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Quialitative, quantitative and pharmacokinetic analysis of major constituents in
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Abstract: Objective To establish qualitative and quantitative analysis methods for identification and determination of multi-constituent of
Chanfukang granules (CFKG) using high performance liquid chromatography-time-of-flight mass spectrometry (HPLC-TOF-MS) and high
performance liquid chromatography-triple quadrupole mass spectrometry (HPLC-MS/MS), and a preliminary pharmacokinetic study was
carried out. Methods An Agilent ZORBAX Eclipse Plus Cyg column (100 mm x 3.0 mm, 1.8 pm) and a Waters XBridge® BEH Cyq
column (150 mm x 4.6 mm, 2.5 um) were used with 0.1% formic acid aqueous solution-acetonitrile as mobile phases by gradient elution. The
compounds were detected by electrospray ion source in both positive and negative mode with multiple reaction monitoring (MRM) mode. SD
rats were ig with CFKG (0.5, 5 g/kg). Blood samples of 0.2 mL were taken from jugular vein at different time points and plasma components
and contents were determined by HPLC-MS/MS. Results Twenty-four constituents were identified by HPLC-TOF-MS qualitative analysis
and thirteen constituents were quantitatively detected by HPLC-MS/MS. The established HPLC-MS/MS method had a good separation, and
all the legal verification met the requirements. The content of stachydrine, Leonurine, and astragaloside IV were high, which may be the main
active ingredient. The pharmacokinetic results showed that, only when the dose was 5 mg/kg, stachydrine and Leonurine can detected.
Elimination of stachydrine was slow and elimination of Leonurine was fast. Conclusion A rapid and efficient method for studying the
chemical constituents was established, which could provide reference for the quality control of Chanfukang granules.
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Fig. 1 HPLC-TOF-MS total ion chromatogram of sample (A, C) and standard solutions (B, D) in positive (A, B) and

negative (C, D) ion mode
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Table 1 Qualitative analysis of chemical constitutes in CFKG preparations
i WEY) AP WS TETE IR W WEEIX107° t/min
1 IK IR C/HNO,  [M+H]* 1441019  144.1014 —3.47 2.386
2 JiFE Cio [M+H]* 268.1040  268.104 6 2.24 5.714
H;304Ns [M-H] 266.0895  266.089 2 —1.13
3 f BEECAR CiHxN3Os  [M+H]* 3121544 3121546 0.64 13.167
[M-H] 310.1408  310.1413 1.61
4 Bl 2L CioH1004 [M-H] 193.0506  193.050 6 0.00 14.527
5 R CaHipO  [M+H] 7712342  771.2340 —0.26 15.344
[M-H] 769.2197  769.2200 0.39
6 o 5 e I T A CyHpOpp  [M+H]* 4471286  447.1285 —0.22 16.117
7 BT CyHyO16  [M+H]* 611.1607  611.1615 1.31 16.195
[M-H]® 609.146 1  609.146 6 0.82
8 FERAER-Z-O-FR AT CyuHpOx  [M+H]" 625.1763  625.1766 0.48 17.053
[M-H] 623.1618  623.1624 0.96
9 et % CoiHpOr,  [M+H] 465.1028  465.1027 —0.22 17.103
[M-H]® 463.0882  463.088 7 1.08
10 BEACREE CaHs015  [M-H]” 623.1981  623.1985 0.64 18.119
11 FERYIETR CgH1504 [M-HI™ 189.0976  189.097 7 0.53 18.952
12 BT 3 -3-O- W M CpHpOy  [M+H]' 463.1235  463.1239 0.86 19.945
iE [M-H] 461.1089  461.108 4 —1.08
13 ANZBH Ryl CyH7014  [M+Na]” 823.4814  823.4815 0.12 21.410
[M-H] 799.4849  799.4838 —1.38
14 PSR C16H1,05 [M+H]* 2850757  285.076 0 1.05 25.277
[M-H]® 283.0612  283.0612 0.00
15 KU HE-8-0-B-D-H %4 B CuHaOo  [M+H]* 4331129  433.1120 —2.08 25.418
[M-H] 431.0984  431.0985 0.23
16 GRS S CyoH3005 [M+H] 319.2268  319.2276 2.51 26.044
17 A\ 2 4F Rbl CssHeoO3  [M+Na] 11315922 11315915 —0.62 28.275
[M-H] 1107.590 7 1107.590 8 0.09
18 EigUiRES CiuHesOw  [M+HCOOH]™ 829.4591  829.458 7 —0.48 29.892
19 NS 1T Re CuHg015  [M+Na]® 969.5393  969.539 2 —0.10 30.215
[M-H] 9455428 9455430 0.21
20 TNt C16H1204 [M+H]* 269.0808  269.0810 0.74 31.593
[M-H] 267.0663  267.066 2 —0.37
21 f NI C1oH140, [M+H] 191.106 7 191.106 5 —1.05 31.693
22 N5 Ci5H100s [M-H]® 269.0455  269.0454 —0.37 37.22
23 LB | CyHuO0p;  [M+H]* 9114999  911.4998 —0.11 37.942
24 PN CisH1205 [M+H]* 287.0757  287.076 0 1.05 42.073
[M-H] 283.0612  283.0613 0.35
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Fig. 2 Extracted ion chromatograms (EIC) and accurate mass spectrograms of compound 6 (A) and 22 (B)
Fz2 13#M4HHIE MRM S
Table 2 Multiple reaction monitoring parameters for the 13 analytes
iR A% LS ANA R filf4% BE 5 filfAE = D L
G e QUDa  Q3/Da ’ ©
(DP) IV (EP) IV (CE) IV (CXP) IV
1 TK I, 143.9 84.2 80 10 30 10
2 FOREATR T 312.0 181.0 75 10 30 10
3 Rl 1R 193.0 134.0 —65 —10 —21 —13
4 ANZ B Rgl 823.5 643.1 180 10 52 10
5 NS Re 969.8 789.1 180 10 57 23
6 NS Rbl 11317 364.9 200 10 76 13
7 R 829.3 783.3 —120 —10 —36 —11
8 B8 W R A B 447.0 284.9 80 10 24 10
9 K% 268.9 225.0 —100 —10 —38 —13
10 N 283.0 240.0 —95 —10 —35 —13
1 A 2 -3-0- 5 i 623.2 314.0 —120 —10 —40 —13
12 P 769.1 313.9 —120 —10 —54 —13
13 BEACETT 623.0 161.0 —135 —10 —40 —9
232 LMXRAELE BRA R MEEKRHE R EEAAESIERE 6 I, il TR, T

