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Study on the determination of four phenolic acids in different Danshen
preparations by QAMS
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Abstract: Objective A simple, rapid and low-cost quantitative analysis method of multi-components by single marker (QAMS)
was developed to the determination of danshensu, protocatechuic aldehyde, rosmarinic acid and salvianolic acid B in Danshen
preparations (Danshen Tablet, Fufang Danshen Tablet, Guanxin Danshen Capsule, Xin-Ke-Shu Tablet, Shuangdan Capsule).
Methods Danshensu was selected as the internal reference standard, and the relative correction factors were calculated between
other three components with danshensu. The relative retention value method and the retention time difference method were compared
on the component localization. The external standard method was used to verify the reliability of the QAMS results. Results The
tesults showed the relative correction factors of protocatechuic aldehyde, rosmarinic acid and salvianolic acid B were 6.611, 3.845,
2.059, respectively. The relative retention times of protocatechuic aldehyde, rosmarinic acid and salvianolic acid B were 0.314,
0.518, and 0.561, respectively, for accurate location. The QAMS method could assure to obtain consistent results with the external
standard method. Conclusion This proposed QAMS method could provide an effective strategy for routine quantitative analysis
and quality control of Danshen preparations.
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Shuangdan Capsule
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Waters €2698 HPLC (i, FiAfT 2998 M
FE2 A %5 , Empower 3 T AF 4l (3&[E Waters 23]

(Waters); Agilent 1100 HPLC {4i%1%, Ftf5 G1315B
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LR EARAE, L5 0 h 15082714 |
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Table 1 Information of samples

' e K s | s EENIIE LS
D1 TR AL 2l AT FRA F 141025 G5 2595 R b 245 R A ) 150903
D2 TR AL 2l AT FRA F 150301 G6 2595 R b 245 R A ) 151206
D3 TR AL 2l AT FRA F 150534 G7 FE 2542 R 2545 BR 2 =] 151211
D4 TR AL 2l AT FRA F 150744 G8 FE 2542 R h 2545 BR 2 ] 151212
D5 TR AL 2l AT FRA F 150823 G9 FE 2542 R h 2545 BR 2 ] 151218
D6 iy R BN A RA 151053 G10 Ak E R A A F15005
D7 TR AL 2l AT FRA F 151054 X1 LR IR A 2R PR 2 0141174
D8 TR AL 2l AT FRA F 151072 X2 LR IR A 2R PR 2 0150573
D9 TR AL 2l AT FRA F 151128 X3 LR IR A 2R PR 2 0151198
D10 R 2 A BR A F 150507 X4 W AR IRAR R 2R A IR A A 0151199
D11 R 2 A BR A F 151207 X5 W AR IRAR R 2R A IR A A 0151229
Fl Jent B 2] 14121076 | X6 I ZRIR AR B 2R A BR A 0151248
F2 Jb R R 2G) 14121421 | X7 LR IR A 2R PR 2 0260101
F3 e R 25 15121251 | X8 LR IR A 2R PR 2 0160269
F4 Jb R R 2G) 15121256 | X9 LR IR A 2R PR 2 0160385
F5 IR IS PNIIP IRy ES T K4A029 | X10 W AR IRAR R 2R A IR A A 0160448
F6 IR IS PNIIP IRy ES T I5A006 S1 ] ZR A R ] 150401
F7 ] AR E L I 2 A L160301 S2 ] ZR A R ] 150402
F8 ]R3 A 3120513 S3 JINSEZR A PR A H 150701
F9 ] HRAE 2L A F] 151101 S4 JINSEZR A PR A H 151201
F10 TR R TTZAF] 141001 S5 JINSEZR A PR A H 151204
F11 L AZAR A ZDA1548 S6 ] FEZR 2 R ] 160104
Gl 25 eI 2 R A 150105 S7 ] INEZR N A PR A ] 160501
G2 [l 2543 BRI 254 BR 2 ] 150603 S8 NSRRI 24 PR 7] 160504
G3 25 BRI 2 R A A 150606 S9 ] INEZR N A PR A ] 160602
G4 2593 BRI 25 BR A 150706 S10 ] A R A 160701
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B-Danshen Tablet C-Compound Danshen Tablet D-Guanxin Danshen Capsule

