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Abstract: Objective To establish a HPLC-QAMS method for simultaneous determination of notoginsenoside R,, ginsenoside Rg,,
ginsenoside Rb,, 3'-hydroxy puerarin, puerarin, 3'-methoxy puerarin, senkyunolide A, ligustilide, tetrahydropalmatine,
dehydrocorydaline, corydaline, notopterol and isoimperatorin in Jingtong Granules, and to analyze and evaluate the content detecting
results of 13 components by grey relational analysis. Methods The chromatographic column Shimadzu C,; was used. And using
acetonitrile-0.1% phosphoric acid as mobile phase with gradient elution. The detection wavelength were 203 nm for notoginsenoside

R,, ginsenoside Rg,, ginsenoside Rb,, 280 nm for 3'-hydroxy puerarin, puerarin, 3'-methoxy puerarin, senkyunolide A, ligustilide,
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tetrahydropalmatine, dehydrocorydaline, corydaline and 315 nm for notopterol and isoimperatorin. The contents of 13 components
were determined by external standard method (ESM). Taking puerarin as internal standard substance, the relative correlation factor
(f) of notoginsenoside R,, ginsenoside Rg,, ginsenoside Rb,, 3'-hydroxy puerarin, 3'-methoxy puerarin, senkyunolide A, ligustilide,
tetrahydropalmatine, dehydrocorydaline, corydaline, notopterol and isoimperatorin was calculated, and the contents of 12
components were calculated. The differences between the content detecting results by ESM and HPLC-QAMS method were
compared. Based on the grey relational degree, the HPLC-QAMS method conent detection data of 13 component of different
batches of Jingtong Granules were analyzed, and the sample of 15 batches of Jingtong Granules was comprehensively quality
evaluated. Results Notoginsenoside R,, ginsenoside Rg,, ginsenoside Rb,, 3'-hydroxy puerarin, puerarin, 3'-methoxy puerarin,
senkyunolide A, ligustilide, tetrahydropalmatine, dehydrocorydaline, corydaline, notopterol and isoimperatorin had good linearity in
their respective ranges (7 = 0.999 2). The average recoveries of the 13 components (n = 9) were between 96.86%—100.37% with the
relative standard deviations less than 1.65%. The established RCF had good durability, and the results calculated with HPLC-QAMS
method were consistent with the results by the ESM. The results of grey correlation analysis showed that the relative correlation
degree of 15 batches of Jingtong Granules was 0.332 4—0.600 4, indicating that there was a certain quality difference between
batches of Jingtong Granules. Conclusion HPLC-QAMS multi-index component quantitative control combined with grey relational
analysis is convenient and accurate, and can be used for the comprehensive quality evaluation of Jingtong Granules.

Key words: Jingtong Granules; HPLC-QAMS; multi-index component; grey relational analysis; comprehensive quality evaluation;

quantitative control; relative correlation factor; relative correlation degree
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54~65 min,46.0%—65.0% A ; 65~70 min, 65.0%—>
15.0% A, HEFFE 10 uLo
2.2 RRHHE
221 REXMNERIBEBSE S W=L2ER.A
ZHEFF R ASEHRD, J-HEERE BRE.
3-HAEEERRE IS A A AN EHR
CF L FER TR O ST B RO B &
RS B, FH 70% I 0T 2R FE 43 0 0.974
0.492. 0.374. 0.918. 3.040. 0.752. 0.614. 0.890.
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Table 1 Linear relationships of each component in Jingtong Granules

