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Abstract: Objective To develop and validate an ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS) method for the simultaneous determination of 11 components (calycosin, calycosin-7-glucoside, ginsenoside Rg;, ginsenoside
Re, formononetin, astragaloside IV, ginsenoside Rf, ginsenoside Rb,, ginsenoside Rc, ginsenoside Rd, and ginsenoside Rb,) in Kang’ai
Injection (KI). Methods Multiple reaction monitoring (MRM) with a polarity-switching electrospray ionization (ESI) source between
positive and negative mode was used for the quantification. The 11 components were separated within 7.0 min on a Phenomenex Luna
Cig column (100 mm x 3.0 mm, 2.6 um) using a mobile phase consisted of methanol, acetonitrile, 5 mmol/L ammonium acetic-0.05
mmol/L sodium acetate water solution with gradient elution. Results The linear relationships showed well in the area of
determination. The average recovery varied between 95.2% and 104.4% with RSD < 4.64%. The precision, repeatability, and stability
of the method were good for the determination of 11 components. The content ranges of calycosin, calycosin-7-glucoside, ginsenoside

Rg,, ginsenoside Re, formononetin, astragaloside IV, ginsenoside Rf, ginsenoside Rb,, ginsenoside Rc, ginsenoside Rd,
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and ginsenoside Rb, in four batches of KI were 0.004—0.006 pg/mL, 0.002—0.003 pg/mL, 125.75—148.00 pg/mL, 51.75—77.00
pg/mL, 0.010—0.013 pg/mL, 51.50—87.75 pg/mL, 27.83—30.73 pg/mL, 4.23—5.15 pg/mL, 8.40—13.35 pg/mL, 17.33—27.68
pg/mL, and 9.03—11.00 pg/mL, respectively. Conclusion A new rapid and reliable UPLC-MS/MS method was developed and

validated to evaluate the quality of KI for the first time.
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Table 1 Retention time (fzr) and main mass parameters of 11 constituents in KI
W Al/min+ FAHREBL EW fp/min  MS; (m/z) MS,(mliz) fEFRHEIE (DPYV  filfiERE (CE)eV

0.0~2.0 ESI” BT 1.24 4473 285.2 69.0 21.5
2.0~2.8 ESI” BB 2.44 283.1 268.0 ~77.4 -27.0
2.8~3.5 ESI' AN BFH Re 2.86 969.8 789.6 2123 60.0
NS BH Rg 2.99 823.7 643.6 186.0 51.9
3.5~45 EST TR R 3.86 267.1 252.0 -88.0 —-28.2
45~7.0 ESI* ANZBAf Rf 4.51 823.7 365.1 2272 67.3
ANZ BT Rb, 5.82 1132.0 365.3 240.0 83.0
ANZ B Re 5.89 1101.9 335.0 217.0 82.9
ANZ 21 Rb, 6.13 1101.9 335.1 230.1 84.2
AZHEH R 6.51 969.9 790.1 226.7 65.2
B 6.52 785.6 4735 104.0 15.8
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-Méi@ﬁ Rb, 10-AZREFFRd 11-3EHFF

1-calycosin-7-glucoside 3-ginsenoside Re

STENIER 6 AZRH Rf 7-AZRBY Rby 8-AZEIHF Re

2-calycosin 4-ginsenoside Rg; 5-formononetin  6-ginsenoside Rf 7-ginsenoside Rb;

8-ginsenoside Rc  9-ginsenoside Rb, 10-ginsenoside Rd  11-astragaloside IV

1 BEXMBRER A BEFHBER B). ASHMENBHER (C) MEERMEXMBHES D) BEEFRE
Fig. 1 Extract ions chromatograms of mixed reference solution (A), KI (B), Ginseng Radix negative control solution (C), and

Astragalus Radix negative control solution (D)
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Table 2 Linear regression equations, LODs, and LOQs of 11 constituents

waEY LR PEMA R r LI/ (ngmL ™) LOD/(ng'mL ™) LOQ/(ng/mL)