G-negative sample of Compound Danshen Tablet

A-mixed reference substances
F-Shuangdan Capsule
Xin-Ke-Shu Tablet

H-negative sample of Guanxin Danshen Capsule

J-negative sample of Shuangdan Capsule
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Fig.1 HPLC of mixed reference substances and samples
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R BEPRE, I 50% FY I TEC 1) s JoT 6 9 JE 93 ol A
1.712. 0.351, 0.584 F1 1.612 mg/mL (K5 I i il 4
o 70 RS 25 WY DSS X L A 29 15+ 1554 315,
470, 625 puL, PAL XJ A fiti &3 2+ 50, 100, 150
200 uL, RA XS &30 154 225+ 440, 675, 840
uL, SAB X[ S &9 65. 625, 1 2504 1 875.
2500 uL, ‘& 5SmL T, 50% F e 2 S A
AN TR FSE PRIV 5 0T F S I A o
23 i@ &

ARFFSHIFI AL 0.1 g, FiEHhe, BER
FEHMETRI T, RSN 50% FHEE 10 mL, 2%, K
SE I, AR (T 200 W, % 40 kHz) 30
min, A RERE, HARCER, B 50%HEE
SEURR I E R, BE4), 13 000 r/min 250 10 min, HYX
IEWL BT AR AT O S AR b AR Ak T RN
WL, ISP BIERE S, 2 E1% Bk DT E R
I P A ot Y
24 FHEFER
241 ZLMERRFL HulkEERK 2.1.2 TN R
HIYE A6 B 20 uL, VRN RO € 3 A o
LR R R, A g AR, Zxihlbrit ih
g, 195 R R MOCRE G Fig itk
il 7351 & DSS Y =626 662 X - 30 345, r=0.999 8,
2R PEVEH 0.103 ~ 4.280 ug; PAL Y =4 104 158 X - 13
772, r=0.999 7, &M 0.003~0.281 pg; RA
Y =2 244 764 X + 20 074, r=0.999 8, ZltiEH]
0.035~1.962 ug; SAB Y=1 263 036 X - 102 042, r =
0.999 8, Z&PEuH 0.419~16.120 pg.

242 FEEERK BG5S, 1% 2.1.3 TR
R, EELLERE 6 X, dsk DSS. PAL.

RA. SAB [FUEIHIAR, TH8A R I A K RSD 43
WR 1.00% 1.04%. 0.72%-. 1.12%, WX #eks
R R

243 EEMERE WGl S, %213 01
AT AR 6 17, 73 BEFE, it 5% DSS.PAL.
RA. SAB USRI IFTHE S & WAL i b 5 ik
I3 B I E Sk 4.230. 0.353. 1.410. 18.437
mg/g, RSD 73124 0.52%. 0.39%. 0.44%. 0.76%,
KWL EE M R

2.4.4 FoEtEE  BCGL SN, 2 2.1.3 TR
P, ol TREA IS S 00 64 124 18,

24, 36 h ¥EFE, id3E DSS. PAL. RA. SAB [{ITH
TR, THEE A 23 I THIAR 1) RSD 43514 0.68%1.0.94%
1.05%- 0.93 %, T MERAE 36 h W
EPES
2.4.5 FEEDEGALS: ICAE R Gl SFER Y
0.05 g, 4L 6 4, K FRE, M BRI
AERE & PRI B 23 S 6 R IR 2 LR 101,
F 2.1.3 TR, 2EFE il sk DSS.
PAL. RA. SAB [WUHIA . THE#5 B 0T34 ke
[ 53 5] 2 100.28%- 102.93%- 99.78%- 97.37%,
RSD 4350 1.13%+ 0.89%. 1.16%. 0.97%, W]
TS BT
2.5 QAMS FREIFMIERHIEL
251 fitE AKX S = 4/C) 1 (44/C)
XRF R AT fe AT VRS, JLrh 4, I FRFI Y i
TR, A, NS s WIETA, C ORI
i R, C NS s TS s,
LLFZ % hNZ, 115 PAL. RA. SAB 5 DSS 2
(PR fos 775N s foarmss = 6.611, frapss = 3.845,
JsaBmpss = 2.059.
252 fis i F PR 52