B 2. 4. 8. 16, 32. 64 fi5, L7 ANIKRE, HU&
AR BE TR 50 BRI A 10 pl v N5 H
A, W E TR . LU T AR g AR AR L 0] B 5T
IR RS, elilbrdE 2, 453050377 1
FAH K R E . FEBRMRE, 5l UEELL A 3
10 IS R I A A B A0 5 Ay e AT A 0 PR R 5 A1 i
HE, W% 3.

233 MELRAE  HBE— S S, ik b

A RSD. 45 o, 13 R #r ¥t RSD 43
H0.28%~3.34% (K 4), RUWUBMKEER
it

2.3.4 Rt Ree  HUHR S, I E T
4 CUKFE 0. 2. 4. 8. 12, 24 h J5HbkE, 0k
TR, TSR RSD. 45 B 5ok, 13 B #rd)
) RSD 4 0.73%~3.08% (3 4), KWI{E 24 h py{Ht
R R E T R AT
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A-stachydrine B-Leonurine C-ferulic acid D-ginsenoside Rgl E-ginsenoside Re F-ginsenoside Rbl G-astragaloside H-calycosin glycoside

I-Emodin J- physcion K-Isorhmnetin-3-O-neohesperidin  L-typhaneoside M-verbascoside

3 13 Mo R RILE

Fig. 3 Product ion mass spectra of 13 analytes
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HERE, DEEmA, HEE R, 6 MFEs T, 13 A
ST RSD 43514 0.73%~3.24% (% 4), KW
MR

