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Abstract: Objective A high performance liquid chromatography coupled to triple quadrupole mass spectrometry method (HPLC-
MS/MS) was established to simultaneously determine the content of 25 characteristic components (gallic acid, tanshinol, catechin,
chlorogenic acid, caffeic acid, epicatechin, rutin, polydatin, hyperin, astragalin, naringin, hesperidin, rosmarinic acid, resveratrol,
salvianolic acid B, quercetin, emodin-8-O-B-D-glucoside, isorhamnetin, emodin, coclaurine, nuciferine, cryptotanshinone, tanshinone
I, dehydronuciferine, tanshinone IIa) in Danhe Granules (DG), and the consistency between different batches was investigated.
Methods The analysis was conducted on Agilent Rapid Resolution HD Cig column (50 mm x 2.1 mm, 1.8 um) with the mobile phase
of 0.1% formic acid water-0.1% formic acid acetonitrile. The dynamic multi-response detection (IMRM) scanning mode was used in
the mass spectrometry. Results Based on the established HPLC-MS/MS method, the simultaneous quantitative analysis of 25
characteristic components could be completed within 10 min, with the quantitative limits of isorhamnetin, coclaurine, and
dehydronuciferine of 0.025 ng/mL; emodin and tanshinone I of 0.050 ng/mL; emodin-8-O-f-D-glucoside of 0.200 ng/ml; gallic acid,
chlorogenic acid, caffeic acid, epicatechin, rutin, hyperin, astragalin, resveratrol, quercetin, nuciferine, tanshinone Ila of 0.250 ng/ml;
catechin, rosmarinic acid, and cryptotanshinone of 0.500 ng/mL; tanshinol, hesperidin, and salvianolic acid B of 1.000 ng/mL;
polydatin of 2.000 ng/mL; naringin of 5.000 ng/mL, respectively. The linear relationships of the 25 constituents within their respective
mass concentrations were good, with the average recovery of 85.16%—113.46% and the RSD of 2.01%—8.80%. Furthermore, this
method also included the main components named monarch, minister, assistant and guide of herbs in a relatively comprehensive way.
The total content of the 25 components was 31.49 mg/g, among which the content of salvianolic acid B (9.44 mg/g) and hesperidin
(7.60 mg/g) was the highest, and the content of isorhamnetin (0.79 nug/g) was the lowest. According to boxplot analysis, the content of
25 components in 10 different batches of DG fluctuated (P value) within 75% < P < 125%; and the RSD value of 25 components ranged
from 2.58% to 13.10% by statistical analysis. The above results showed that the consistency of the component content among 10
batches of DG was acceptable. Conclusion The analytical method established in this study is fast and sensitive. Furthermore, the
results of this study are reliable and can provide scientific methods and basis for quality control and consistency analysis of DG.

Key words: Danhe Granules; HPLC-MS/MS; dynamic multiple response monitoring (AIMRM); quality control; consistency analysis;
gallic acid; tanshinol; catechin; chlorogenic acid; caffeic acid; epicatechin; rutin; polydatin; hyperin; astragalin; naringin; hesperidin;
rosmarinic acid; resveratrol; salvianolic acid B; quercetin; emodin-8-O-B-D-glucoside; isorhamnetin; emodin; coclaurine; nuciferine;

cryptotanshinone; tanshinone I; dehydronuciferine; tanshinone I1a
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Table 1 Chromatographic retention time and mass spectrometry parameters of 25 components
%y w/min - BEEX  BET mz) TET mz) BHEHROHRENV AHEREE/EV
BETR 0.59 [M—H] 168.7 125.1 86 -14
VEE S 095 [M—H] 197.2 135.3 85 -14
RS 270  [M—H] 289.1 245.0 125 -14
25 R 270  [M—H] 353.1 191.1 68 34
W R 280  [M—H] 179.0 135.0 100 -15
FILER 3.00 [M—H] 289.1 245.0 125 -14
P 340  [M—H] 609.1 300.0 200 —40
JREALH 340  [M—H] 389.1 227.0 111 -28
& 350 [M—H] 463.0 300.1 152 —40
BRHH 390 [M—H] 447.2 284.0 151 -32
ool B # 400 [M—H] 578.7 270.9 102 -40
P R 420 [M—H] 609.1 301.2 155 -32
IR 440  [M—H] 359.1 161.1 110 -20
SRy 480 [M—H] 227.1 185.0 140 -18
P B 550 [M—H] 717.0 519.2 145 -15
it 3% 590 [M—H] 301.0 150.9 140 -20
KHEK-8-0-p-D-F FHE 1T 590 [M—H] 431.1 269.0 190 =30
FRER 6.10  [M—H] 315.1 300.0 155 -20
N E 6.60  [M—H] 269.0 225.0 158 =30
L5 21 0.53  [M+H] 286.1 106.9 125 10
T 192 [M+H] 296.1 265.1 112 14
FaFt 21 262  [M+H] 297.0 254.0 159 21
FHZH 1 260  [M+H] 277.0 249.0 125 25
F G B 272 [M+H] 294.1 279.2 148 18
FHZH 1A 284  [M-+H] 295.1 277.0 148 21
WIS = 234 [M+H] 358.6 139.2 75 30
Je B th < 6.60 [M—H] 417.0 122.0 160 -20

