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Abstract: Objective To establish a quantitative analysis method of multi-components by single marker (QAMS) for the simultaneous
determination of four tanshinones [tanshinone 11, (TII,), dihydrotanshinone I (DTI), cryptotanshinone (CT), and tanshinone I (TI)],
and to explore its accuracy and feasibility on quality evaluation of traditional chinese medicine preparations about three kinds of related
preparations of Salvia miltiorrhiza. Methods An HPLC method was used to calculate relative correction factors (f;) between other
three components with TII,. The component positioning methods were compared including retention time difference value, relative
retention value, and linear regression methods. Meanwhile, the contents of tanshinones in different preparations of S. miltiorrhiza were
determinated by the external standard method (ESM), including Danshen Tablet, Compound Danshen Tablet, and Guanxin Danshen
Capsule. Measured content value was compared with calculated content value to evaluate the accuracy of QAMS method. Results
Within a certain range, the f;; of DTI, TI, and CT to TII, were 0.734, 0.916, and 0.774, respectively, with the good repeatability in

different experimental conditions. The f;s between other three components with TII, was accurate and reliable, and there was no
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significant difference between QAMS and ESM method. Besides, the relative retention value method could be used to accurately

locate the measuring component. The relative retention values of DTI, TI, and CT to TII, were 0.314, 0.518, and 0.561, respectively.

The contents of three kinds of S. miltiorrhiza preparations showed there were some differences in the intrinsic quality of the products

from different factories, even from different batches of the same manufacturer. Conclusion The QAMS method could be used for

quality control about related preparations of S. miltiorrhiza and provide references for quality evaluation of other preparations. At the

same time, the above three kinds of traditional Chinese medicine preparations should be further strengthened the control and

supervision.

Key words: preparations of Salvia miltiorrhiza; QAMS; tanshinone; slope correction method; linear regression method; Danshen

Tablet; Compound Danshen Tablet; Guanxin Danshen Capsule; tanshinone II,; dihydrotanshinone I; cryptotanshinone; tanshinone I;

Chinese materia medica preparation; quality evaluation; relative correction factor
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Table 1 Information of samples from different sources
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D5 LigFEALZNMEARAR 150823 F10 FRARFT AT 141001
D6  LigFHEALZNEARAR 151053 Fll =MAZARAT ZDA1548
D7  REA EZAARAR 151054 | OIS KE Gl EAEKRGEIIFAGERAR 150105
D8  RifFTH A EARAR 151072 G2 HEAEBREYITAHERAR 150603
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Fig. 1 HPLC of mixed reference substances (A), Danshen Tablet (D1, B), Compound Danshen Tablet (F1, C), Guanxin
Danshen Capsule (G1, D), negative sample of Compound Danshen Tablet (E) and negative sample of Guanxin Danshen

Capsule (F)
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1.6 mL & 10 mL &, HIEE e 25k 6 AN it
SRS FRTR A T R R
2.1.3 AR IIEIS BTSN ETR R
02g, FE%ME, EREHBMT, R%INAFRE
20 mL, FREFiE, @A (D)% 200 W, TAE
Ai# 40 kHz) 20 min, JRE =G, FHOE S,
FFBEAN R T, #2513 000 r/min 2540 10

min, B E3EW, BIfS.
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X—21190, r=0.9995, ZAEJEH] 20.4~326.4 ng;
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TI Y=5 215 695 X—15 301, r=0.999 5, ZIkiEH
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TEEURL XAy fis MOREMR, HPRILE 3. 4.
45 R B oR AN RMSCE ANAN [R] (LB A R I 7y s 2
TG M (RSD /8T 0.85% ).

x2 FRTEAESE f
Table 2 f;; obtained by different calculation methods

‘L‘[‘ﬁ}]/{ fDTI/TII,\ fCT/TII,\ fFI/TII,\
%2 M IEVE 0.737 0.905 0.773
R IE 0.734 0.916 0.774
RSD/% 0.28 0.87 0.13

R3 KREMLEIT f BISNT

Table 3 Influence of different instruments on f;

[N TEs XA Joryrn, Jerm, Jrurn,
DM Waters 0.734 0.916 0.774
Agilent 0.736 0.923 0.777