(D ANFMCES S EIEFES £ I SEK5 %%
T Waters I Agilent PIFIAS R (35 R 4855 (e
XDB. SB. XB 3 FiA Al GRS AR S5 £
(RIS, 4559 B8 PAL. RA. SAB 45 DSS 2 Ji] i)
fis EIME R U, RSD £ 0.10%~1.15%, ULWIAN[FA]
AR FIAN[R) E AT 25 17 £ 0 & ), WK
3~4,

(2) RNEAFREXS fip IR KA Waters
O3 R G/ XDB (a4, 23 AlllEfE 0.9 1.0 1.1
mL/min A T RF T fi, 85 FR AT

T3 KREMLEIT £ BISNT

Table 3 Influence of different instruments on f;

A e Jourimss Jeamss  Ssaninss
XDB Waters 6.611 3.845 2.059
Agilent 6.692 3.837 2.091

RSD (%) 0.86 0.14 1.08

SB Waters 6.597 3.810 2.043
Agilent 6.658 3.885 2.110

RSD (%) 0.65 1.37 2.28

XB Waters 6.576 3.765 2.045
Agilent 6.566 3.797 2.072

RSD (%) 0.10 0.60 0.90
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NI, f I R LF, RSD £E 0.70%~
1.78%, W3 5.

(3) AN[AFEEXT fis O3 KA Waters A1
R XDB i, 2l fE 28, 30, 32°CHE
WA A 1) S G5 RRWIAERE IR SN
I, fis BB, WK 66

R4 TRIBIBHER £, HIFE
Table 4 Influence of different columns on f;;

ﬁ(%g *:]_jﬁ fPAI NDSS ka NSS. f(‘AR ‘NSS.
Waters XDB 6.611 3.845 2.059
SB 6.597 3.810 2.043

XB 6.576 3.765 2.045

RSD (%) 0.27 1.06 0.42

Agilent XDB 6.692 3.837 2.091
SB 6.658 3.885 2.110

XB 6.566 3.797 2.072

RSD (%) 0.98 1.15 0.91

£S5 TRIFFRREX £, BN

Table 5 Influence of different flow rates on f;,

R 6 TRALRX £ BIFME
Table 6 Influence of different column temperature on f

*:‘[:?J%ll/oc fDAI NS fI?A NS f(‘AR NS

28 6.597 3.789 2.010

30 6.611 3.845 2.059

32 6.684 3.794 2.058
RSD (%) 0.70 0.81 1.38

2.53  FRR IEEN. BT S EANS

Y, 53 % T AR B I R 22V A R B VR AEAS
AR ) (A NI E . 459, AR
JSC A PR B I ) ZE (R B ORI 22, TAHXS
{REE (IR sh /N, RSD 7E 2.79%~3.77%, SEAL
R RAE, 4 A T AR R B () 20l
reaupss = 1.894, rrapss = 5.3795 Fsappss = 6.599,
AT 6 B gy (RS 2 A7
2.6 &N ERIIE

H T AR FTEST. QAMS 5 ik IR, A S
KA 2.1 TR G2 17 5@ ANkl e 5 #oEs
i+ DSS. PAL. RA Fl SAB {15, ZJEFIH
QAMS 543201 fi, AR DSS Sl i, &I
RIS, Bk ESM A QAMS fifs 4k Bk