D %ix EYEp.y 2R VU / (ug-mL™) r
= hLREFR, Y=3.667 8 X 10° X+ 1 186.4 4.87~243.50 0.999 4
ANZ B H Rg, Y=1.757 5X10° X—1 962.1 2.46~123.00 0.999 7
NS B H R, Y=1.868 3X 10° X—500.6 1.87~93.50 0.999 6
3R R Y=3.3126X10° X—1047.4 4.59~229.50 0.999 4
BIRE Y=2.354 0X 10° X+697.2 15.20~760.00 0.999 6
3-FESEEIRE Y=3.1122X10° X—819.9 3.76~188.00 0.999 3
) AR A Y=2.021 9X10° X+1 365.1 3.07~153.50 0.999 4
NN Y=2.872 8X10°X—242.9 4.45~222.50 0.9997
MR OE Y=8.2430X10° X+1531.0 0.69~34.50 0.999 9
FEERET Y=1.106 2X 10° X+ 175.0 0.77~38.50 0.999 6
K Y=4.865 1X10° X—102.9 0.41~20.50 0.999 3
JeIELE Y=1.549 1X10° X—1 870.1 1.62~81.00 0.999 2
SEBERATE 3 Y=2.562 3% 10° X—826.9 9.85~492.50 0.999 6
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25 10-FE KB 11K B0 12-9600 82 5 13- R RRAT 9K
1-notoginsenoside R, ; 2-ginsenoside Rg, ; 3-ginsenoside Rb, ;4-3"-hydroxy puerarin; 5-puerarin; 6-3'-methoxy puerarin; 7-senkyunolide A ; 8-ligusti-
lide ; 9-tetrahydropalmatine ; 10-dehydrocorydaline ; 11-corydaline ; 12-notopterol ; 13-isoimperatorin
E1 REWMRAA) FEHH(B) GR=EAEHER(C) RERPFERER (D) BRI ERMEER (E) GREHRERMERER(F)
FERFEE AR M (G) B HPLC &k E
Fig.1 HPLC chromatograms of mixed reference substances (A), Jingtong Granules sample (B), sample without Notogin-
seng Radix et Rhizoma (C), sample without Puerariae Lobatae Radix (D), sample without Chuanxiong Rhizoma (E), sample
without Corydalis Rhizoma (F) and sample without Notopterygii Rhizoma et Radix (G)
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0.771. 0.389. 0.274. 0.719. 1.986. 0.591. 0.498.
0.667.0.078.0.116.0.061.0.249.1.551 mg:mL™"), i
142,227 75 TR IRE G T, AR 42,17 0 6
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SRR ORI, 15 13 Ff oy S 3N BT Wi e 43 g3l
N 99.26%- 96.86%. 98.62%-. 100.37%- 98.69%.
98.64%-+ 98.45%-. 99.21%-. 98.88%. 100.17%-
98.89%- 98.82%-+ 99.08%, RSD 4 #] N 1.12%.
1.13%10.97%-0.59%- 1.65%- 0.86%- 1.04%- 0.68% -
1.41%-1.07%+1.59%1.27%+1.22%.
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Table 2 fof each component in Jingtong Granules
etk T
e f=towr fasewra frsowrn frpmsne fremesne Donswma fasom fanzez [rason fram frew [ rmins
1 0.6352 1.3662 1.2569 0.7047 0.7415 1.1534 0.8430 2.8624 2.1377 4.8158 1.4967 0.9399
2 0.6320 1.3725 1.2548 0.7028 0.7419 1.1512 08170 2.8758 2.1323 4.7954 1.5130 0.8979
3 0.6406 1.3347 1.2627 0.7057 0.7415 1.1539 0.8236 2.8792 2.1393 4.7606 1.5000 0.903 1
4 0.6328 1.3434 1.2583 0.7006 0.7476 1.1523 0.8225 29135 21255 4.7738 1.4831 09186
5 0.6514 1.3319 1.2622 0.7223 0.7733 1.1798 0.8134 27758 2.1223 49370 1.5636 0.9259
6 0.6406 1.3405 1.2597 0.7094 0.754 4 1.1624 0.8202 2.8630 2.1287 4.8282 1.5153 09178
“FHME 0.6388 1.3482 1.2591 0.7076 0.7500 1.1588 0.8233 2.8616 2.1310 4.8185 1.5119 09172
RSD/% 1.13 1.26 0.24 1.10 1.67 0.95 1.26 1.61 0.32 1.31 1.85 1.67
F3 UERBEES FRFMN
Table 3 Influence of instruments and columns on f
&z B fovenni faserra S asnww froomans fromasms Sommma [avns [anses fraesn Preew oo fromns
LC-  Shimadzu C,; 0.626 8 1.3292 1.2513 0.7012 0.7396 1.1423 0.81352.8026 2.1182 4.78511.48390.902 6
10AT Agilent TC-Cy5 0.6346 1.3483 1.2596 0.7083 0.7518 1.1576 0.82472.8693 2.1327 4.81641.51620.9137
Waters ODS C30.642 1 1.3677 1.2673 0.7197 0.7653 1.1682 0.83592.9049 2.1496 4.92191.54870.9354
Waters Shimadzu C,; 0.6253 1.3263 12506 0.7005 0.7391 1.1417 0.81272.8014 2.1175 4.78151.47920.901 1
€2695 Agilent TC-Cj; 0.6325 1.3451 12584 0.7074 0.7512 1.1562 0.82362.8677 2.1306 4.81271.514609125
Waters ODS C50.6409 1.3649 12655 0.7188 0.7645 1.1675 0.83542.9035 2.1471 4.91831.54010.9342
EME 0.6337 1.3469 12588 0.7093 0.7519 1.1556 0.82432.8582 2.1326 4.83931.51380.9166
RSD/% 1.10 1.29 0.55 1.17 1.52 1.01 1.22 1.62 0.64 1.33 1.87 1.64
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F4 FERREX RN

