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Quiality evaluation of Tiandan Tongluo Capsules based on HPLC multi-index
component quantification combined with OPLS-DA and EW-TOPSIS
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Abstract: Objective To evaluate quality of Tiandan Tongluo Capsules. Methods The contents of gastrodin, parishin E, parishin A,
kirenol, darutoside, darutigenol, senkyunolide H, senkyunolide I, senkyunolide A, danshensu, salvianolic acid B, cryptotanshinone,
and tanshinone I1a in Tiandan Tongluo Capsules were determined by HPLC. OPLS-DA and EW-TOPSIS methods were used to evaluate
quality of Tiandan Tongluo Capsules. Results The average recoveries of gastrodin, parishin E, parishin A, kirenol, darutoside,
darutigenol, senkyunolide H, senkyunolide I, senkyunolide A, danshensu, salvianolic acid B, cryptotanshinone, and tanshinone lla
were 98.77%, 99.45%, 100.05%, 96.94%, 97.99%, 98.43%, 98.08%, 97.90%, 98.90%, 97.86%, 100.14%, 96.97%, and 99.32% with
the RSD values of 1.09%, 1.32%, 0.63%, 1.43%, 1.51%, 1.30%, 1.57%, 0.83%, 1.64%, 0.94%, 0.70%, 1.41%, and 1.37%. The 15
batches of Tiandan Tongluo Capsules samples were clustered into three categories. Salvianolic acid B, parishin A, darutoside, parishin
E, gastrodin, and senkyunolide A were the key components affecting the quality of Tiandan Tongluo Capsules. The EW-TOPSIS
method can be used for comprehensive evaluation of quality of Tiandan Tongluo Capsules. Conclusion The established method is
rapid, sensitive, accurate, and reliable, and provides a reference for improving the overall quality control method of Tiandan Tongluo
Capsules.
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Fig. 1 HPLC chromatograms of mixed reference substances (A), Tiandan Tongluo Capsules (B), negative sample without
Gastrodiae Rhizoma (C), negative sample without Siegesheckiae Herba (D), negative sample without Chuanxiong
Rhizoma (E), negative sample without Salviae miltiorrhizae Radix et Rhizoma (F)
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Table 1 Regression equation of each constituent

%y EVEp g r LA VE Bl /(ug-mLY)
RIRE Y=3.537 2X 108 X+937.6 0.999 6 6.77~338.50
EFFHRE E Y=4.025 710 X—1 009.0 0.999 2 8.46~423.00
AR Y=2.709 1 106 X+685.2 0.999 4 14.65~732.50
A TR Y=2.589 7106 X—1170.8 0.999 5 0.46~23.00
Bk H Y=2.201 6X10° X+786.8 0.999 9 0.89~44.50
i B A Y=1.935 1X 108 X+1 040.3 0.999 2 0.28~14.00
NN NEEH Y=2.819 2X10°X+1151.6 0.999 4 1.06~53.00
PENNE MR | Y=3.608 6X10° X—1 072.2 0.999 3 1.47~73.50
ENE N A Y=4.219 4X 105 X—951.5 0.999 6 2.85~142.50
VEEF Y=23.957 5X 106 X+990.2 0.999 2 1.74~87.00
FHE L B Y=3.7857X10° X+1 031.7 0.999 4 17.05~852.50
K2 Y=3.288 4106 X—1 002.1 0.999 3 1.37~68.50
FZE 1 A Y=3.097 9X10° X—966.5 0.999 6 2.48~124.00
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F2 RABEREFRKRE. BRHFEE BRFZE. 58 HEFH. HEBE. F)ISHEE H FIISHES L F
SREE A AR, FEEE B, RASHEMASIIANESER (n=3)

Table 2 Determination of gastrodin, parishin E, parishin A, kirenol, darutoside, darutigenol, senkyunolide H, senkyunolide I,

senkyunolide A, danshensu, salvianolic acid B, cryptotanshinone, and tanshinone Il in Tiandan Tongluo Capsules

(n=3)