AR E/(mL-min ") Foimes  Soumce  Sesmmes
0.9 6.504 3816  2.088 (I STVINUIY L AN 3t S RTE A b=
1.0 6611 3845 2059 AIRHEZE (RD) NF 5%, FBIRFI AN £ 7T 5,
11 6381 3791 2.051 JITEE LI 4 N R 5 QAMS Ji AN A E 1)
RSD (%) 178 0.70 0.9 ZIFI B AR L AT . WK 7~8.
7 HNES ESM 1 QAMS S EMNELE R
Table 7 Determination of four salvianolic acids by QAMS and ESM methods
5E DSS/(mg-g ) PAL/(mgg ") RA/(mgg ") SAB/(mg'g ")
ESM ESM QAMS RD/% ESM QAMS RD/% ESM QAMS  RD/%
DI 5.798 0.441 0.438 0.55  3.091 3.048 1.37 49.675  50.118 0.89
D2 6.442 0.577  0.577 0.07  3.083  3.026 1.84 48.112 48295 0.38
D3 6.054 0.484  0.482 039 2984 2938 1.55 48384  48.694 0.64
D4 5214 0.411 0.410 035 2989 2962 0.90 47.625 48234 1.28
D5 6.253 0.478  0.475 0.57  3.184  3.125 1.85 48229  48.454 0.47
D6 6.727 0.518  0.516 0.56 3406  3.335 2.10 52280  52.475 0.37
D7 8.132 0.650  0.647 0.53 3306 3218 2.68 45778  45.548 0.50
D8 7.403 0.625  0.623 033 3326  3.247 2.39 49352 49321 0.06
D9 6.444 0.503  0.501 050 2918  2.866 1.77 51.139  51.386 0.48
D10 3.408 0204  0.200 2.10  4.000  4.049 1.23 64.989  67.833 438
DIl 3.466 0.191 0.186 284 5175 5227 1.00 74339  77.705 4.53
Fl 2.099 0.125  0.120 3.93 1.819 1.867 2.64 21.741 22519 3.58
F2 2.097 0.121 0.116 424 1.730 1.703 1.53 21.546 21725 0.83
F3 1.972 0.125  0.120 3.93 1.819 1.867 2.64 21.741 22519 3.58
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(XD
- DSS/(mg-g ™) PAL/(mg-g ") RA/(mg-g™") SAB/(mg-g ")
ESM ESM  QAMS RD/% ESM  QAMS RD/% ESM QAMS RD/%
F4 2.039 0.119 0.114 4.45 1.798 1.857 3.30 22.000 22.368 1.67
F5 2.422 0.047 0.048 2.31 1.146 1.178 2.80 21.214 21.785 2.69
Fé6 1.846 0.061 0.061 0.87 1.197 1.150 3.95 23.999 24.240 1.00
F7 7.245 0.986 0.999 1.34 1.327 1.354 2.01 21.590 21.050 2.50
F8 2.532 0.202 0.204 0.95 0.790 0.791 0.05 16.110 16.869 4.71
F9 0.770 0.038 0.036 4.07 1.285 1.260 1.96 27.610 26.836 2.80
F10 1.488 0.063 0.061 2.51 1.753 1.757 0.27 27.750 27.396 1.28
F11 2.944 0.154 0.147 4.88 1.848 1.898 2.75 37.536 36.217 3.51
Gl 6.268 0.474 0.471 0.60 0.913 0.928 1.63 12.635 12.051 4.62
QG2 4.261 0.359 0.359 0.11 1.418 1.444 1.77 18.426 18.320 0.58
G3 5.195 0.590 0.595 0.94 1.013 1.033 1.97 13.284 12.822 3.48
