

11 L-Carnitine? C,H;NO, 162.11300  162.112 28 0.92 3.82 0.0000 4.44 Positive

12 Uric acid® C,H,N,O, 169.036 10  169.035 46 1.20 186 00233 3.79 Positive

13 L-Arginine® CeHN,O, 17511950  175.118 81 0.86 214 0.0046 3.94  Positive

14 Serotonin® C,H,N,O 177.102 80 177.102 09 3.75 250 0.0044 4.01 Positive

15  L-Tyrosine® C,H,;NO, 182.08170  182.081 03 2.08 466 0.0132 3.68 Positive

16  Phosphohydroxypyruvic acid® C,H.,0,P 184.98510  184.985 38 23.27 2,09 0.0191 151 Positive

17 Acetylcarnitine® C,H;NO, 204.12356  204.122 84 1.20 8.84 0.0000 3.52 Positive

18  L-Tryptophan® C,H;,N,0, 205.097 70 205.096 92 531 1190 0.0001 3.80 Positive

19  Propionylcarnitine® C,,HNO, 218.13921  218.13849 2.83 269 0.0025 3.29 Positive

20  L-Arginine phosphate® CsHsN,O-P 255.08581  255.083 55 7.71 170 00187 884 Positive

21  Leucyl-Phenylalanine® C,sH,,N,03 279.17084  279.169 41 7.00 1.78 00000 513 Positive

22 2-Aminooctanoic acid® CyH;NO, 160.13304  160.133 04 1.15 496 0.0006 0.00 Positive

23 L-Phenylalanine® C,H,;NO, 166.086 08  166.086 08 4.15 9.20 0.0026  0.00 Positive

24 3-Indoleacrylic acid® C,H,NO, 188.07039  188.070 39 531 10.65 0.0001 0.00 Positive

25  Cortexolone® C,H,;,0, 34722120 347.22120  10.83 3.19 0.0004 0.00 Positive

26  21-Deoxycortisol C,H,,0, 34722120 347.22120  10.83 3.19 0.0004 0.00 Positive

27  1,3-Dimethyluric acid® C,H;N,O, 195.05184  195.050 67 6.06 1.93 00037 6.00 Negative

28  3-Methyl pyruvic acid® C,H:0, 101.02393  101.023 16 0.98 180 00000 7.33  Negative

29  3-Hydroxybutyric acid® C,H,0, 103.03952  103.038 76 2.37 5.00 0.0015 7.18 Negative

30  Leucinic acid® CeH,,0,4 131.07081  131.070 28 6.82 1.97 00018 397  Negative

31  Dimethyl D-malate® CsH,,0s 161.04503  161.044 70 1.51 243 0.0001 1.86  Negative

32 Caffeic acid® C,H,0O, 179.03452  179.034 42 4.60 181 00001 045  Negative

33 D-Fructose® C¢H,,05 179.05563  179.055 53 141 1.86 00024 0.32  Negative

34 N-Acetyltryptophan® C,;HLN,O, 245.092 65  245.093 49 7.86 1.63 00005 3.63 Negative

35  Xanthosine? C,oH,N,Oq 283.067 97  283.069 20 4.08 155 00000 465  Negative

36  6-Thioinosine-5'-monophosphate® C,HiN,O,PS  363.016 51  363.019 26 8.17 2.09 0.0005 7.60 Negative

37  Taurocholic acid® C,H;sNO,S 514.28392  514.285 98 9.24 290 0.0031 410  Negative

38  Isodesmosine” C,,HNOg 524.272 02  524.27994  14.67 520 0.0052 9.89  Negative
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Figure 5 Typical differential expression of metabolites in shikonin-treated serum of mice. “P<0.05, "“P<0.01, ""P<0.001, ™P<0.000 1 vs

control group only

Figure 6 Metabolomic analysis results of mice serum. A: Heatmap analysis of the differential metabolites in three groups; B: The summa-

ry of pathway analysis
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Figure 7 The schematic representation of the amino acid metabolism
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