RSD/% 0.23 0.48 0.22
AJL Waters 0.734 0.927 0.778
Agilent 0.728 0.925 0.782

RSD/% 0.64 0.16 0.36
TCM Waters 0.741 0.928 0.784
Agilent 0.739 0.925 0.778

RSD/% 0.13 0.26 0.50

R4 TRIBIEHER £ HIF0E

Table 4 Influence of different columns on f

e AT Jorumi, Jerrmu, S,
Waters DM 0.734 0.916 0.774
AJL 0.734 0.927 0.778
TCM 0.741 0.928 0.784

RSD/% 0.51 0.70 0.63
Agilent DM 0.736 0.923 0.777
AJL 0.728 0.925 0.782
TCM 0.739 0.925 0.778

RSD/% 0.82 0.14 0.37
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(2) AFAEBURER fis BFI52W: KA Waters
BRSO DM i, 2 lillE e 0.9, 1.0, 1.1
mL/min AR A A F AR 1 fiss SR fis T
PLTE RAF, RSD1E 0.51%~2.88%, WL 5.

(3) AN[EAEXT fos 52 KH Waters 0%
AU DM (iliAe, 2 nldiEE 284 30, 32 CHE
WA TR ) frsr 85 RARLEATIR LN Z A
N, fis BN, RSD /NT- 3.50%, W3 6.
223 FRESCo g e 7 IR o vl e 1) T
e QAMS i PR B Al N7 v 1 DG
O R, SRR AR B € U (R A S 7 2 R
FH O B s T) 2 95 S A O B ALV RN e P [ U 67 9

%5 FEKRFTEM f, KT
Table S Influence of different flow rates on f;

AR B/ (mL-min ") Jorumi, Jermu, Jrurn,
0.9 0.768 0.965 0.779
1.0 0.734 0.916 0.774
1.1 0.764 0.962 0.782

RSD/% 2.49 2.88 0.51
R 6 TRALRX £ BTN

Table 6 Influence of different column temperature on f;
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A3 21 ()R B B[] 2 FAFDO OR BE B I R, it AH
XRZE (RD) X 3 7@ A g5 R AT v, Leig
B OR B IS TR) () v SR S LS E 2 TR R 22 o &5
RN, FEAS A AIAN A € 3 JEORE T B I 1) 22
(1) RSD %K, EHLME. i PR 22 s AHO AR BE (B
THEAS 2L B I 0] 5 S OR B I T AR LG, AR
ZERRER PR IR 8 2K, AR 1 R A SE0 75
SR, HLAE SRR N o S i (s g

Sk, A BCR AR R B AR Al e 23 1t
ATHERE AL, DTI. CT. TI 5 T Z ) A AR A5 B
5 H5E 0.314, 0.518. 0.561. WE 7. 8.
23 &N ERIIE

H T AR FTE ST, QAMS 5k FERf I, AS S
KA “2.17 TR @S5 ESM A3 E] 3

o
T A Som T gl DIL CT. TIL TIL M, 2R
QAMS VETFENN fir MR T, SEMEE, THEILREF
3 0.734 0916 0774 SRS, Rkt ESM R QAMS Jif 4% Bt 17
32 0719 0921 0746 b, SRR 9, SREW 2 FOPEITAL R
RSD/% 171 3.36 2.30 BEVEZES, AR fis ATRE, PTESLHIPFZ R
Fz7 SMEAEAEMEITELER
Table 7 Calculation results of linear regression location method
t/min
e T R KIE T2 REIE A5
DTI CT TI TII
Waters DM R (X 12.491 20.597 22.308 39.754
AJL SEW 1 10.064  16.759  17.556 32314
Tl & (Y)  10.064  16.680  18.076 32314  Y=0.8161X—0.129 1 DTI+TII,
TCM S £ 12.784 20.736 22.273 38.808
M (Y) 12879 20.584 22210 38792  Y=0.950 9 X+1.006 6 DTI+TII,
Agilent DM S £ 12.856 21.218 23.218 41.309
T & (Y)  12.856 21317 23.102 41310  Y=1.0437X—0.1803 DTI+TII,
AJL S £ 10.439 17.432 18.509 34.054
T R (V) 10439 17461 18943  34.055  Y=0.8662X—0.3798 DTI+TII,
TCM S £ 13.065 21.016 22.659 39.459
Tl & (Y)  13.065 20913 22568  39.458  Y=0.968 1 X+0.9726 DTI+TII,
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Table 8 Relative error of positioning results by different methods
B ik b RDP B e sEfE RD
DTI CT TI TI, DTI CT TI TII,
Agilent DM R[] £ 926 440 278 0 EAEMAEME 0 049 040 0
FHXFOR B A 096 087 0.16 0 |Waters AJL  {RE{ Az 4982 21.49 1531 0
AEMAERE 0 046 050 0 AEXT O B AE 0.88 0.10 329 0
AL OREAI )22 3494 1454 1027 0 LHERIREMNE 0 047 297 0
AEXT O BB 250 122 324 0 TCM  {REIWTa) 2 898 523 4.09 0
LHERIAEMNE 0 0.17 234 0 FEXFOR B 484 303 223 0
TCM  {REIWTa) 2 6.65 339 285 0 LVERAEM: 074 0.73 028 0.04
FHXOR B 276 272 228 0
£9 FHNES QAMS F1 ESM EENELR
Table 9 Determination of four tanshinones by QAMS and ESM methods
- TII/(mg-g ") DTI/(mg-g ") CT/(mg-g ") TI/(mg-g ")
ESM ESM QAMS RD/% ESM QAMS RD/% ESM QAMS RD/%