G4 3.971 0.351 0.353 0.44 1.513 1.543 2.02 14.795 14.599 1.33
G5 4.225 0.339 0.339 0.12 1.386 1.412 1.92 18.954 18.881 0.39
G6 4.100 0.425 0.430 1.12 1.706 1.733 1.59 13.733 13.459 1.99
G7 3.827 0.388 0.393 1.17 1.711 1.745 1.97 16.054 15.956 0.61
G8 3.845 0.392 0.397 1.17 1.675 1.708 1.95 11.503 11.176 2.84
G9 5.336 0.707 0.716 1.28 0.964 0.983 2.02 13.859 13.399 3.32
G10 6.238 1.037 1.052 1.41 0.992 1.005 1.32 12.289 11.697 4.82
X1 3.917 0.605 0.621 2.63 1.541 1.574 2.10 10.832 10.459 3.45
X2 4.289 0.707 0.725 2.49 1.348 1.375 1.97 11.525 11.120 3.51
X3 4.129 0.503 0.512 1.73 1.515 1.543 1.90 12.666 12.338 2.59
X4 3.981 0.681 0.700 2.89 1.575 1.607 2.02 12.353 12.039 2.54
X5 4.063 0.595 0.609 2.37 1.516 1.546 2.00 10.711 10.305 3.79
X6 3.946 0.559 0.572 2.37 1.557 1.590 2.10 10.841 10.461 3.50
X7 3.959 0.533 0.544 2.17 1.578 1.610 1.99 9.972 9.550 4.23
X8 4.397 0.672 0.687 2.21 1.384 1.408 1.74 12.049 11.650 3.31
X9 3.952 0.625 0.642 2.68 1.533 1.564 2.08 11.599 11.256 2.96
X10 4.336 0.676 0.692 2.30 1.323 1.348 1.94 10.822 10.382 4.07
S1 11.642 0.563 0.552 1.84 0.747 0.753 0.73 19.323 18.556 3.97
S2 11.098 0.490 0.479 2.17 0.755 0.761 0.73 20.120 19.379 3.68
S3 13.932 0.604 0.592 1.98 0.891 0.887 0.44 19.880 19.044 4.21
S4 11.847 0.325 0.312 4.09 0.656 0.667 1.58 18.822 18.040 4.16
S5 11.935 0.481 0.469 241 0.606 0.618 2.10 18.211 17.423 4.32
S6 13.627 0.751 0.740 1.39 1.543 1.506 2.44 19.987 19.161 4.13
S7 13.656 0.885 0.876 1.06 1.464 1.431 2.25 20.217 19.387 4.11
S8 11.827 0.714 0.705 1.24 1.344 1.321 1.73 17.409 16.621 4.52
S9 11.813 0.516 0.505 2.15 0.689 0.698 1.30 20.418 19.643 3.80
S10 12.032 0.389 0.376 3.26 0.628 0.640 1.83 18.429 17.640 4.28
x8 FNAS ESM 1 QAMS EfI4 R
Table 8 Location results of four salvianolic acids by QAMS and ESM methods
i DSS/min PAL/min RA/min SAB/min
ESM ESM QAMS RD/% ESM QAMS RD/% ESM QAMS RD/%
D1 9.274 17.603 17.569 0.19 48.634 49.886 2.58 61.826 61.199 1.01
D2 9.375 17.704 17.760 0.32 48.835 50.430 3.27 62.527 61.866 1.06
D3 9.276 17.605 17.573 0.18 48.636 49.897 2.59 62.128 61.212 1.47
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(5% 8)
e DSS/min PAL/min RA/min SAB/min
ESM ESM  QAMS RD/%  ESM  QAMS RD/%  ESM  QAMS RD/%

