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Antitumor spectrum effect relationship of medicinal Zicao based on partial least squares re-
gression analysis
LIAO Mei
Author Affiliation:School of Medicine, Jiaying University, Meizhou, Guang dong 514031, China

Abstract: Objective To study the relationship between the UHPLC-QTRAP-MS/MS (MRM) characteristic chemical profile and an-
ti-tumor effect, and to provide a basis for clarifying the material basis of anti-tumor effect of medicinal Zicao.Methods The character-

istic chemical profile of medicinal Zicao from different habitats was established by UHPLC-QTRAP-MS/MS (MRM) technology (Data



2 # B 5 Anhui Medical and Pharmaceutical Journal 2021 Jul,25(7) < 1295 -

derived from the Hakka Institute of Medicinal Biological Resources, Jiaying University School of Medicine from May 2018 to December
2019). The anti-tumor effect of inhibition to A549 cells was studied by MTT assays. The spectra-effect relationship was established by
partial least squares regression analysis and validation test of anti-tumor in vitro was carried out.Results The anti-tumor effect of me-
dicinal Zicao towards A549 cells was the combined action of 24 components, and the peaks of the major contribution to anti-tumor ef-
fect were as the following order: 59, 9, 66, 32, 62, 45, 46, 58, 43, 71, 13, 63, 41, 44, 5, 39, 34, 65, 49, 21, 12, 3, 22 and 60. The valida-
tion test showed that shikonofuran A (19.86+0.55) wmol/L, shikonin (1.10£0.05) wmol/L, shikonofuran E (22.60+0.92) wmol/L, acetyl-
shikonin (2.53+0.11) pmol/L, deoxyshikonin (5.43+0.24) pwmol/L, isobutyrylshikonin (2.16+0.10) pwmol/L, B, B-dimethylacrylshikonin
(3.50£0.16) pmol/L and a-methylbutyrylshikonin (0.74+0.03) pmol/L exhibited good inhibitory effects on A549 cells with inhibitory
concentration 50 (ICy)values ranging from 0.74 to 22.60 pwmol/L. The IC,, value of paclitaxel was (3.45+0.16) pmol/L. Conclusion

The anti-tumor effect of medicinal Zicao is the result of combination of various components and the material basis of the antitumor ef-

