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Abstract: Objective To establish a quantitative analysis method of multiple active components in Dandeng Tongnao Soft Capsule
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HRMS), and conduct a quality assessment using principal component analysis. Methods The column was Acquity UPLC® BEH
Cig (50 mm x 2.1 mm, 1.7 um) and the mobile phase was consisted of acetonitrile-water (containing 0.1% formic acid) with gradient
clution; the information of accurate mass and fragment ions was obtained by the novel “monitored simultaneously for positive and
negative ions, full MS scan and automatic trigger secondary mass spectrometry” mode of Q-Orbitrap MS technology to ensure the
accurate qualitation and quantitation of the analytes; the results of the contents were then combined with the principal component
analysis to achieve the scientific assessment of the different batches of drugs. Results Under the optimized conditions, betaine,
danshensu, chlorogenic acid, protocatechuic aldehyde, puerarin, caffeic acid, galuteolin, rosmarinic acid, salvianolic acid A,
salvianolic acid B, quercetin, apigenin, senkyunolide A, dihydrotanshinone I, tanshinone I, cryptotanshinone, and tanshinon 11, all
showed good liner relationship (» > 0.999 2) in the range of 0.018 1—0.578 4, 5.555 7—177.782 0, 0.018 1—0.580 3, 0.002 8—
0.089 2, 0.787 2—25.191 3, 0.000 5—0.016 7, 0.007 2—0.228 9, 0.065 8—2.105 3, 0.304 6—9.747 1, 3.888 1—124.417 6,
0.000 5—0.016 0, 0.000 6—0.018 1, 0.002 5—0.080 1, 0.019 8—0.632 8, 0.032 2—1.031 7, 0.102 8—3.290 0, and 0.044 5—
1.422 9 pg/mL, respectively; The results of the accuracy, repeatability, and stability all reached the standards (RSD < 5%); The
recoveries ranged from 98% to 102% and RSDs were below 3%; The analysis results showed that the quality of the most batches
was stable, tanshinone I, cryptotanshinone, dihydrotanshinone I, and tanshinon II, had a great influence on the quality of the drug,
which could be monitored to ensure the quality of different batches. Conclusion The methods established in this paper have a high
sensitivity and accuracy; the results of the methodology conform to the relevant requirements and the methods can rapidly
determinate the multiple active components in DTSC; The research also provides a new scientific basis and reference for the quality
assessment at the same time.

Key words: UPLC-Q-Orbitrap HRMS; Dandeng Tongnao Soft Capsule; principal component analysis; quality assessment; betaine;
danshensu; chlorogenic acid; protocatechuic aldehyde; puerarin; caffeic acid; galuteolin; rosmarinic acid; salvianolic acid A;
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WETRARIH— B B KT 99%. HEE. L.
RS it 4l, 35 Fisher A ; AKCARE4EK,
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i HEy Acquity UPLC® BEH Cp5 (50 mmX
2.1 mm, 1.7 pm); BPLZANE-0.1%HRAKNRBIAH,
BEREEVEL, PR N 0~0.5 min, 5%ZME; 0.5~
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MEN 0.2 mL/min; FEFEEN 5 L AR 40 C.
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Table 1 MS/MS parameters of 17 components

Gl %y R [Ty t/min HLE (mlz) SE Gm/z) JREMZE (X107
et CsH;;NO, + 0.97 118.086 25 118.086 27 0.126
P& CoH 405 - 2.45 197.045 54 197.044 45 ~5.566
i C16H 1500 - 2.98 353.087 80 353.087 07 —2.083
J5 LA C;H(0; - 3.02 137.024 41 137.022 90 -11.074
HRE C,1H3004 - 3.02 415.103 45 415.102 69 —1.844
BNHERR CoHg0,4 - 3.12 179.034 98 179.033 69 -7.217
PN CyiHy001, + 321 449.107 83 449.106 78 -2.355
WIEFHTR CisH 605 - 3.40 359.077 24 359.076 69 -1.534
PR A CysH2010 - 3.51 493.114 02 493.113 19 -1.683
FH5 % B C3H30016 - 3.61 717.146 10 717.144 59 -2.117
iR Cy1sH,00; - 3.68 301.035 37 301.034 58 —2.644
S CysH;40s5 - 3.97 269.045 54 269.045 14 -1.512
HEINENE A C1,H 60, + 5.80 193.122 30 193.121 89 -2.156
A1 C15H,405 + 6.41 279.101 57 279.100 68 -3.192
FHZ 1 C15H,,05 + 7.26 277.085 92 277.085 05 -3.143
K rt 2 C1oH205 + 7.30 297.148 52 297.147 67 —2.864
FHEH 10, C1oH,505 + 7.96 295.132 87 295.131 99 -2.985