Table 4 Influence of flow velocitys on f

PR

/(ML fopesn fasesra fasesrn frnnans fomomne frosmma  farom  fumeer [raenn Freum [ram

min™")

I sz

0.8  0.6288
1.0 06321
12 06437

FEIE 0.6349

1.3275
1.3454
1.362 8
1.3452

1.2523 0.7010 0.7387
1.2584 0.7075 0.7523
1.2656 0.7162 0.764 1
1.2588 0.7082 0.7517

1.1437 0.8157 28069 2.1197 4.7728
1.1562 08236 28673 2.1348 48105
1.1678 0.8361
1.1559 0.8251
RSD/% 1.23 1.31 0.53 1.08 1.69 1.04

1.4873 0.9058
1.5126 09107
29021 21464 49043 1.5442 009335
2.8588 21336 48292 15147 09167
1.25 1.69 0.63 1.40 1.88 1.61

R5 HEEX FHIEZIE

Table 5 Influence of column temperature on f

FEHRCC f = vawri fasuirag fasuire fommmns ovomes fommsa  faonm  fonser [rmemm fren [ rew

f LNIEZES

25 0.6296 13266 12539 0.7001 0.7376
30 0.6339 13419 12591 0.7084 0.7511
35 06425 13607 12637 0.7163 0.763 4
P 06353 13431 12589 0.7083 0.750 7

1.1456 08133 28075 2.1236 4.7583
1.157 1
1.1669 0.8352 29014 2.1458 4.8904
1.1565 0.8244 28580 2.1338 4.8209
RSD/% 1.03 1.27 0.39 1.14 1.72 0.92

1.4895 09081
1.5142 009136
1.5461 0.9380
1.516 6 09199
1.33 1.66 0.53 1.38 1.87 1.73

0.8246 28652 21319 48139

R 6 NN EIEHERTE TR E A E B #20

Table 6 Influence of instruments and chromatographic columns on relative retention time

FET £ B2 I ]

€ e =t AZE AZE

R, F Rg,

SR SRR TN SRR R EAR L S
Ry, WK HHE AEEA B 2% EW T oz

LC-  ShimadzuC,; 04396 0.5385 0.6813 0.8725
10AT Agilent TC- C5 0.446 1 0.5413 0.687 6 0.8847
Waters ODS Cj5 0.4513 0.5466 0.6961 0.893 4
Waters ~ Shimadzu C; 0.4350 0.5322 0.6785 0.867 2
€2695 Agilent TC-C\s 0.4395 0.540 1 0.6857 0.8819
Waters ODS C; 0.448 7 0.5459 0.6942 0.890 1
FYME 0.4434 0.5408 0.6872 0.8816
RSD/% 142 098 1.01 1.15

1.0571 1.2813 13758 1.5758 1.6308 1.789 0 2.050 5 2.164 8
1.0595 1.2937 1.3894 1.5906 1.6583 1.797 6 2.064 3 2.188 2
1.0798 1.2996 1.4053 1.6083 1.6774 1.8123 2.0897 2.209 7
1.0406 1.2729 13619 1.5614 1.6219 1.7715 2.0315 2.140 3
1.0413 1.2904 13766 1.5847 1.6543 1.7949 2.0592 2.186 9
1.0787 1.2961 1.4020 1.6052 1.6758 1.8106 2.086 4 2.209 1
1.0595 1.2890 1.3852 1.5877 1.6531 1.796 0 2.063 6 2.183 2

