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Quality evaluation of Crataegi Fructus from different habitats based on grey
correlation-TOPSIS method
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Abstract: Objective To comprehensively evaluate the quality of Shanzha (Crataegi Fructus) from different origins by grey
correlation-TOPSIS method. Methods HPLC wave-length switching method was established to determine the components of
chlorogenic acid, epicatechin, hypericin, isoquercetin, rutin, quercetin, vitexin, vitexin glucoside and vitexin rhamnoside. The grey
correlation-TOPSIS method was used to analyze the results. The quality of the collected Crataegi Fructus from seven producing
areas in Hubei, Anhui, Hebei, Shandong, Henan, Shanxi and Shaanxi was evaluated. Results The HPLC method was rapid,
sensitive and accurate. The results of grey correlation-TOPSIS analysis showed that the quality of Crataegi Fructus from Shandong,
Henan and Anhui origins was better. Conclusion The method provides the basis for the quality control and evaluation of Crataegi
Fructus and the selection of Crataegi Fructus producing area in the research of new Chinese medicine.
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Table 1 Origin information of 23 batches of Crataegi

Fructus
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Table 2 Gradient elution procedures
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1-chlorogenic acid 2-epicatechin ~ 3-vitexin glucoside 4-vitexin

rhamnoside 5-vitexin  6-rutin  7-hypericin  8-isoquercetin
9-quercetin
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Fig.1 HPLC chromatogram of reference substances (A)
and Crataegi Fructus sample (B)
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mo/mL X B AERVR, RERE PRI T Mt a4t
FRUZR L 3R 2R A T AT T 2R BR S X TR
=, FH RS AT O ER 207 1.0 mg/mL X &
A R B L i VRS R 50 mL i
b A SR R R 389.14 ng/mL. L7 &K 949.14
pg/mL. 422ikTF 18539 pg/mL. Sl 2 106.63
pg/mL. 27 39.77 pg/mL. il &% 38.53 pg/mL.
HEIFIZR 40.39 pg/mL. 4R M HEE 39.72 pg/mL,
HE 2R B2 44.24 pg/mL VRS % TR VA
2.3 HikmiEReH&

Bl sk (i 60 Hif) 2.0 g, FEEME,

BT 100 mL B EHETEH A, F5E A 70% F i 25
mL, %%, FREMiE, @A (100 W, 100 Hz) 60
min, A, FREFE, H 70%FEHNE R E, #
%7, 10 000 r/min 250> 10 min, &% B EER 15
mL, W45 /NMER, A, B 5mL &+, HE
BEEREZIE, i 0.22 um MALUEMRE, RIS AER M
W
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B (X, HHATERMERDE, [FE5FEWLE 3.
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Table 3 Regression equations and linear range

D% EVEpy i R? LB PR (ug mLY)
SRR Y=14.49 X—25.297 0.999 7 6.08~389.14
FILER Y=5.7609 X —38.388 0.999 9 14.83~949.14
SR Y=20.605 X—20.626 0.999 9 2.90~185.39
SR A Y=20.272 X—11.273 0.999 9 1.67~106.63
T Y=15.081 X—1.917 4 0.999 9 0.62~39.77
Mt R 3 Y=27.947 X—21.216 0.999 1 0.60~38.53
IR Y=19.693 X—3.1411 0.999 9 0.63~40.39
IR 2 A R Y=18.33 X—3.967 2 0.999 9 0.62~39.72
IR R R A RE Y=15.884 X—5.595 7 0.999 8 0.69~44.24
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1.94%. 1.58%, FKEH7VERIEG MR,
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1.43%, RIFHLSIAAE24 hARE P R IF
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Table 4 Results of nine components of 23 batches of Crataegi Fructus
e S o K (pe-g ™)

SRR RILFEER HNERMEEE MR ESREE O MINER T Stk miEE MR
S1 375.60 953.46 3.97 7.68 22.67 7.64  169.26 124.92 10.19
S2 319.78 1191.64 4.05 13.78 41.98 5.55 149.10 96.12 13.19
S3 376.32 1862.58 4.77 12.30 38.21 387 122.08 81.16 15.12
S4 358.83 780.09 3.54 15.92 39.60 6.06 141.62 101.23 11.28
S5 441.24 1108.44 4,75 12.60 45.71 7.16 125.49 100.65 16.20
S6 452.07 668.98 3.49 5.56 36.85 5.18 82.78 77.92 20.88
S7 684.09 2 158.57 5.13 15.75 2255 10.29 147.80 118.40 11.01
S8 310.66 997.32 3.90 14.68 4820 820  189.85 132.04 17.29
S9 591.14 1825.99 6.72 12.99 1297 1181 16051 132.30 6.24
S10  435.27 149264 5.12 25.83 38.69 10.78 222.15 161.89 15.89
S11 444.46 1173.55 3.58 1411 41.36 7.57 162.17 118.62 21.94
S12 431.43 1673.91 4.35 15.57 45.19 5.61 183.80 121.43 12.88
S13 813.01 2 498.56 4.77 7.17 11.10 9.12 98.67 87.86 8.59
S14  441.33 2627.91 4.14 17.44 39.28 870 210.89 147.33 6.79
S15  425.10 1732.66 6.09 15.64 4931 7.06 187.91 133.29 17.57
S16  473.19 3478.43 4.38 18.29 4217  9.63  252.03 174.44 6.99
S17  519.12 3303.79 4.07 16.75 37.04 9.76  231.94 163.66 5.75
S18 693.02 222277 5.01 6.77 17.45 8.27 129.59 101.60 10.56
S19 286.26 720.23 3.51 13.77 38.22 5.99 174.16 121.12 13.68
S20 388.98 1267.93 3.75 16.51 40.45 7.16 156.71 110.75 9.58
S21 270.16 564.40 3.50 13.79 36.70 5.12 174.33 123.43 12.52
S22 361.43 1590.79 3.64 6.55 32.80 5.34 142.18 95.91 13.24
S23 405.26 1679.07 4.01 6.15 30.81 5.67 138.19 94.94 16.14