IR TR S TR

+-positive ion mode —-negative ion mode
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Fig. 1 Extracting ion chromatograms and MS spectrum of 17 components

IR FE BN EH S, 578.4 ng/mL fFE K 177.782 0
pg/mL. £J5FR 580.3 ng/mL. Jil JLASHEE 89.2 ng/mL.
HIRE 25.191 3 pg/mL. WIHERR 16.7 ng/mL. K&
FEAF 228.9 ng/mL. RKIEFHR 2.105 3 pg/mL. FHH
% A9.747 1 pg/mL. FHHR B 124.417 6 pg/mL. i
J# 16.0 ng/mL. 72 % 18.1 ug/mL. V)12 W fig
A 80.1 ng/mL. A F+SMl 1 632.8 ng/mL. F+Z
11.031 7 ug/mL. F&SFZ0H 3.290 0 ug/mL. S50
MM 1.422 9 pg/mL 7R G0 HEL ot i 20
24 X GEERAE &

ARG NEYZ) 1.0 g, FEERE 5 BT B
L FE I\ 20 mL 40 R, B0 A AL D)3 600 W,
IR 70 'C, &/ 70 MPa, Bf[E] 17 min), H( EJZ

WIFA 022 um TALIEIEES, B8R, RIf5ft
TR
25 ZMXRER

Sy G B R A 0 R i &S &, Al
ARG B2, IRIRBCHI S 6 AN Sk FE 1 & 51
Tofs BE VR %o L A VA, PP SRR 18,14 36.1. 72,3
144.6. 289.2. 578.4 ng/mL. F}Z % 5.555 7. 1.111 4,
22222 8. 444455, 88.891 0. 177.782 0 pg/mL. %%
JRER 18.1. 36.3. 72.5. 145.1. 290.1. 580.3 ng/mL.
JRLACHE 2.81 5.64 11.1. 22.3. 44.6. 89.2 ng/mL.
FMRE 0.787 2. 1.574 5. 3.148 9. 6.297 8. 12.595 7.
25.191 3 pg/mL. MIHEER 0.5 1.05 2.1, 4.2, 8.4,
16.7 ng/mL. AJREF 7.2, 14.3. 28.6. 57.2. 114.5.
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228.9 ng/mL. KIEEFR 0.065 8. 0.131 6. 0.263 2.
0.526 3. 1.052 6. 2.105 3 ug/mL. FHHEE A 0.304 6.
0.609 2. 1.218 4. 2.436 8. 4.873 5. 9.747 1 pg/mL.
FHEYER B 3.888 1. 7.776 1. 15.552 2. 31.104 4.

62.208 8. 124.417 6 pg/mL. #i 2 0.5. 1.0, 2.0.
4.0~ 8.0~ 16.0 ng/mL. J73 % 0.6 1.1, 2.3, 4.5,
9.0, 18.1 pg/mL. ¥ )I1|= M fiF A 2.5+ 5.0~ 10.0+ 20.0.
40.0. 80.1 ng/mL. —&Ff+ZHd119.8. 39.5. 79.1.
158.2+ 316.4. 632.8 ng/mL. F+Z0 10.032 2. 0.064 5.
0.129 0. 0.257 9. 0.515 8. 1.031 7 pg/mL. [&)}Z0H

0.102 8. 0.205 6+ 0.4112. 0.822 5. 1.6450. 3.2900
ug/mL. FFZ0H 114 0.044 5. 0.088 9 . 0.177 9.
0.3557. 0.711 4. 1.422 9 pg/mL. fEARALAI AL
J i S AE TR AT, IO RARBUE IR, DL XTI
il 0 R R R AR B (XD, W TH R D Gh AL R
(V), hilbrdEih 4, THREEITE. HX R
KR METL L DLEREEL (SIN) =10 5 & RIR
(LOQ), SN 2. SHRKH, 17 FfFUHEY)
TE& BN EREOE N LR R R, r ¥R
+0.999 2.