fect has been revealed preliminarily. This study provides a reference for the further research and development of medicinal Zicao.
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68x10° 1.18x10* 27 7.85%10 2.01%x10° 4 2.58x10°
. 2
310 9.99x10 B 83x10° 5.80%10°
2.4
0x10*  7.14x10°
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=}
FEa e
28 29 31 32 34 35 36 37 38 39
11 9.44x10° - 2.82x10? 1.48x10* 9.34x10° 1.79x10? 1.33%10? 1.03x10 6.12x10? -
12 1.13x10* - 7.81x10? 3.02x10* 1.02x10? 4.62x10? 5.04%x10 1.58%10? 1.40x10° 1.89x10
13 3.23%10° - 1.35%10* 3.23x10° 7.68%10? 2.96x10° 2.22x10? 4.20x10? 3.48%x10° 4.76x10?
14 1.14x10* 1.27x10° 2.70x10? 7.95x10° 5.39x10? 1.25%10? - - 2.29%x10? 1.61x10°
15 7.42x10* - 2.35%10° 5.58x10° 8.16x10? 1.39x10° 2.60x10? - 2.20x10° 2.74x10?
16 7.25%10* 2.85%10? 7.57x10° 5.16x10* 8.90x10? 1.32x10° 2.11x10 7.13x10? 4.15x10° 2.77x10?
17 8.78%10° 8.71x10? 4.85%10 1.23x10° 2.68x10? 1.03x10? = . 7.98%10 1.16x10°
18 1.07x10* 2.58x10° 3.40%x10? 6.68x10° 4.87x10? 1.52x10? 2.91x10 . 3.99x10? 1.66x10°
19 9.31x10° - 4.92x10* 8.53x10° 3.04x10* 5.19x10° 3.17x10° 1.97x10° 3.17x10° 2.12x10°
20 3.91x10* - 3.64x10° 1.84x10° 5.86x10° 5.27x10? 1.42%X10 - 4.45x10? 7.51x10°
21 4.09x10° 4.05x10 3.44x10* 3.42x10° 6.57x10° 3.49x10° 7.45%107 5.36x10? 4.02x10° 1.51x10°
22 2.88x10* 2.60x10? 4.20x10? 3.82x10° 4.32x10? 2.99x10? 2.69x10 1.35%10 2.76x10? 9.85x10?
m =}
T =
40 41 43 44 45 46 49 50 51 52
1 1.26x10° 3.13%10* 2.22x10? 2.37x10° 1.09x10° 1.20x10° 2.97x10° 1.83%10? 1.21x10° 7.60x10°
2 7.75%10 3.95%10° 6.12x10 2.99x10? 3.75%10 2.81x10? 5.32x10? 1.89%x10 4.77x10* 3.70x10?
3 4.05x10° 3.37x10* 2.79x10° 7.47x10* 1.43x10* 2.47x10* 1.69x10* 1.72x10° 2.81x10° 2.73x10*
4 4.36%10 2.35%10° 4.98%x10 3.28%10? 0.00x100 2.81x10? 1.17x10° 7.45%x10? 8.93x10° 5.05x10?
5 4.55%10 1.35%10? 2.15%10? 6.27x10° 3.61x10° 1.99x10* 2.20x10° 1.22x10? 5.26x10° 1.81x10°
6 1.58%10? 1.61x10° 3.44x10? 1.01x10* 6.94x10° 1.85x10* 3.39x10° 1.59%10? 1.39x10° 3.13x10°
7 1.02x10° 1.76x10* 1.81x10? 3.87x10° 6.01x10? 1.93x10° 3.37x10° 3.90%x10 9.15x10° 5.25%10°
8 8.92x10? 1.38%10* 1.54x10? 2.91x10° 1.06x10° 1.41x10° 1.53%10° 5.71x10 7.10x10° 4.68x10°
9 3.27x10° 2.76x10* 6.22x10? 1.37x10* 3.41x10° 4.32x10° 3.58x10° 2.23x10? 2.68x10° 2.06x10*
10 2.75%10? 1.72x10° 2.65x10° 4.85x10* 1.73%10* 2.47x10* 1.58x10* 1.32x10 1.89x10° 4.23x10°
11 1.90x10? 6.28%x10° 2.40x10? 9.98x10? 1.16x10 5.98x10? 1.69x10° 1.07x10? 1.17x10° 9.10x10?
12 4.72x10? 7.63x10° 7.91x10 1.19x10? 2.61x107 5.81x10? 2.47x10° 6.79x10 3.85x10° 2.16x10°
13 2.70x10° 6.64x10* 3.19x107 9.79x10° 2.53x10° 5.95x10° 4.15x10° 8.54x107 2.63x10° 1.69x10*
14 2.15%x10? 1.23x10° 4.53x10? 1.05x10* 3.31x10° 2.89x10* 2.91x10° 9.10x10 9.37x10* 2.56x10°
15 1.19x10° 1.59x10* 7.86x10? 1.60x10* 8.65x107 4.39x10° 7.98x10° 4.25x10? 1.21x10° 6.97x10°