DI 0.760 0.177 0.173 2.26 0.626 0.606 3.19 0.436 0.424 2.66
D2 0.666 0.196 0.191 226 0.659 0.638 3.19 0.392 0.381 2.66
D3 0.280 0.073 0.074 1.58 0.327 0.321 1.67 0.166 0.165 0.94
D4 0271 0.104 0.106 1.58 0.355 0.350 1.67 0.203 0.201 0.94
D5 0.414 0.147 0.144 2.26 0.449 0.442 1.67 0.303 0.295 2.66
D6 0.328 0.132 0.129 226 0.347 0.341 1.67 0.265 0.262 0.94
D7 0.187 0.094 0.095 1.58 0.240 0.232 3.25 0.180 0.178 0.94
D8 0.528 0.162 0.159 226 0.464 0.456 1.67 0.360 0.350 2.66
D9 0.775 0.182 0.178 2.26 0.597 0.578 3.25 0.426 0.415 2.66
D10 1.105 0.281 0.275 226 1.183 1.146 3.19 0.465 0.453 2.66
D11 0.851 0.395 0.389 1.58 1.333 1.290 3.19 0.509 0.495 2.66
F1 0.689 0.132 0.129 226 0.465 0.457 1.67 0.287 0.279 2.66
F2 0.708 0.213 0.209 2.26 0.536 0.527 1.67 0.397 0.386 2.66
F3 0.683 0.177 0.173 226 0.528 0.519 1.67 0.362 0.352 2.66
F4 0.649 0.137 0.134 2.26 0.447 0.440 1.67 0.296 0.288 2.66
F5 0.798 0.270 0.264 226 0.678 0.657 3.19 0.560 0.554 0.94
F6 1.244 0.274 0.268 2.26 0.833 0.806 3.19 0.667 0.660 0.94
F7 1.122 0.254 0.248 226 0.822 0.796 3.19 0.587 0.581 0.94
F8 0.737 0.521 0.513 1.58 0.667 0.645 3.19 0.780 0.773 0.94
F9 0.822 0.122 0.119 226 0.360 0.354 1.67 0.419 0.408 2.66
F10 0.862 0.145 0.142 2.26 0.486 0.477 1.67 0.320 0.311 2.66
F11 1319 0.276 0.269 226 0.893 0.878 1.67 0.629 0.613 2.66
Gl 0.859 0.100 0.099 1.58 0.533 0.524 1.67 0.327 0.319 2.66
G2 0.754 0.105 0.103 226 0.541 0.532 1.67 0.244 0.241 0.94
G3 0.928 0.073 0.072 2.26 0.386 0.380 1.67 0.238 0.235 0.94
G4 0.634 0.070 0.068 226 0.529 0.520 1.67 0.196 0.194 0.94
G5 0.893 0.116 0.115 1.58 0.736 0.724 1.67 0.308 0.300 2.66
G6 0.970 0.153 0.149 226 0.866 0.838 3.19 0.387 0.376 2.66
G7 0.838 0.086 0.084 1.58 0.529 0.520 1.67 0.257 0.255 0.94
G8 0.913 0.093 0.091 226 0.567 0.557 1.67 0.296 0.288 2.66
G9 0.918 0.075 0.074 1.58 0.423 0.416 1.67 0.233 0.231 0.94
G10 0.988 0.061 0.060 1.58 0.240 0.232 3.25 0.204 0.202 0.94
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