0.78 1.21 1.12 138 0.84 1.07 1.23

MV FEAR  H PN 80P A Z,,(n=1,2,3,
15;m=1,2,3,,13), B ARy, =2,/2,(Z, N
FARIR R BRI S5 R, Z,, NS AR bR ) A
W g FF 3 H O 6 R ah E 4 AT B 1L b
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THED IEEER 8 H 15 HE 20 UKL % PEAN 48 bR 1) B
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1.276 3.1.285 4.1.406 1.1.279 8.1.247 4.1.465 1.
1.294 0.1.316 2.1.266 9.1.274 6 3% BU& PEA 45 bx
(1) B /NMEAF I 22 2 F 7 51 Y, 9 0.590 8.0.717 6.+
0.612 5.0.778 9.0.781 7.0.763 3.0.630 6.0.761 1.
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xR7T FURBALP 13T RESBNELSR (n=3)
Table 7 Determination results of 13 components of Jingtong Granules (n=3)
o - : R S me e ) — —
% Tl %*E%?ijj% NS 2 )54‘5% iié% 3’;EF'¥L NG RBA EHR KEAR P %‘JE@E:IZAHU o
TR, FFRg, FRb, HIRE LMK ABA Wl 4xH GEES
S1  ESM 7479 4.015 1.806 1.041 2.628 2633 2239 3209 0352 0.542 0.271 1.119 6.812 26.667
QAMS 4.082 1.822 1.067 2.679 2.617 2285 3262 0345 0553 0276 1.105 6.881 26.974
S2  ESM  6.690 4.483 2.029 0.772 3.042 2495 3.132 3315 0371 0.607 0.262 1.061 7.896 29.465
QAMS 4.547 2065 0.765 3.108  2.542  3.165 3373 0368 0.618 0.268 1.077 7.978 29.874
S3  ESM 8301 3.642 1.714 0.871  2.801 3.817 2.704 2.743 0422 0.537 0.285 0.972 7.291 27.799
QAMS 3.671 1.743 0.882 2814 3.876 2.739 2.706 0.431 0.546 0.292 0.966 7.324 27.990
S4 ESM 8.017 3.886 1.861 1.014 2844 2652 2549 2936 0.391 0.581 0.297 1.009 7.015 27.035
QAMS 3.929 1.889 1.006 2.881  2.677 2.593 2993 0.386 0.590 0.301 1.021 7.098 27.364
S5 ESM 8881 3.783 1.946 0.833 3.010 2726 2.811 3.110 0.401 0.597 0.304 0946 7.713 28.180
QAMS 3.821 1972 0.855 3.024 2765 2.865 3.168 0.410 0.603 0.310 0.937 7.749 28.479
S6 ESM 8503 3381 1.623 0.832 2715 3.118 3.004 2975 0.447 0.527 0.289 0918 7.501 27.330
QAMS 3.413 1.660 0.817 2747  3.150 3.037 2912 0453 0.535 0.283 0.901 7.536 27.444
S7 ESM  8.125 3.102 1.538 1.104 2871 2359 1984 2.657 0318 0472 0.251 0982 6.219 23.857
QAMS 3.185 1574 1.131 2946 2413  2.031 2.721 0.325 0480 0.257 0998 6.376 24.437
S8 ESM 6334 1.865 1.328 0.696 2369 2126 2917 2542 0.223 0.286 0.365 0.839 5.564 21.120
QAMS 1.827 1359 0.678 2322  2.104 2944 2591 0.228 0.283 0.373 0.823 5.510 21.042
S9 ESM  6.677 2.633 1.326 0.638 2561  2.154 3.257 2.879 0.247 0.345 0.360 0.861 5.892 23.153
QAMS 2.591 1353 0.646 2500 2.196 3.295 2.852 0.252 0.343 0.365 0.849 5945 23.187
S10 ESM  6.468 1971 1.303 0.577 2447 2237 3314 2.604 0.211 0365 0.379 0.781 5.659 21.848
QAMS 1.993 1311 0.593 2416 2265 3.359 2651 0207 0370 0385 0.792 5.731 22.073
S11 ESM 6985 2.845 1364 0.723 2594 2421 2.851 2.081 0.257 0329 0.347 0.859 6.102 22.773
QAMS 2.808 1390 0.741 2559 2464 2807 2.058 0.262 0337 0355 0.871 6.185 22.837
S12 ESM  9.997 2355 2203 1.449 3.751 3.415  1.688 2.184 0.513 0301 0.238 1.341 9.153 28.591
QAMS 2394 2224 1463 3.805 3463 1.655 2210 0.52 0.308 0.242 1300 9.209 28.793
S13 ESM 10415 2.419 2382 1378 3.604 3209 2427 2357 0.529 0.551 0.208 1.246 9.326 29.636
QAMS 2483 2411 1399 3.649 3262 2451 2384 0541 0562 0.212 1.223 9.457 30.034
S14 ESM 8.886 2.655 2.107 1216 3.518 3309 2115 2.124 0457 0.502 0.251 1271 9315 28.840
QAMS 2.703 2.132  1.205 3.547 3361 2156 215 0464 0510 0250 1.250 9.441 29.169
S15 ESM  9.782 2914 2471 1259 3.683 2145 1963 2483 0.556 0.513 0.223 1.298 8.793 28.301
QAMS 2937 2499 1275 3.721 2194 1987 2531 0562 0526 0.219 1.279 8.869 28.599
VLR SR IR RE S 5 S B AIMERE 3 iTig