16 1.21x10° 2.70x10* 3.92x10? 4.45x10° 2.09x10° 1.48x10° 4.24x10° 9.56x10 1.08x10° 6.36x10°
17 1.14x10? 3.50%x10? 4.79x10? 1.37x10* 2.76x10° 1.47x10* 1.67x10° 2.61x10 3.46x10* 2.59x10°
18 2.60x10? 1.56x10° 4.63%10? 1.15x10* 4.09x10° 1.65x10* 2.16x10° 1.34x10? 1.25x10° 2.50%x10°
19 4.91x10° 4.97x10* 4.90x10° 1.64x10° 2.66x10* 3.28%10* 3.24x10* 2.20%10° 3.16x10° 2.95x10*
20 5.16x10? 3.53x10° 1.37x10° 4.08x10* 2.54x10* 5.69x10* 7.55%10° 2.81x10 4.82x10° 5.73x10°
21 3.12x10° 5.43x10* 1.26x10° 3.13x10* 1.12x10* 1.48x10* 1.21x10* 8.80%x10? 2.62x10° 1.85%10*
22 2.37x10? 1.99x10° 3.79x10? 9.68x10° 2.55%10° 7.19x10° 2.36x10° 1.39x10? 1.82x10° 2.52x10°
m =
B4 kd
53 55 57 58 60 59 61 62 63 65
1 4.01x10? 8.04x10 1.78x10° 1.09x10° 4.99x10? 1.20x10° 2.09x10° 2.50x10* 3.29x10° 1.21x10°
2 2.86x10 4.86x10 3.25%x107 1.02x10* 1.65x10? 3.70x10? 2.77x107 2.44x10° 4.28%10? 1.43x10*
3 - 4.75x10 1.61x10° 2.15x10° 1.77x10° 6.79x10° 1.46x10° 2.97x10* 1.10x10* 3.28%x10°
4 - - 9.66x10° 8.85x10° 1.65x10? 2.72x10? 4.98x10? 7.05x10° 4.84x10? 1.23x10°
5 - 3.91x10 7.38x10° 1.90x10° 2.40x10? 4.23%x10? 1.75%10° 3.41x10* 4.38x10° 7.83x10°
6 - 1.69%x10 1.01x10* 2.99x10° 3.47x10? 5.82x10° 2.79x10° 5.00x10* 5.11x10° 9.56x10°
7 - 2.98%x10 2.47x10° 1.36x10° 6.22x10? 1.31x10° 9.61x10? 1.38x10* 4.21x10° 1.63x10°
8 - 3.44%x10 1.28%10° 9.28x10* 2.96x10? 1.22x10° 7.45%10? 9.07x10? 3.43%x10° 1.26x10°
9 - 3.04%x10 2.12x10° 5.46x10° 1.11x10° 3.90x10° 1.27x10° 1.87x10* 7.49x10° 3.47x10°
10 - 6.31x10? 9.40x10° 2.07x10° 9.03%10? 8.01x10° 2.11x10° 4.01x10* 1.20x10* 1.30x10°
11 - 4.02X10 4.05%10? 3.09x10* 1.33x10? 7.27x10? 5.15%10? 3.52x10° 1.53%10° 2.58%10*
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53 55 57 58 61 62 63 65
12 7.12x10 1.21x10? 5.50x10? 8.77x10* 2.21x10? 5.60x10? 5.67x10? 5.11x10? 3.60x10? 6.19x10*
13 1.17x10? 2.52%x10? 1.77x10° 2.64x10° 1.35x10° 2.02x10° 1.09x10? 2.42x10* 6.84x10? 1.81x10°
14 1.04x10° 8.77x10? 7.31x10° 3.41x10° 4.26x10? 4.33x10° 2.08x10° 3.52x10* 7.28%10° 1.16x10°
15 5.52x10? 2.38%x10? 2.04x10° 7.35%10° 1.31x10° 1.53x10° 8.77%x10? 1.30x10* 1.05%10* 3.17x10°
16 3.02x10? 1.18%10? 1.05x10° 2.03x10° 3.70x10? 1.41x10° 1.10x10° 1.68x10* 5.68x10° 1.03x10°
17 1.08x10° 1.14x10° 5.38x10° 3.61x10° 4.72x10? 6.55%10° 3.03x10° 2.94x10* 6.57x10° 1.29x10°
18 1.02x10° 9.29x10? 5.95x10° 3.30x10° 5.01x10? 5.08x10° 2.33x10° 2.95%10* 7.76x10° 1.19x10°
19 3.42x107 4.68x10? 2.67x10° 2.79x10° 2.78%10° 5.45x10° 1.61x10° 4.91x10* 1.23x10* 4.29x10°
20 4.52x10? 6.01x10? 8.60x10° 1.19x10° 1.39x10° 9.37x10° 2.10x10° 4.84x10* 9.51x10° 1.32x10°
21 1.63%10? 4.40x10 2.72x10° 9.09x10° 1.59x10° 3.24x10° 1.86x10° 3.50x10* 1.03x10* 2.88x10°
22 3.88x10? 2.80x10? 5.55x10° 2.91x10° 4.23%10? 3.51x10° 1.50x10? 2.79x10* 5.89x10° 7.76x10°
Fdt i e
66 68 69 70 71 72 73