D4 9.267 17.506 17.556 0.28 48.687 49.849 2.39 61.829 61.153 1.09
D5 9.278 17.607 17.577 0.17 48.638 49.908 2.61 61.930 61.226 1.14
D6 9.279 17.608 17.579 0.17 48.639 49913 2.62 61.831 61.232 0.97
D7 9.380 17.709 17.770 0.34 48.940 50.457 3.10 61.842 61.899 0.09
D8 9.271 17.610 17.563 0.26 48.641 49.870 2.53 61.893 61.179 1.15
D9 9.282 17.611 17.584 0.15 48.642 49.930 2.65 61.834 61.252 0.94
D10 9.383 17.712 17.776 0.36 48.683 50.473 3.68 61.935 61918 0.03
D11 9.284 17.613 17.588 0.14 48.644 49.940 2.66 61.836 61.265 0.92
F1 9.297 17.529 17.613 0.48 48.653 50.010 2.79 62.077 61.351 1.17
F2 9.302 17.624 17.622 0.01 48.843 50.037 2.44 62.398 61.384 1.63
F3 9.307 17.719 17.632 0.49 49.033 50.064 2.10 62.019 61.417 0.97
F4 9.312 17.814 17.641 0.97 49.223 50.091 1.76 62.040 61.450 0.95
F5 9.289 17.909 17.598 1.74 49.413 49.967 1.12 62.361 61.298 1.70
F6 9.122 17.604 17.281 1.83 49.503 49.069 0.88 61.282 60.196 1.77
F7 9.173 17.199 17.378 1.04 48.453 49.343 1.84 61.003 60.533 0.77
F8 9.300 17.494 17.618 0.71 49983 50.026 0.09 62.324 61.371 1.53
F9 9.212 17.289 17.452 0.94 49.773 49.553 0.44 61.645 60.790 1.39
F10 9.277 17.384 17.575 1.10 49.363 49.903 1.09 61.966 61.219 1.21
F11 9.269 17.643 17.560 0.47 50.931 49.860 2.10 62.295 61.166 1.81
Gl 9.275 17.587 17.571 0.09 48.880 49.892 2.07 62.174 61.206 1.56
G2 9.281 17.565 17.582 0.10 48.611 49.924 2.70 61.859 61.245 0.99
G3 9.287 17.579 17.594 0.08 48.742 49.956 2.49 61.844 61.285 0.90
G4 9.284 17.598 17.588 0.06 49.173 49.940 1.56 61.829 61.265 0.91
G5 9.213 17.594 17.454 0.80 48.804 49.558 1.55 61914 60.797 1.80
G6 9.206 17.616 17.440 1.00 48.535 49.521 2.03 61.599 60.750 1.38
G7 9.198 17.497 17.425 0.41 48.266 49478 2.51 61.284 60.698 0.96
G8 9.170 17.502 17.372 0.74 48.997 49.327 0.67 61.969 60.513 2.35
G9 9.181 17.477 17.393 0.48 48.728 49.386 1.35 61.654 60.585 1.73
G10 9.199 17.602 17.427 0.99 48.459 49.483 2.11 61.339 60.704 1.03
X1 9.244 17.600 17.512 0.50 49.164 49.725 1.14 62.446 61.001 2.31
X2 9.329 17.563 17.673 0.63 49.659 50.182 1.05 62.431 61.562 1.39
X3 9414 17.526 17.834 1.76 50.154 50.640 0.97 62.416 62.123 0.47
X4 9.299 17.389 17.616 1.31 50.649 50.021 1.24 62.401 61.364 1.66
X5 9.384 17.452 17.777 1.86 51.144 50.478 1.30 62.386 61.925 0.74
X6 9.269 17.415 17.560 0.83 51.339 49.860 2.88 62.371 61.166 1.93
X7 9.254 17.378 17.531 0.88 51.134 49.779 2.65 62.056 61.067 1.59
X8 9.439 17.451 17.882 2.47 52.129 50.774 2.60 62.341 62.288 0.09
X9 9.424 17.404 17.853 2.58 51.524 50.693 1.61 62.526 62.189 0.54
X10 9.409 17.467 17.825 2.05 51.619 50.613 1.95 62.61 62.090 0.83
S1 9.249 17.583 17.522 0.35 48.601 49.752 2.37 61.915 61.034 1.42
S2 9.231 17.569 17.488 0.46 50.654 49.655 1.97 61.753 60.915 1.36
S3 9.213 17.585 17.454 0.75 50.707 49.558 2.27 61.891 60.797 1.77
S4 9.195 17.541 17.419 0.69 50.968 49.462 2.96 61.929 60.678 2.02
S5 9.177 17.607 17.385 1.26 50.013 49.365 1.30 61.867 60.559 2.11
S6 9.259 17.613 17.541 0.41 50.866 49.806 2.08 61.905 61.100 1.30
S7 9.241 17.599 17.507 0.53 50.719 49.709 1.99 61.943 60.981 1.55
S8 9.323 17.485 17.662 1.01 51.072 50.150 1.81 62.481 61.522 1.53
S9 9.205 17.571 17.438 0.75 51.225 49.515 3.34 61.619 60.744 1.42
S10 9.287 17.457 17.594 0.78 50.778 49.956 1.62 62.457 61.285 1.88
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