Fz2 O1THESMEIEAAIE. HXRE. LHEEE. LOQ

Table 2 Results of liner regression, correlation coefficient, liner range, and LOQ of 17 compounds

) EVEWE r 2Rk /(ug-mL ™) LOQ/(ng'mL ™)
S H Y=2.13X10° X+3.39X 10’ 0.999 2 0.018 1~0.578 4 0.037 1
VEEF Y=6.05X10°X—1.07 X 10’ 0.999 4 5.5557~177.782 0 6.693 6
RJR IR Y=3.29X10°X—1.25X10° 0.999 6 0.018 1~0.580 3 0.138 8
JR LA Y=1.15X10°X+3.23X10° 0.999 8 0.002 8~0.089 2 0.096 4
HRE Y=2.07X10° X+6.20 < 10’ 0.999 5 0.787 2~25.1913 0.157 1
AN HE Y=143X10°X+4.55%X10° 0.999 6 0.000 5~0.016 7 0.029 7
KRB Y=2.08X10°X—4.56X10° 0.999 6 0.007 2~0.228 9 0.011 4
IR Y=4.17X10°X—9.11X 10° 0.999 5 0.065 8~2.105 3 0.140 9
FHRTR A Y=1.22X10°X+1.99Xx10° 0.999 8 0..304 6~9.747 1 0.300 4
FHHE B Y=2.83X10"X—5.26X10’ 0.999 5 3.888 1~124.417 6 03219
Ui Y=2.07X10°X—5.06 X 10° 0.999 4 0.000 5~0.016 0 0.0227
NS Y=5.77X10"X+1.42Xx10’ 0.999 2 0.000 6~0.018 1 0.0154
SN A Y=3.69X10° X+1.06 X 10’ 0.999 3 0.002 5~0.080 1 0.0412
ZESIBN 1 Y=2.92X10° X+3.84Xx10° 0.999 8 0.019 8~0.632 8 0.011 0
FHZ0 1 Y=2.41X10°X+8.86<10° 0.999 8 0.0322~1.0317 0.020 8
K rt 2 Y=2.92X10° X+3.84Xx10° 0.999 7 0.102 8~3.290 0 0.023 0
FHE 11, Y=3.69X10° X+3.00X 10’ 0.999 9 0.044 5~1.4229 0.0257

26 HEEER

e “247 WUF T ER &AL SR (S
1515005), ESFFE 6 Ik, iR EBRHEWH. 15
. SRR, RILREE. BHRE. iR, ARRE
. REER. TR A FHREE B. Wil R, 7T
¥R FENESHERE A, AW F2E L R
P20 PESER 1 WA RSD 43704 2.02%.
3.45%-3.60%- 1.45%- 4.00%- 2.90%- 4.10%- 2.68%-
3.77%-3.06%- 3.04%- 3.13%- 3.01%- 4.86%- 2.79%
4.61%- 3.40%, ZEREBINLTTIERG L RAF
27 EEMER

AR A (IS 1515005) 6 445, 43 ke
ME F T H R E, WA, SR, G5

BR. JRLATEE. EiE. UNHERR . AREREEF. Kk
B FHRR AL FHYR By MR 2. AR,
JNENE AL S0 1. PFS0E 1 BRPESEE.
FHS 15 1732 5 2 FE 399 0 32.83.28 962.81
68.91.9.04. 1 756.27.2.30. 14.35. 194.22. 1 047.90.
10 949.43. 1.70. 0.41. 6.95. 42.25. 63.92. 98.74.
61.48 pg/g, RSD 737l 3.40%. 4.11%. 2.44%.
4.66%-4.11%-3.64%-2.73%- 4.24%- 2.35%- 3.05%
2.42%-4.40%- 3.28%- 3.50%- 4.00%- 3.07%- 2.69%,
SERRNZITEEE M R
28 TREMER

BRI (LS 1515005), 43 51F 0. 24
6. 10, 12, 24 h #EFESMHT, MARESE. PSR
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SRIRIR . JRLAREE . B MR . KR ELE
RIEF . IR A PHBER By MR R 78 ER.
NS AR A. ZEFHSE 1 P30 1 BRSPS,
P 1, WA RSD 205108 4.10%. 1.94%.
4.37%4.31%4.45%- 3.86% 4.29%- 2.60%- 2.85%-
3.29%- 3.54%- 3.72%- 3.08%- 3.21%- 2.02%- 3.92%
2.86%, ZEHRFEH, MR 24 h WERE .
2.9 fnFEEEERIKE