1 8.23x10° 4.64x10? 1.02x10* 1.12x10* 5.97x10° 8.57x10° 1.45%x10*

2 4.74x10* 1.21x10 2.80x10° 5.30x10° 4.76x10° 3.94x10? 4.92x10°

3 1.91x10° 2.36x10? 5.20x10° 1.59%x10* 2.14x10* 1.75x10* 7.97x10°

4 5.64x10* - 8.13x10? 3.08x10° 1.15x10° 2.77x10° 3.03x10?

5 1.30x10° 1.11x10° 6.47x10? 3.22x10* 1.22x10* 7.06x10° 2.33x10*

6 1.47x10° 1.05x10° 1.06x10° 5.32x10* 2.35x10* 9.60x10° 3.46x10*

7 6.04x10° 1.65x10? 1.36x10* 2.05x10* 7.84x10? 1.00x10* 1.32x10*

8 5.73%x105 1.86x10? 6.03x10° 9.64x10? 9.01x10? 8.28x10° 1.19x10*

9 1.60x10° 3.99x10? 1.75x10* 3.21x10* 1.15x10* 1.60x10* 1.70x10*

10 2.10x10° 7.07%10? 8.19x10? 1.89x10* 1.64x10* 1.31x10* 1.46x10*

11 9.06x10* - 2.91x10° 8.89x10° 7.88x10? 8.16x10° 5.60x10?

12 3.09x10° 1.61x10 4.78x10° 1.56x10* 7.83x10? 1.65x10* 1.21x10*

13 1.21x10° 8.05%10? 7.12x10° 1.43x10* 7.46x10° 6.32x10° 8.64x10°

14 1.74x10° 1.03x10° 2.18x10° 7.99x10* 2.52x10* 1.40x10* 3.86x10*

15 9.67x10° 5.97x10 1.28x10* 3.77x10* 2.80x10* 4.90x10* 1.90x10*

16 7.08x10° 2.27x10? 5.19x10° 7.76x10° 8.69x10° 8.85x10° 7.81x10°

17 1.73x10° 1.78x10° 2.12x10° 1.50x10° 2.10x10* 1.48x10* 4.80x10*

18 1.94x10° 1.34x10° 1.61x10° 6.57x10* 1.66x10* 1.15x10* 3.23x10*

19 1.90x10° 2.22x10? 4.30%x10° 1.10x10* 3.44x10* 1.54x10* 7.26x10°

20 1.98x10° 1.18x10° 6.49x10? 2.17x10* 1.30x10* 6.62x10° 1.29x10*

21 1.55%10° 7.67x10? 4.92x10° 1.05%x10* 2.19x10* 9.85x10° 8.40x10°

22 1.34x10° 7.98x10? 1.61x10° 4.03x10* 1.63x10* 8.67x10° 2.38x10*

22 EEEIMIMEHNFELE

221 Hmzikeya & Rl EC2.1.27 00 it
I A WS B, 10 000 r/min 5540 10 min, K %5 W% B
FE W 4 mL, AR HEE, 0.5 mL DMSO ¥ fi#
Bt J T AR fith 28 Y, 15 R BE A6 R 1 000 1% )5 Bic A 24
WEBE R 0.2 me/mL 19 & 2585 3R FL R R bE A TR . I
JEH100 L 3 2585725600 A 100 pL 4HAE R H , A4
Rk 6N E AL,

222 WAFB AR E B EUE K A549 41
Jitg ] RPMI 1640 15 7% ¥ 4 54 240 i %% R 1x10° 4~ /mL
) B 200 B R, 22 SCHR 00 45 ot 7 4 A o]
ROWFE3), SRR, EFLBRE LM T, 22

HERE S A R AE 0.182~0.989 , AT LA [i] ofe 5 48
B U X AS49 i MR I E HAEE IR K 22 57
JR A AT e e AR SR i S R R R G B R
FEAE2E 5, SR 35 Pk 22 S M i A5 o RAFTE 4 T
R 4F (0 i Ll