BT Y=2.49X10* Xx+16.4 0.991 8 0.01~0.16 0.003 0.01

B Y=9.56X10° X—47 0.994 1 0.05~0.80 0.030 0.10
TR Y=3.71X10* X+655 0.990 0 0.04~0.64 0.005 0.03
BRI Y=2.18 X—108 0.998 4 375~6 000 0.500 2.00
ANZH A Rg, Y=251 Xx+1.51x10 0.998 9 375~6 000 0.010 0.05
ANZ AT Re Y=246 X+1.61x10" 0.999 2 225~3 600 0.050 0.20
AZEH Ry, Y=357 X+3.98X 10 0.999 7 50~800 0.005 0.03
ANZ AT Rf Y=406 X+8.04X 10 0.999 9 100~1 600 0.100 0.50
AZBH Rb, Y=729 X+3.54X 10 1.000 0 25~400 0.005 0.10
ANZBAF Re Y=659 X+1.04Xx10" 0.999 3 50~800 0.020 0.10
AR Rd Y=57.8 X+2.7X10° 0.999 0 75~1200 0.100 0.50
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ANZ AT Rgy 1.92%. T5WIEE 4.05%. NS4
Rf0.69%. AZ 1 Rb, 4.14%. NS 215 Re 1.22%.
ANZ AT Rby 3.24% A1 Rd 1.55%. O EH
1 2.83%, RIFEMAENE R I,
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95.3%- BFEFHEN] 95.2%. NZEFF Re 104.4%.
ANZ AT Rgy 103.9%. THRIER 98.8% AZRE1F
Rf 97.1%. AZZ21F Rb, 98.4%. NS EFf Rc
102.6% NS E1F Rb, 97.9%. AZ 2+ Rd 96.9%.
T 96.2%, JTE 92.2%~104.4%; RSD 437
N 4.64%. 2.80%. 3.22%- 2.23%. 3.68%- 3.87%-

1.64%- 2.44%. 2.65%- 3.21%- 3.01%, HJ7F 1.64%~
4.64%.
2,12 H&EMNE

I 4 AR B SR G, 0li% “2.47 i
NOTVERALBR, i €217 R €227 TR, AMbRbRvE
eyl o FE U AR IS i, 25 R R 3. 4
ANHERERE S SR B T T . B R AT
ANZ AT Rgw AB AT Res TEWIE . BT,
ANZEAF R AB T Rbyy ABEFF Rew NS
1 Rd. AZSE4F Rb, ARS8 0.004~0.006
pg/mL . 0.002 ~ 0.003 pg/mL . 125.75 ~ 148.00
pg/mL. 51.75~77.00 pg/mL. 0.010~0.013 pg/mL.
51.50~87.75 pg/mL. 27.83~30.73 pg/mL. 4.23~
5.15 pg/mL. 8.40~13.35 pg/mL. 17.33~27.68
pg/mL. 9.03~11.00 pg/mL. 48K, NSRBI
R AR ZE AN, BESH IR o) 22 S A b
K.

F3 BRIGEHED 1 HUELZEHS EENELER
Table 3 Quantitative determination of 11 constituents in KI

SRR/ (ngmL ™)

o
it BT EER S UG FR AN ETF Re ANZ 21 Re AN BT RE
1150407 0.003 0.005 0.010 77.00 148.00 30.40
1160123 0.002 0.006 0.013 70.75 140.75 30.73
1160320 0.002 0.005 0.013 61.50 153.25 30.60
1160407 0.003 0.004 0.011 51.75 125.75 27.83
o JR R (ngmL ™)
ANZ AT Rb, ANZ B AF Re ANZ AT Rb, ANZ A Rd B
1150407 9.55 8.40 4.48 1733 51.50
1160123 11.00 13.00 5.15 27.68 87.75
1160320 10.13 13.35 4.23 21.68 74.00
1160407 9.03 12.48 4.25 26.18 65.50
3 g W B xAH IR, e s A CPRE- S ig-7K0
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ANZ2AF Re Fl Rd 735l R [R5 ek A, i B ade e

A RCEEH, TR IANE AT, s I T,
ZME < 5 mmol ZFR%%-0.05 mmol ZFREN/KIERAE N
IANAHIEATBA BEBEMEINT A [ BS 1% (7] 43 S A 44 4)
SR SEA B, MM T O € vl ORI BT RS A — 2 1)
Poris A6 7 min WSERET 11 BhSeoy R 7 o
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IATARAEARST o SR I FE R BE R, 6
S T A R B IARAL, 5 AS BRI
FEMZERRACR, RN T = KK, B J7kE



)

Chinese Traditional and Herbal Drugs % 48 % 35 138§ 201747 A

* 2665 °

=AW Rr ST MIVE S LN TR N

A2 H I UPLC-MS/MS VAP 2Ta] DL ek |

VERAHLIN E B S DO . BBl . TERAE R
WP R MEZMAS L, RCSOEREUR
ERMERRE R T 2%, WIZHIRII 2
AT N T e R TESRE . R, 207K
A DAHES BUECAR 5 AT S I3 K 2544 B v 1 2 1)

& M E

SE 3k

[1] oRSCEE, MR MG BeWIEe, S5 BSOS I AR R H
Tk [3]. BAREE B, 2014, 14(3): 47-49.