FREURE Sk & (b5 1515005) 3£ 9 S5, 43
WA H, FEEWE, SaMANEEER. P35,
SRIEIR. BRLARIE . B iR, KRB ELE
WIEFRR . FHORR A FHBER By MlE R TRER.
FNE AR Ay ZEFHZS00 1 P20 1 BPH2 .
P20 Wy SRS ERE, NG &= 55008
DTSC FHAH N5 B 1 80%- 100%- 120%. 1% “2.4”
TR J702 AT A i, AR B 5 4 Sl 3 A
o TFES RN EIF 2 [ 2 RSD, 45 8K

. FHS R, SRR, FULARE. BRE. m
MERR . AREAF . KEFR. FHRER AL FHREE B,
W rRE. FINEARE AL ZE20 1L
P2 1. BPHSE FESER A FPE ECR 5350
9 98.00%. 100.28%- 99.44%. 99.71%-. 98.06%-
100.63%. 98.88%. 99.60%-. 101.33%. 99.15%.
101.73%-. 100.50%. 100.10%-. 98.35%. 99.28%.
98.95%- 100.21%, RSD 73514 1.83%. 2.54%.
2.08%-« 2.43%. 2.37%. 2.48%. 2.34%. 2.19%.
1.51%12.19%- 2.37% 2.54% 2.79%- 1.71% 2.41%-
2.18%-+ 2.92%, ZERFXIIZITIET 17 RIS
V700 5 T B S5 2 e
2.10 HHENE

B 10 ANAFEREIKE DTSC, % “2.47 WK
PAPAT S R S A W 3 0, 7R “2.17 K “2.27
T T A0 o ol 2% AR R T, il SR I AR
17 MR DTSC &, SHRILE 3.

3 1THFNRSHEENELER =10)

Table 3 Determination of 17 components (z = 10)

RS (g Y

=)
s M AER @ER FLRE FRER WM ORREH RIEER STRR A
1215030 32.99 2837497 54.73 11.28 1 609.03 3.26 16.69 273.01 1283.98
1514061 30.13 22590.75  70.22 5.08 3296.67 2.83 28.72 172.31 828.77
1515005 32.97 2852636  65.45 8.83 1 686.26 221 14.07 189.89 1 026.80
1514043 21.73 18381.73  34.75 3.81 1.290.85 2.20 18.30 174.29 908.59
1515012 26.16 1199479  61.22 2.94 1715.46 2.71 38.48 190.35 537.76
1515013 23.72 10 084.98  56.75 2.05 1 605.67 2.86 31.28 166.98 447.59
1515014  27.85 1200490  60.51 2.43 1842.42 3.03 30.89 196.22 552.82
1515015 24.99 10 010.66  51.55 1.99 1 700.00 2.35 15.91 169.03 394.32
1215052 26.48 11442.67  59.00 2.43 1738.38 2.93 38.54 191.12 521.34
1215055 18.91 8709.94 36.86 2.46 153523 1.90 8.22 157.91 370.80
HE JRE S (pgg )
PR B MR FRER O WISAIEA SIS B BTZE T2 1,

1215030 17 595.47 1.89 0.44 3.86 29.69 55.27 105.10 107.72

1514061 10 206.77 1.14 0.54 1.10 29.82 50.07 72.42 62.03

1515005 10 381.07 1.61 0.39 6.64 41.81 60.79 96.67 61.84

1514043 9390.60 0.86 0.24 1.03 26.17 44.72 60.44 37.34

1515012 13 653.43 2.84 0.79 5.19 57.56 102.46 209.18 145.39

1515013 11 446.06 1.90 0.59 5.72 60.88 105.03 223.58 153.04

1515014 14 847.34 2.08 0.63 5.17 59.04 104.40 216.11 138.49

1515015 9308.71 1.20 0.36 4.18 44.00 76.46 159.03 111.41

1215052 13 878.08 2.55 0.77 5.50 60.70 100.51 213.77 152.51

1215055 9 104.67 1.14 0.26 297 40.78 70.17 149.07 98.85
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Fig. 2 Scatter plot of quality scores for ten batches of drug
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Fig. 3 Loading plot of various constituents in drugs
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