5 180807), 7E “2.17 Wi N it “2.27 Wi R
FRE S E R, SRER, BETR. 5%,
LR SRR, WHERR. FILAEER. 5T . EM
. S, Rndedr. M. BT, Rk
R AL B SR B = L K 3% % -8-0-B-D-
WERET .. RRER. KER. D4, w5,
P2 P21 LS. FHSE . 07
B BB AN (24928 £3.71). (1 112.80+
42.10). (20.55+0.78). (195.99+7.48), (21.30+
0.55). (28.99+0.53). (222.65+7.97). (3085.40+
7430). (1 126.10+42.00). (523.00+20.80).
(2592.40102.00). (7 178.10£213.00). (481.07+
17.30). (42,18 £1.56). (9 138.50 %345.00) .

(276.124£7.92). (2143.70£43.10). (0.79£0.03).
(379.02+15.80).(374.954+9.54).(591.69+14.10)
(87.61 £1.70). (3.64+0.14). (3.30+0.12).
(3.71£0.09) pg/g, H: RSD H7E 1.49%~4.18%,
KW EEE R,
2.8 *g. L AFN T

— A (i 180807), TE “2.17
I “2.2” IﬁTé%&E‘imﬂﬁFT 3AE 04 24 4.
8. 12, 24 h FFEIE, Z5REIR 25 Fhisr 173
43 %0 RSD 7E 0.58%~4.12%, F AR I
TAE 24 h NFEEARFRE .
2.9  MNFEEERIRTE

YA —Ht SRS (S 180807) 6 1, HH14
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I-gallic acid 2-tanshinol 3-catechin 4-chlorogenic acid 5-caffeic acid 6-epicatechin 7-rutin  8-polydatin ~ 9-hyperin  10-astragalin

I1-naringin  12-hesperidin  13-rosmarinic acid  14-resveratrol

15-salvianolic acid B

16-quercetin  17-emodin-8-O-B-D-glucoside

18-isorhamnetin  19-emodin  20-coclaurine 21-nuciferine 22-cryptotanshinone 23-tanshinone I 24-dehydronuciferine 25-tanshinone II,,

same as Fig. 2 and 3, IS1-nimodipine IS2-indometacin

1 25 M FAMRTR X RMEAR (a) #1DG HIXAFR (b) Z75ERMEN (AMRM) &iEE

Fig.1 dMRM chromatography of 25 components and internal standards in mixed reference solution (a) and DG test solution (b)
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WA, AR “2.17 R “2.27 TRtk KR 44
BEFENSE o THEOIAERICR S H RSD, 45 L% 3,
F B4 KR AE 85.16%~113.46%, RSD 7E
2.01%~8.80%, FHTVERIZH RLF.
2.10 HEENE

HL10 HERES, % “2.47 TR J7ik 4l

T, MR o FH P BRI T SRR b AR 25 B 43 1R R
B, SGRNE 40 KRS TEARFHRCRE RS
BB 2,
2.11 10 #ORFIFIS 25 M S E—BE S
DG " 25 Pl S A ZEIROR, TR A S I
B & O PAA, TEMFIKF A F S P
B PR30 B0 15 0 R 3 W o AE LR D P 7 2 — B0k
P=Ca/Cg, FHH Ca NBHEHIF P& RS 1 & &
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Table 2 Calibration curves and LODs of 25 components

%) etk TR r 7E B [R/(ng'mL™) 236 Fl /(ng-mL™")