i J & 53 #(mg-g )
IO — A e AL FE mE WIS WIE wIE Mz Mmoo B O

T E R [ KR AMEH O ABEI WEEA R KB ZE flla
S1 4.127 5.104 8.361 0.213 0.394 0.126 0.479 0.653 1741 0.732 9.248 0.561 1.357
S2 4.644 5.650 9.023 0.268 0.454 0.147 0452 0594 1851 0.794 10.236 0.602 1.571
S3 3.432 5.508 10462  0.237 0507 0.099 0324 0689 1973 0.771 9980 0.586 1.780
S4 5.566 4.940 9.603 0.243 0.448 0.119 0374 0624 2307 0.872 8951 0.637 1.503
S5 5.270 5.220 9.308 0.253 0.484 0.140 0426 0.639 2067 0.812 9458 0.656 1.629
S6 5.822 4.790 10.161  0.226 0.495 0.112 0.362 0670 2196 0.839 8.679 0.677 1.700
S7 6.172 4.610 9.883 0.220 0.439 0.106 0.346 0.609 2424 0956 8352 0.618 1.431
S8 4.695 4.341 7.795 0.283 0.282 0.068 0.274 0554 1349 0666 7.866 0.797 1.167
S9 5.705 4.456 8.110 0.207 0.277 0.073 0.314 0567 1402 0.748 8.073 0.775 1.199
S10 6.826 4.052 7.515 0.195 0.304 0.066 0.251 0536 1.108 0.687 7.343 0.840 1.130
S11  5.982 4.209 7.226 0.187 0.232 0.058 0.287 0515 1224 0.638 7.627 0.815 1.172
S12  3.452 6.936 11.350 0.167 0.332 0.188 0.567 0.862 3.120 1.167 12567 0.505 1.999
S13  3.741 6.799 12.004 0.145 0.382 0.203 0.673 0.884 3.243 1.131 12319 0433 2231
S14  6.363 6.649 10.765 0.137 0.253 0.210 0.620 0.843 2784 1.050 12.048 0.528 1.917
S15  4.382 6.390 11.068 0.129 0418 0.172 0510 0.786 2.488 1.020 11579 0.546 1.838
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Fig. 2 Score chart of OPLS-DA model of Tiandan Tongluo AR TSRS H OB IS | 9IS P
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Table 3 Results of normalization treatment for each index of 15 batches of Tiandan Tongluo Capsules

JH—AfE

G 5 EAg EA ke
3 wERE SR
ENIIS WE et LR FEH -

FENE N
WEEH |

N Am BT s
=
Wi A MmB  BE Wl

W

S1 0.2048 0.3648 0.2375 05455 0.5891 0.4474
S2 0.3571 05541 03761 09026 0.8073 0.5855
S3 0.0000 0.5049 0.6773 0.7013 1.0000 0.2697
S4 0.6288 0.3079 0.4975 0.7403 0.7855 0.4013
S5 0.5415 0.4050 0.4357 0.8052 0.9164 0.5395
S6 0.7042 0.2559 0.6143 0.6299 0.9564 0.3553
S7 0.8073 0.1935 05561 0.5909 0.7527 0.3158
S8 0.3721 0.1002 0.1191 1.0000 0.1818 0.0658
S9 0.6697 0.1401 0.1850 0.5065 0.1636 0.0987
S10 1.0000 0.0000 0.0605 0.4286 0.2618 0.0526
S11 0.7513 0.0544 0.0000 0.3766 0.0000 0.0000
S12 0.0059 1.0000 0.8631 0.2468 0.3636 0.8553
S13 0.0910 09525 1.0000 0.1039 0.5455 0.9539
S14 0.8636 09005 0.7407 0.0519 0.0764 1.0000
S15 0.2799 0.8107 0.8041 0.0000 0.6764 0.7500

05403 0.3740 0.2965 0.1777
04763 0.2141 0.3480 0.2949
0.1730 0.4715 04052 0.2514 0.5048 0.3759
0.2915 0.2954 0.5616 0.4423 0.3078 0.5012
04147 0.3360 0.4492 0.3289
0.2630 0.4201 0.5096 0.3800 0.2557 0.5995
02251 0.2547 0.6164 0.6011
0.0545 0.1057 0.1129 0.0529
0.1493 0.1409 0.1377 0.2079
0.0000 0.0569 0.0000 0.0926 0.0000 1.0000
0.0853 0.0000 0.0543 0.0000 0.0544 0.9386
0.7488 0.9404 0.9424
1.0000
0.8744 0.8889 0.7850 0.7788 0.9007 0.2334 0.7148
0.6137 0.7344 0.6464 0.7221

0.3647 0.3145 0.2062
0.5538 0.4152 0.4005
0.590 4
0.338 8
0.453 2
0.5177
0.273 4
0.033 6
0.062 7
0.0000
0.038 1
0.789 3
1.0000

0.4049 0.5479

0.1931 0.4545
0.1001 0.8943
0.1397 0.8403

1.0000
1.0000 1.0000 0.9319

1.0000 0.1769
0.9525 0.0000

0.8109 0.2776 0.6431

3 g
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FERTF, REEE R

TR 13 NIRRT A KR,
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220 nm KRR BRI E. BERIKF. &L
T Fh 2L MR SORE I, 280 nm R vE 1125 S H.