23 BMEXRIHAGERSH  PLSRAEMN 1A
730U 595, % s T B ATt 4 i A D E B VN B N0 )
fE, AT g5 K PR R H AR PO A ., DR B v, 32
BT 2 AR X 2 11 A48 5 1 ] 9 5T, e A 4 b
il DA A S /D T A B g ), S — PR R AL B 4T
TR fiE 7 5t (%) B A B e TR RO R AT
W I SR S AR IE 43 K 22 HE IR B Y
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R332 RSB B A R (n=6)/x £ 5

RLELR ENES RLE L] RS

1 0.311:0.016 |12 0.231+0.025
2 0.217+0.022 |13 0.206+0.021
3 0.896+0.052 |14 0.553+0.026
4 0.182+0.012 |15 0.402+0.038
5 0.565:0.042 |16 0.355+0.026
6 0.847+0.064 |17 0.895+0.052
7 0.242+0.018 |18 0.585+0.049
8 0.321x0.020 |19 0.989+0.041
9 0.628+0.030 |20 0.832+0.075
10 0.886+0.056 |21 0.649+0.056
11 0.518:0.049 |22 0.267+0.019

57 AFEAE WG PR AR G 0 TR Sl [ A8 1 X, K AS49 4
JHL B A I S3RAE O PR A Y 5 A SIMCA-14.1 80, 5R
JH PLSR M5 RLE KO XA Y #E47 (810343007, 115453
57 A FEAE VA 5 40 1) S5 1 s oA A [l )3 2R H50Rn AR i
BB RE(VIPE, R4, VIP>1ET, AR ETE
fife DA BN 25 S AR . IR 2 A, VIP Y
KT 1 H i KBNVNIT A1 59.9.66.,32.62.45
46.58.43.71.13.63.41.44.5.39.34.65.49 .21,
12,322 F160, 156 B XTI A4 471 S5 %) A 549 4 Jifd iy 417
il VE F A L, 20 5 ) B HeoF B % 4y
Briese ™ i T ARG (RS,

R4 BGOSR B E B R (VIP)(E

[E353 VIP{H 352 VIP{H
59 1.66716 41 1.28033
9 1.54359 44 1.22421
66 1.47465 5 1.21347
32 1.4589 39 1.19854
62 1.42987 34 1.17505
45 1.39825 65 1.17469
46 1.38857 49 1.16035
58 1.3712 21 1.07455
43 1.34405 12 1.04774
71 1.3022 3 1.04034
13 1.28529 22 1.01874
63 1.28177 60 1.00155

24 FSMIBEISIERIE X T A ARES LA
Yy, 274 K MTT 325 56 3E H X A549 41 it /Y 1R 21
HHE I, DL RS I BT HE . 43 BIRR B 1L &
I8 B, 0 DMSO %5 it Bic i 100 mmol/L B4 £, I 1
AR SR AR B%.0.0.1.0.5.1.5.10.25.50 wmol/L i
BRI R BU100 L & 25 BE 3R A 100 wL
i, BRI 6 N E AL, #2227 T T
BRI AL S I IC, [, 45 3R 6, 45 R0
IRSAL A WY 1C,, (B AE 0.74~22.60 wmol/L 2 [f] , H:

90 6 41 1 5 A R T T i AT B R AR
PROMTTIP R/ TR EE 200

x5 Lfm/hFMIH(PLSR) i3 RBFRMLEY

S 2R AT RT/min Q1>Q3
3 Lithospermidin C CH1,0, 11.18 345/285
5 SEBLIRIR A C,H,0, 1179 315255
9 E Sy C,H,0, 1408 2871218
12 Lithospermidin E CyHy,0, 1446  373/285
13 1/4-methoxylithospermidin C  C,,H,,0,  15.02  359/299
21 EEHIKIHE C,H,,0, 17.13  355/255
22 Lithospermidin B C,H,,0, 17.17 387/285
32 LBREEER CH O, 2141 329269
34 1/4—methoxylithospermidin 1 C,H,,0, 22.83 387/299
39 1/4-methoxylithospermidin J  C,,H,,0,  25.54  399/299