BETR Y=0.005 1 X—0.015 0.994 8 0.250 5.00~500.00

e S Y=0.001 8 X—0.055 0.9912 1.000 50.00~1 000.00

YIRS 5 Y=0.0052 X—0.006 8 0.992 7 0.500 2.50~50.00

SRR R Y=0.006 8 X+0.014 0.9913 0.250 2.50~250.00

a7y Y=0.022 X+0.078 0.999 7 0.250 0.50~125.00

KILHER Y=0.009 1 X+0.12 0.995 8 0.250 0.50~50.00

T Y=0.009 6 X+0.031 0.9912 0.250 2.50~250.00

JRBLEF Y=0.001 4 X+0.030 0.997 0 2.000 20.00~4 000.00

B3¢ Y=0.005 6 X—0.062 0.995 3 0.250 50.00~2 000.00

P Y=0.007 9 X—0.005 7 0.996 4 0.250 5.00~500.0

T Rz Y=0.002 0 X—0.003 4 0.993 7 5.000 50.00~2 000.00

1 7 Y=0.011 X—0.024 0.996 1 1.000 100.00~4 000.00

HIEETR Y=0.008 3 X—0.12 0.991 5 0.500 25.00~500.00

SE )T Y=0.001 1 X+0.00070  0.996 6 0.250 0.50~125.00

FHBTR B Y=0.015X—2.6 0.998 1 1.000 200.00~8 000.00

s N Y=0.014 X+0.012 0.996 3 0.250 5.00~500.00

K 3 -8-0-B-D- i & Wi 1 Y=0.019 X+0.27 0.990 1 0.200 100.00~2 000.00

RREER Y=0.050 X+0.029 0.999 1 0.025 0.05~50.00

KHEE Y=0.038 X+0.94 0.9910 0.050 5.00~500.00

L5 258 Y=9.7X+23 0.992 1 0.025 0.05~25.00

faf Bl Y=40 X+11 0.996 5 0.250 5.00~500.00

(oA Y=1.0 X+0.18 0.996 0 0.500 2.50~125.00

FHZ 1 Y=6.5 X+0.84 0.997 6 0.050 0.25~25.00

2 AT B Y=21X—42 0.998 9 0.025 0.50~25.00

FHZ 1A Y=8.0X+13 0.997 4 0.250 5.00~500.00

3 DG 25 B HIMAEEIEIRIE (n = 6)
Table 3 Recoveries of 25 components in DG (n = 6)
N JREE, WwnE, WEE/  SFI3E RSD/ PN R E dwmE/ WAEE/ SFHE RSD/
ue ue ng  WER% . % ue ug pg  WER% O %

BETFR 1252 1500  27.59 10043  5.99 | H#FHEE 2.12 2.00 3.89 88.47  8.10
e 5N 5590  50.00 103.31 94.82  6.84 | FHEEE B 459.06  450.00  919.47 10231  4.60
JLHE 1.03 1.00 208 10426 820 | M= 13.87 15.00 30.89  113.46 430
o 9.85 10.00 20.10  102.52  6.90 | K#E-8-0-p- 107.69  100.00  198.74 91.06  5.37
(i 1.07 1.00 2.02 94.59  7.90 D-7E1 &
RKILKER 1.46 1.00 2.35 80.71 8.80 | RZER 0.04 0.10 0.15  106.16 5.74
T 11.18 10.00 2127 100.85 855 | K&K 19.04 20.00 38.02 94.89  8.70
PRALH 15499  150.00 292.51 91.68  3.40 | =255 18.85 20.00 4095 11050  2.01
GupkE 5657 60.00 12234  109.61  4.80 | faiHHHE 29.75 30.00 55.30 85.16 3.83
LRIAT 2627 30.00 56.73  101.51 420 | B&SI= 4.40 4.00 8.25 96.23  3.96
Tl e 13022 130.00  253.96 95.18 250 | FFBE 1 0.18 0.20 039  102.84 5.59
P Je 360.58  350.00  698.61 96.58  3.68 | AT 0.17 0.20 0.35 9120 4.71
HEEER 2417 20.00 4432 100.80  4.41 | SIS IIa 0.19 0.20 0.37 89.52  4.75
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F4 10 DG 2 MENRENH (0) REPE
Table 4 Content and P values of 25 components in 10 batches of DG