[2]1 J8 4, WA, BT SR A T P AT VA T AR
0 I i e 1 I R AT 9E (3], IRARZS 4 5 IR, 2016,
31(7): 1050-1054.

[3] FEEHE. FE TR AR 2 2 0 RO AN [ b JRa 4 i
B RANEIER (9] R EE B2 5 AT, 2012,
12(8): 712-715.

[4] THRZE, B om BECENWRIK SRS T RS ETT
LA B ZE P e S P E I IR R BE AT [3]. R
R 5IRIR, 2016, 31(12): 1942-1945.

(5] FAlite, B A1, VOB BEE RIS O iR
Mo BB R IR R 9T [7]. IR 5 IR, 2014,
29(9): 1032-1035.

(6] fHAL, ARHAAX, ZEubik. B0 S v e S0 A
IR R AT TR IR RAEST. (3] WP 2584, 2007, 30(8):
1045-1047.

[7] k&=, AL, 5k W, & AT S A 4
SW620 41l il p16/cyclinD1/CDK4 JE Bk (1550 [1]. HHEE
24, 2014, 45(15): 2201-2205.

8] = X, & = FAET SR BAEH 2T HLE T
TR [J]. R EZEER, 2015, 31(6): 759-762.

[91 8k Bk, "k, X, 55 WSS ST

RAEMICEE HL I AL~ BTV OB 9 (0], vh sy,
2016, 47(9): 1548-1553.

[10]

[11]

[12]

(18]

[19]

[20]

[21]

[22]

[23]

XPWE, A, x| M. 0 5 FEI AN K 2
EAIE R (7). frih 20, 2014, 16(1): 68-70.
BT, xI A, o6 6 SRR SRR S 2R T
SRR [J]. TESTIREE S, 2011, 20(5): 435-436.

B, X B, B, S A RESURE R

Brat st R (0] BE AR AT AR AE R, 2015, 28(4):
427-431.

2, GARE, BREAR, . ASZRENG S
WFockfE [7]. P 2544, 2014, 39(24): 4709-4715.
FE K b tE g & (—) 400 [S]. 2002.
X E 2, BRbdk, BN, S bR abrEY
(Q-Marker): H1 247 5 Ui I R RE S (3], gy,
2016, 47(9): 1443-1457.

A Fk A RE bR HETT IR (0] BRI 2,
2014, 27(1): 135-137.

BEAEL, BEAlkIE. HPLC IR B SH P A Z
B Rg. Re & [J]. HEEB 25451, 2015, 13(10):
78-79.

sk o#E A B BEGE UPLC/MS FREUEIE RS
[0]. 2500, 2011, 14(6): 805-807.

o &l Bk, RIBEE, 5. UPLC-MS/MS e FEY
TSR 5 MEE RS R (7] REZESRE, 2011,
46(4): 297-299.

Xgran, sEEER, MRkEE, 5. HPLC-ESI-MS/MS 4[]
BHE ZRFS 1ISHRTREY [1]. hEZ, 2016,
47(19): 3502-3507.

ik %%, J8  E. HPLC-MS/MS LRI 2 5 5 fidt
feBE R 8 Rl sy [1]. FRAEZY, 2016, 47(14): 2470-2474.
Z= g, £ 98 ® A, & UPLC-MS/MS iEi5¢ T
REKJFURL 2 2 i (7). ZiIVP AR SE, 2015, 38(5):
516-519.

Liu E W, Lin Y P, Wang L, ef al. Simultaneous
determination of pinoresinol diglucopyranoside and
pinoresinol glucoside in rat plasma by HPLC-tandem
MS/MS for pharmacokinetic study [J]. Chin Herb Med,
2016, 8(4): 337-343.