HNNENES 1 NS AR A PSR FHRE B,
Bl SE RS S0 M ae & TE %M FHBRK
W, WETRAEE, KPR IR B T T 1% 2%
PER R DU B LR AR P AR, B R o B R
Uf o ARSEISAETRIERAIAHRS, BERHEL T HEL - K
ARG - KA FR B AR T, 8T &Yty
et 2 thig, LA - KRG i shAE 2O
If, AR R E, TREEMAANF
WERR VAR (0.05%. 0.1%. 0.2%) HEATERE, WA K
LG - 0.1%BE IR I AE IR BAE RGERT, el r)
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Table 4 Weighting matrix of Tiandan Tongluo Capsules

BE R BRI Fjiﬁu% STE AT %% NG NS NG PP FHB R ﬁ%ﬁ ] %5

HE ARH FlE AMEH Al AEEA B Z B lla
S1 0.2441 0.4644 0.3762 0.3240 0.7529 0.1204 0.2323 0.1777 0.2941 0.0915 0.6251 0.1673 0.1481
S2 0.4257 0.7054 05957 05361 1.0317 0.1575 0.2048 0.1017 0.3452 0.1519 0.9492 0.2209 0.2876
S3 0.0000 0.6427 1.0728 0.4166 1.2780 0.0725 0.0744 0.2240 0.4020 0.1295 0.8652 0.2000 0.4239
S4 0.7495 0.3920 0.7880 0.4397 1.0039 0.1079 0.1253 0.1403 0.5571 0.2278 0.5276 0.2666 0.2433
S5 0.6455 05156 0.6901 04783 1.1712 0.1451 0.1783 0.1596 0.4456 0.1694 0.6940 0.2915 0.3254
S6 0.8394 0.3258 0.9731 0.3742 1.2223 0.0956 0.1131 0.1995 0.5055 0.1957 0.4383 0.3189 0.3717
S7 0.9623 0.2463 0.8809 0.3510 0.9620 0.0850 0.0968 0.1210 0.6115 0.3096 0.3310 0.2418 0.1963
S8 0.4435 0.1276 0.1887 0.5940 0.2323 0.0177 0.0234 0.0502 0.1120 0.0272 0.1716 0.4758 0.0241
S9 0.7983 0.1783 0.2930 0.3009 0.2091 0.0266 0.0642 0.0669 0.1366 0.1071 0.2394 0.4470 0.0450
S10 1.1920 0.0000 0.0958 0.2546 0.3346 0.0141 0.0000 0.0270 0.0000 0.0477 0.0000 0.5320 0.0000
S11 0.8955 0.0693 0.0000 0.2237 0.0000 0.0000 0.0367 0.0000 0.0539 0.0000 0.0932 0.4993 0.027 4
S12 0.0070 1.2730 1.3672 0.1466 0.4647 0.2301 0.3220 0.4467 0.9349 0.5150 1.7140 0.0941 0.5667
S13 0.1085 1.2125 15840 0.0617 0.6971 0.2566 0.4300 0.4750 0.9920 0.4799 1.6326 0.0000 0.7180
S14 10294 11463 1.1733 0.0308 0.0976 0.2690 0.3760 0.4222 0.7787 0.4011 15438 0.1242 0.5132
S15 0.3336 1.0320 1.2737 0.0000 0.8644 0.2018 0.2639 0.3488 0.6412 0.3719 1.3899 0.1477 0.4617

B T T B. EFHZEAF S 11 A NE 5P S it sy

Table 5 Relative ordering of quality evaluation of Tiandan RESEAE R P R B D

Tongluo Capsules

s Dt Di Ci 2350
S1 2.0435 11329 0.356 7 11
S2 1.6440 16139 0.495 4 10
S3 1.684 0 1.9000 0.5301 9
S4 1.4856 1.716 6 0.536 1 8
S5 15140 1.7507 0.536 3 7
S6 14111 19358 0.5784 5
S7 14891 1.8200 0.5500 6
S8 25167 0.8198 0.2457 15
S9 2.346 4 0.963 6 0.2911 13
S10 2.548 2 1.268 9 0.3324 12
S11 2.7229 0.9279 0.254 2 14
S12 15265 2.2853 0.5995 4
S13 13416 2.484 2 0.6493 1
S14 1.409 2 22181 0.6115 3
S15 1.267 6 2.080 2 0.6214 2
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AW T TN HPLC 238 b B 43 i 2 4 4
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i, 253k, 15 #tRPHESRIES 13 Mo
TEALE—E PIRLIRIE 2 5, R IVE R RN
X R KRB S IR AR =R AR SR, FH
RHBAEE—E AL, IR RZ . IR mRA
s, BRHEfG ST g A= Z PR .

OPLS-DA J& —M B WA B i & it J7 i,
R FIRE A (8] 0 22 S bn B 7RSI R
F SPSS 26.0 G it-#k A, LA 15 #LRFHE 4 3 13
ARG 10 B A B0 s B N =, AT R
F RS SHT EHCRHIEE KT 1 A BTN 15
SEOLHT 2 D E R RFEE S 9.782, 1.612, T
ETTERE N 75.244%. 12.400%, R J7 2 51k
KON 87.644%, KT 85%, FHIRT 2 NFEMHH T
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