. BEFR P25 ILRER RIAR MRS RIVER FT
olugg") Pl% olpge") P% olpgg) P/% olpgg") Pl% olugg') Pl% olugg") PI% olpge™) P/%
S 251.18 100.12 1314.10 104.84 19.73 10507 21537 10582 22.55 106.89 32.11 10527 257.30 109.16
S2 25038 99.80 119250 95.14 19.13 101.86 198.02 97.30 1940 9197 2899 9505 23520 99.78
s3 24623 98.15 1213.17 9679 1939 103.29 201.07 98.79 21.59 10235 28.84 9456 23352  99.07
4 248.60 99.09 123845 98.81 1502  79.99 202.54 99.52 2124 100.69 29.55 96.87 231.00  98.00
S5 24582 9798 121326 96.80 2035 10839 19550 96.06 20.76 9838 30.56 100.19 227.43  96.49
S6 25343 101.02 124447 9929 1692  90.09 19835 9746 21.61 10244 2999 9831 231.69 98.30
87 25226 100.55 125496 100.13 2129 11339 19643 96.52 2038  96.59 33.13 108.61 215.18 91.29
S8 24558 97.89 127332 101.59 17.65  93.99 204.65 100.56 20.53 9732 30.81 101.00 22848  96.93
S9 267.59 106.66 1260.88 100.60 1932 102.88 207.88 102.14 2027  96.08 2839  93.06 247.40 104.96
SI0 24772 98.74 132851 106.00 1898 101.06 21540 105.84 22.64 10729 32.67 107.08 249.90 106.02
THME 250.88 1253.35 18.78 203.52 21.10 30.50 235.71
RSD/%  2.58 347 9.63 3.59 487 5.46 527
5 FERH LA Nt E Py Ml 57 7 R IR SEE]
ol(ugg!) P% olugg") P% olpgg!) Pl% olpgg") Pl% olugg!) Pl% olugg!) Pl% olpgg!) Pl%
S 3469.08 106.21 1435.07 108.11 599.44 108.85 2787.36 107.47 8190.20 107.76 560.68 10531 45.89 108.19
S2 314532 9630 121577 91.59 54049 98.15 251836 97.10 726459 9558 51112  96.00 4229  99.70
S3 3190.07 97.67 1331.18 100.29 540.56 98.16 2520.03 97.17 7344.66 96.64 519.82 97.64 40.15  94.66
sS4 322624 98.78 1237.36 93.22 53177 96.56 2563.74 98.85 746148 98.17 524.04 9843 4227  99.66
85 316472 96.89 127528 96.07 52990 9623 2471.80 9531 726238 9555 515.63 96.85 4147  97.77
S6 324347 9930 1256.34 94.65 54230 98.48 2589.55 99.85 747439 9834 531.96 99.92 40.14  94.64
7 3243.04 99.29 1437.65 108.31 53598 97.33 2550.41 9834 757093 99.61 539.80 10139 41.12  96.96
S8 3273.46 100.22 1410.88 106.29 53541 97.23 257029 99.10 7625.74 100.33 544.14 102.21 40.15  94.65
S9 325874 99.77 1228.54 92.55 558.32 101.39 261430 100.80 7483.18 98.46 523.83 9839 40.73  96.03
S0 344826 105.57 1445.85 108.92 592.72 107.63 2749.35 106.01 8325.31 109.54 552.92 103.86 49.94 117.74
EHME 3266.24 1327.39 550.69 2593.52 7 600.28 532.39 42.42
RSD/%  3.35 7.23 4.58 3.89 484 3.10 7.44
FHINEL B e B T Kl 254 AR
IS B-D-7i %) Bl £
oliugg") P% ollpgg") P/% olugg") P/% olugg") P/% olpgg!) Pl% olpgg') Pl% olpgg') Pl%
S 10 067.82 106.62 302.65 102.92 2562.05 108.07 091 11508 416.84 108.98 380.09 99.88 604.83 101.51
S2 9050.10 95.84 283.41 9638 224494 9470 0.82 103.62 369.99 9674 35320 92.81 567.62 9527
S3 9136.01 9675 292.10 9933 232202 97.95 070  89.18 37149 97.13 322.13 84.65 47350  79.47
sS4 936247 99.15 29291 99.61 233492 9849 0.68 8643 375.67 98.22 419.81 11032 664.07 111.45
85 901596 9548 282.14 9595 226752 95.65 0.72  91.64 362.78 94.85 381.68 10030 609.94 102.37
s6 9451.90 100.10 295.58 100.51 2367.53 99.87 0.64 8139 379.96 99.34 340.72 89.54 53629  90.01
7 9565.99 101.31 308.59 104.94 2401.05 10128 0.87 109.89 379.20 99.14 41139 108.11 643.18 107.95
S8 9470.94 100.30 306.41 10420 2404.60 101.43 0.86 109.04 378.35 98.92 413.14 108.57 64627 108.47
S9 925851 98.05 28551 97.09 2266.62 9561 0.82 10343 380.69 99.53 398.46 104.71 62238 104.46
S10 1004539 10638 29137  99.08 253547 106.95 0.87 110.30 409.75 107.13 384.81 101.12 590.19  99.05
TFHME 944251 294.07 2370.67 0.79 382.47 380.54 595.83
RSD/%  3.93 3.17 4.59 11.81 451 8.60 9.65
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