FER, ;e FILZBARR, =R,/ (R, TR, F S
RS RURLAE G B R, R, 7E 0~ 1, BUEBROK , 3R B4
PR XS R L5 R AT, f Bk 72 , 45 5 L3R
9. HHMLATEN, BE S S13.S15.S12 F1 S14 7 T HE4 1l
AT, G TR B A, BE T S8.S10.S11 Al S9 £ T HE
205 A0L, SR A TR B AR , KB ORI BE o M HE T
45 S5 20098 UKL 13 T o3 o 5 4 B RN A SR A
W o 2 B ASIF 78 BT B 7 ) K €8 9% Bk B o b ik T
FH T 30098 BURL 9 256 = A -

ARSI B8 E ) 2% (R SV VRN, 1O IR I T PR
T 70% FEETS CFEED00 70% LN, g5 SRR I
70% S EESEEURS , Bl 13 Ff Rk 7 SR BUR R i o 2
F R HOT T R HEAT T B 5%, SR F AR
IFA RN, 15 18] 435 4 3014560 min, 45 5% B
Tkl R $2 B 30 min B, 13 F a2 (19 B2 80K B e
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Table 8 Normalization results of content data of 13 components of Jingtong Granules

mo=tE ASE
5 HR, HRg,

A5
1F Rb,

3-pRdE
HIRE

. 3-F A
BIRR —_—

FENE
NEFA B LER OE S

BAN MR EEE

—
s eEm

S1 13201 0.9973
S2 14704 1.1303
S3 1.1871 0.9541
S4 12706 1.0340
S5 12356 1.0794
S6 1.1037 0.908 6
S7 1.0300 0.8616
S8 0.5908 0.7439
S9 0.8379 0.740 6
S10 0.6445 0.7176
S11 0.9081 0.7609
S12 0.7742 12174
S13 0.8030 1.3197
S14 0.8741 1.1670
S15 0.9498 1.3679

1.1020
0.790 1
09110
1.0390
0.883 1
0.843 8
1.168 1
0.700 3
0.667 2
0.6125
0.765 3
1.5111
1.444 9
1.244 6
1.3169

0.898 6
1.042 5
0.943 9
0.966 4
1.014 4
0.921 4
0.988 2
0.778 9
0.838 6
0.8104
0.858 4
1.276 3
1.224 0
1.189 8
1.248 2

0.923 0
0.8257
1.024 5
0.989 4
1.096 1
1.049 4
1.002 8
0.781 7
0.824 0
0.798 3
0.862 1
1.233 8
1.2854
1.096 7
1.207 3