2.6 RBXKEL-TOPSIS 3%

KK A IR E AT AT TOPSIS 43 M7 7 1240 45
AV IR R, SR K O T 3R AR %
Fabr AR T B T FII K ORI R A (R 5), TR
F TOPSIS A Ik (5 Bk R E0H FEAF 21 55t S
FZHMERE, ARG TE&SERSRRRBEKIK
BEES (Dits D), @ HEaEREE (Co P ISR
BRI, SR NE 6.
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B H i L 27 6 o A
3 it
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BE/N, DAL b 3 A 4 A T PR R S R ELE . AH
R 7 I (] R PR T 30% FEE . 50% FH EE . 70% H
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FH B A 9 2 OO 7110 BRF 8% 1 23 1A 42 B 26 B s - 70%
B A A B B R, ER % T #8 75 30.40.60 min
RO, KRB 60 min B 5 % 43 1 $2 HL
BRI o
32 BiEFHMTRE

FLEE T 0.1%FH ER VAT - £ 15« 0.05%M0 R 17 i -
L 0.05%E R 7 W - I+ 0.05% 7% R Vi Wi - £
JiE - HBE . 0.05%7% B 17 - £ - DU &g . 0.05%
TR PRV VR - £ T - I - DY S PR R S5 AN R B AH &R 4t
TR FH A IR ) G 00 25 6o 0o R T VR AT
SRR, A& E DL 0.05% 1 FR VA - £ - DY
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Table 5 Grey correlation coefficients (relative to optimal sequence) for each index of Crataegi Fructus from different origins

s KERBRE

SR FILFE HREEAERET HORERSET MR AT S BHET MER
S1 0.383 0.366 0.370 0.358 0.418  0.488 0.506 0.494 0.408
S2 0.355 0.389 0.377 0.457 0.723  0.388 0.451 0.381 0.480
S3 0.383 0.474 0.454 0.428 0.632  0.333 0.394 0.341 0.543
S4 0.374 0.351 0.337 0.506 0.663  0.409 0.434 0.397 0.432
S5 0.422 0.381 0.450 0.434 0.841  0.461 0.401 0.395 0.585
S6 0.429 0.342 0.333 0.333 0.605  0.375 0.333 0.333 0.884
S7 0.678 0.525 0.505 0.501 0417 0.724 0.448 0.463 0.425
S8 0.351 0.370 0.364 0.476 0.945  0.524 0.576 0.532 0.635
S9 0.550 0.469 1.000 0.441 0.345  1.000 0.480 0.534 0.340
S10  0.418 0.423 0.502 1.000 0.643  0.794 0.739 0.794 0.572
S11  0.424 0.387 0.340 0.464 0.706  0.484 0.485 0.464 1.000
S12  0.416 0.447 0.405 0.497 0.822  0.390 0.554 0.477 0.472
S13  1.000 0.598 0.453 0.352 0.333  0.596 0.356 0.358 0.377
S14  0.422 0.631 0.385 0.547 0.656  0.561 0.673 0.640 0.348
S15 0412 0.455 0.721 0.499 1.000  0.455 0.569 0.540 0.649
S16  0.444 1.000 0.408 0.573 0.728  0.646 1.000 1.000 0.351
S17  0.480 0.893 0.379 0.527 0.609  0.659 0.808 0.817 0.333
S18  0.693 0.537 0.486 0.347 0.375  0.529 0.409 0.399 0.416
S19  0.340 0.346 0.335 0.457 0.633  0.406 0.521 0.475 0.495
S20  0.390 0.397 0.353 0.521 0.683  0.461 0.470 0.431 0.396
S21  0.333 0.333 0.334 0.457 0.602  0.373 0.521 0.486 0.462
S22 0.375 0.436 0.344 0.345 0.536 0.381 0.435 0.381 0.482
S23  0.400 0.447 0.373 0.340 0.508  0.393 0.426 0.378 0.583

< 6 AE~HHRILER & KEE-TOPSIS I K HF

Table 6 Grey correlation-TOPSIS evaluation and ranking of Crataegi Fructus from different origins

5 Di* Di~ Ci HEP FEHb

S1 1.745 0.312 0.152 22 Bk

S2 1.696 0.462 0.214 16

S3 1.695 0.428 0.202 18

S4 1.723 0.412 0.193 19

S5 1.598 0.616 0.278 12 it

S6 1.760 0.623 0.261 13

S7 1.471 0.641 0.304 10

S8 1.503 0.790 0.344 7 %R

S9 1.466 1.014 0.409 4

S10 1.176 1.109 0.485 2

S11 1.528 0.821 0.350 6

S12 1.552 0.618 0.285 1 L

S13 1.644 0.775 0.320 9

S14 1.423 0.715 0.334 8

S15 1.338 0.925 0.409 5 ]

S16 1.209 1.289 0.516 1

S17 1.294 1.008 0.438 3

S18 1.632 0.501 0.235 14 iy

S19 1.688 0.438 0.206 17

S20 1.657 0.462 0.218 15

s21 1.721 0.406 0.191 20 it}

S22 1.771 0.301 0.145 23

S23 1.731 0.355 0.170 21
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