236 IFERIWCERIRTS RS A PRI A s
HIFE S 200 mg, 3£ 6 43, 23 SIS R R0
& “2.1.27 TR TEHI S A I, % “2.3.17

TN AH B AT I E , VHEINFE R . 6
riEan, 13 B A e R S 96.3%~
103.9%, RSD 4 0.56%~3.74% (% 4), &%)y
AR R R

237 FEMIE A3 RREC R S £ 200 mg,
i “2.1.27 TR T7IEH A RE S, 1% “2.3.17 I
TSRS IE 3K, AN AR, AN
(AT FE, VESTARIN K 13 Fhseor it /0 40, &5 9 0L
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Fig. 4 Representative MRM chromatograms for 13 analytes
£ 3 13 MH IR IEXRIER
Table 3 Regression equations, linear ranges and LLOQs of 13 analyties.
o ES e s S RAS B/ sl wE R/ t/
%77 'f”t%% (ng.mLfl) Euqﬁ}f r (ng.mLfl) (ng.mLfl) min
1 JKIph 156~10000 Y =3 940X + 1 130 000 0.997 1 0.4 1 4.16
2 AR 31.3~2000 Y=38600X+1754000 0.9976 0.4 1 6.65
3 PR 6.25~400 Y =2 210X + 338 0.999 9 0.4 1 9.80
4  AZE1Rgl 1.56~100 Y = 318X +887.2 0.9979 0.8 1.56 8.89
5 AZEffRe 12.5~800 Y=216X-21 0.9973 40 10 8.93
6 AZHEFRbL 1.56~100 Y = 239X - 195 0.998 6 0.8 1.56 156
7 HEKHH 156~10000 Y =286X +4 260 0.998 3 2.0 10 16.0
8 BN 1.56~100 Y =19 500X — 4 890 0.9977 0.2 05 7.11
9 KEZE 1.56~100 Y =56 000X + 18 400 0.9975 0.1 0.2 19.6
10 Rz 0.625~40 Y =6 420X + 4 040 0.998 3 0.2 05 215
11 FRAE-3-0-F T 1.56~100 Y =5940X - 3090 0.997 1 0.4 1 6.89
12 FHuligre 6.25~400 Y = 157X — 146 0.9998 31 6.25 5.73
13 EEACHET 1.56~100 Y =1 244X — 702 0.998 6 0.8 1.56 7.54
R4 LBMLOMYEEE. RE. ESHMEIIKER
Table 4 Accuracy, reproducibility, stability, and recovery of 13 analytes
i hE K% BERSD/%  EHVERSD% APk RSD% [k [l RSD/%
1 IK I 1.58 1.92 2.86 102.8 2.62
2 25 R 1.09 2.04 1.22 103.9 2.94
3 i 2 8 1.60 3.24 1.69 101.1 3.08
4 ANZHEH Rl 1.53 1.65 1.67 98.5 3.74
5 ANZ 21 Re 1.26 0.73 1.24 100.7 2.30
6 ANZZ2F Rbl 1.43 1.69 0.95 96.3 1.15
7 -t LikEs 1.60 1.20 0.73 98.5 0.56
8 B8 S T A 0.28 151 1.01 101.7 1.68
9 K& 3.23 1.01 1.15 102.5 0.72
10 N 3.34 2.64 2.55 103.3 2.29
11 SR H-3-0- s 2.72 2.01 2.24 97.3 2.33
12 AT 1.83 1.91 1.66 99.6 2.77
13 E SR 1.53 2.80 3.08 103.8 3.74
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Table 5 Content of 13 analytes in 3 batches of Chanfukang granules ( X s, n = 3)
. e : TR 4 (pg-\g’% \
170230 fit X 170220 #ttik 170108 L%
1 IK Tk 1780+25.1 21204283 1612+42.1
2 i BEFLHH 453+19.9 348+16.1 253+19.1
3 P 2 81.0+1.87 38.8+0.318 54.740.615
4 ANZ 21 Ryl 7.97+0.308 6.22+0.708 13.7+0.584
5 ANZE21F Re 40.9+0.515 36.0+0.950 35.2+0.925
6 ANZHEH Rbl 4.59+0.160 1.95+0.0459 2.81+0.057 6
7 R 47934352 2610+39.4 3580+44.1
8 B 350 e T P A B 62.010.850 44.7+0.529 29.2+0.651
9 KER 4.86+0.131 4.01+0.085 4 4.81+0.119
10 KB 3 H Tk 5.04+0.108 2.96+0.055 1 4.06+0.0737
11 SR -3-0- 1 3.80+0.087 9 4.60+0.044 4 5.52+0.063 2
12 FRT 57.6+1.56 34.2+0.410 63.14+0.764
13 EERT 3.431+0.125 1.58+0.038 6 217400471

g. 10 min), HCE3EWS, % “2.3.17 BUF faili4
I, ArFT NS Je it 5 RRM, PR
WUk PR ig 25 T KRG 0 HR SR I 21 7K B Al
T RFER, PRS0 R I 2 A P o ) R AR A 2R
KI5 Frase KIMRIIEEREE, Dk 24h 5, M
HRATSRERTIN R o T 2 B AR B, Tk 4 h S,
M 2EHREIANE] . PIFPRR T 258 S LK 6.

24 BEEWR

KREE BRI, ANBRIOK, S5 Hr g ks,
ig 45 TP SRSk (5 glkg, JRET 0.5% CMC-Na
WD . %45245)5 5. 15, 30. 45, 60. 90. 120. 180.
240, 360. 480. 600. 720 11 440 min i ik H L
0.2 mL, JFf37R[ 3500 r/min &> 10 min, HUf3 50
uL, M 100 uL B, e 30 s JiF 20 (20 000 X

250 = 12'=
o8 - i BRI
j —
£ _1
5 E
= 2
2 = -
< 8 6
® X
= ®
= L
3‘-
0 L] | ] " L}
0 1 2 3 4
t/h t/h

5 AROR~AERBREKAEMNGSERAOAMEE (XEs,n=4)
Fig.5 Mean plasma concentration—time profiles of stachydrine and Leonurine after oral coadministration in rats ( X s, n = 4)
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%6 FERPRPKABMEZSEERNANESH (XL
s,n=4)

Table 6 Pharmacokinetic parameters of stachydrine and
leonurine in Chanfukang granules (X &s, n = 4)
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