41 1/4-methoxylithospermidin D
43 TEEEER
44 NBEERFE R
45 1/4-methoxylithospermidin N

C,H,0, 2629  459/299
CoHy0, 2750  357/269
CoHy0, 2765  343/269
CoH,0, 27.68  401/299

46 KHEEHRZRE CH, 0, 27.66 271/203

49 1/4-methoxylithospermidin E C,,H,,0, 2832  387/299

58 TSR R CyHp,0, 3241 357/269

" a.,a—dimethylpropionylshiko— GO, 3245 371269
nin

60  Tigloylshikonin CyH,,0, 3282 369/269

62 1/4-methoxylithospermidin O C,,H,0,  33.52  401/299
—acetoxy—a,B—dimethy—

63 A yoo.B Y C, H,Og  33.69  443/269
butyrylshikonin

65  B.p-W AL R C,H,0, 34.14  369/269
66  a-HET SRR C,H,,0, 3459 371/269
a1 6—(11"=deoxyalkannin) CLH0, 3747 613521
—alkannin/shikonin propionate
F6 LB WRIIRIMIT IR T
55 o Xt A549 émii@ ICyy/
(pmol/L,x £ 5)

5 SCBLIRIR A 19.86+0.55

9 3-8 S 1.10£0.05

21 S B 22.60+0.92

32 CBEEERR 2.53+0.11

46 FHERER 5.43+0.24

58 S TSR 2.160.10

65 BB~ WA B2 T % 3.50+0.16

66 - TSR 0.74+0.03

FHE X A YA 3.45+0.16

3 it

SR I R R IO Ry SR 2R i T
JUAS EE R 190, e ol i HRAS ok A
SR Al T NG s e g i D N S
KT g A S S 5 R Y 5 R R I B
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TS A L SCHR 4R o A S5 SR A UHPLC-QTRAP-
MS/MS (MRM ) £ A 57 1) 28 FERFAE 56 30 15 B [ B
XA A kAT A e FUE R AT, A BT R ko
AT EA PIFE RIS R o

HHT, PGS0 2058 h 2R 1A 815, 5%
H LA RAG AR R P R B AH B AN 78 A BAR
WEMIVE R (B B 202 PR LA 253046 b [ I PE A 15
Bl M e O I TS I i e ¥ S K D OK N Y v
) AR B XEZ, KRR LA
Prxst A549 4 L AHT IR AR B A 200 SO S, 245
SR . PR HE— 2Pk MTT AR T 245 48
P R O 2 A Y R BT AS549 4TS 1 5 7E
R AR 245300 S ), AS [3) oF Y 55 50 24 1 XoF 240 e 1 490 il
R[] 5 AH ] A T 1) 245 o JH 4100 1) 5 52 5] 1 AORS 17F
PR 3 8 T 5 8 U s i R ) A 549 4 i 41 1
BN 2GR AR R TP 55 B A SD T e I8 0 1
CIEFRiON

H AT RO R P9 8 b B ik 2, BA
2% H B R I . A 5T R F PLSR 20 At
TER B2 RE S RRIE I L bR AV FH A DG
RPN 24 PSR R RIS N0 5 HAUME MR 2
TEAH G, 15 B 58 (R e 2550 1 2 22 i ki oy 2 [ 1
FHMEE S . T PERTESS R B R A(S) R
F(9) FEHIKHE2]) LBEE R R (32) LAEHE
K (46) T EEE R K (58) B, B- I I Bt 4
B (65) Fil oo- HH LTI 28 5052 (66) Y% A549 4 fifd
H— g IMHIER , HIC, (M 0.74-22.60 wmol/L, 1E
—E R LRIE T LIRERSOC RN R, BT
Oy B A AL TAEARAE AT, 5 TR i HAb b &9
EEEHARUIN ARG R — WA
it

25 L ik AR5 38 2o 24 R R R ROC R )
ARG T S R IS AR SE R I, R S 4k
WFSE R R AR TR AR

SE 3k
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