0.949 4
0.9222
1.406 1
0.9711
1.003 0
1.142 7
0.8754
0.763 3
0.796 6
0.8217
0.893 9
1.256 3
1.1833
1.2193
0.7959

0.870 6
1.2059
1.043 6
0.988 0
1.091 6
1.157 1
0.773 8
1.1217
1.2554
1.279 8
1.069 5
0.630 6
0.9339
0.8215
0.757 1

1.2063 0.8994
1.2474 0.9593
1.0007 1.1236
1.106 8 1.0063
1.171 6 1.068 8
1.076 9 1.1809
1.0062 0.8472
0.9582 0.594 4
1.0547 0.6569
0.9804 0.5396
0.7611 0.6830
0.8173 1.3556
0.8816 1.4103
0.7951 1.209 6
09360 1.4651

1.1579
1.294 0
1.143 2
1.2353
1.262 6
1.1202
1.0050
0.5925
0.718 2
0.774 7
0.705 6
0.644 9
1.176 7
1.067 8
1.1013

09436 1.0769 0.9274
09162 1.0496 1.0753
0.9983 09414 0.9872
1.0291 09950 0.9567
1.0598 09132 1.0444
09675 08781 1.0157
0.8786 09726 0.8594
1.2752 0.8021 0.7427
1.2479 0.8274 0.8013
1.3162 0.7719 0.772 4
1.2137 0.8488 0.8336
0.8274 12669 1.2412
0.7248 1.1919 12746
0.8547 12182 12725
0.7487 12465 1.1954

R ISHATMBIRERERASERFI KESEFT
HXEKERR,
Table 9 Correlation degree to best reference sequence and

worst reference sequence and R, of 15 batchs of Jingtong

Granules

T R, R, R, HeF?
S1 0.528 2 0.5252 0.501 4 10
S2 0.619 4 0.505 5 0.550 6 5
S3 0.549 2 0.496 7 0.5251 7
S4 0.5351 0.496 2 0.5189 8
S5 0.572 0 0.477 2 0.5452 6
S6 0.522 8 0.516 0 0.5033 9
S7 0.4530 0.5857 0.436 1 11
S8 04155 0.834 4 0.3324 15
S9 0.4556 0.720 0 0.3875 12
S10 0.4577 0.793 3 0.3659 14
S11 0.4209 0.712 8 03713 13
S12 0.669 4 0.537 4 0.554 7 3
S13 0.706 5 0.470 2 0.600 4 1
S14 0.603 9 0.492 6 0.550 8 4
S15 0.666 7 0.506 2 0.568 4 2

£ HPLC & B % il #i5 bn il 7 B e FE ), A2 56
S P R AR S IE RN, CUR 25 Nl
i, [R) I S B AV A 2 ROy S JE R 25 =BGk
Wy =tRBERAZSEE R MAZ R RD,,
25 N B ARTRNE B P )1 55 PO I AL TR P T S ]
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By R QAMS V2 S 5L 1 SUJi RIUKL 22 Fi6 b B 73 32
B PR 7 3 5 5 R S 7 PR S A T R B AT
FE G5 R AERA T 58, A ARk S B 5 QAMS % 155
(BTG S 25 22 57 » (R S50 RIURE AP 13 78l Bl oy &5 B A7 AE
— B LI 22 5, 2 WY BT ST 64 T VR AR E U0 KL
AP E R EEE . ARB AL RS R T
W 25 25 IR SCHR 2 10K B BRI A0 N AR AR 1 20 » (ELIAL
U9 ORE 7 PR NS T8 3 AR Al 2 5 A B 2R
VRIS Fm 73 o A AN 9, 0k 250 FURL JiR 24 A SR
AN 7 R o B A o AN K, W A R 1%
INNFRAR B T o R AR A R IR EE 0 AT % 15 41t
ORI RIURL 13 AR 73 5 A7 B A I &5 SR AT T 4%
BBV AL T SRR i R R LR A A T
V25, IR SR 75 ik T T S0 UKL i 5 AR 5 1
s R BB , PPN T R 5T B AR K £ 5%
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