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In vivo pharmacokinetic behaviors of alkaloids in Qili Qiangxin Capsules in rats
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ABSTRACT: AIM To investigate the in vivo pharmacokinetic behaviors of alkaloids in Qili Qiangxin Capsules in
rats. METHODS Rats were given intragastric administration of 1. 3 g/kg drug suspension, after which blood col-
lection was made at different time points (0.083, 0. 167, 0.333, 0.667, 1, 1.5, 2,3, 4,6,8, 12,24 h),
HPLC-MS/MS was adopted in the plasma concentration determination of aconitine, mesaconitine, hypaconitine ,
benzoylaconine, benzoylmesaconine and benzoylhypacoitine, and the calculation of pharmacokinetic parameters was
achieved by DAS 3.0 software. RESULTS Aconitine, mesaconitine, hypaconitine, benzoylaconine,
benzoylmesaconine, and benzoylhypacoitine demonstrated the T of 0. 33, 0. 17, 0.33, 1.00, 0. 67, 0.67 h, ¢,,
of 18.35, 6.23, 8.01, 18.63, 8.23, 12.88 h, C,  of 1.44, 0.52, 1.97, 1.83, 5.84, 0.67 ng/mL, and
AUC,_, of 7.03, 3.95, 7.89, 8.63, 20.13, 4.03 h - ng/mL, respectively. CONCLUSION Alkaloids in Qili
Qiangxin Capsules can be rapidly absorbed in rats in vivo, and monoester alkaloids ( aconitine, mesaconitine,
hypaconitine) display higher in vivo exposure levels than diester alkaloids ( benzoylaconine, benzoylmesaconine,
benzoylhypacoitine ) .
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1758

98.3% ) . ML KRG (111794-201304, &4
H97.5% ) . AW BER KL (111796-201304,
TH R 94.6% ) . 7R H R HT S Sk FEAR (111795-
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BtfRER)  (A) -HIEE (0.1% HER) (B) Nii3h
A, BREEVEML (0.01 ~1 min, 2% B; 1 ~2 min,
2% ~60% B; 2 ~3 min, 60% ~98% B; 3 ~4 min,
98%B; 4~4.01 min, 98% ~2% B; 4.01~5.5 min,
2% B); MEFUGHE 0.45 mL/min; FEiR 40 °C; dEFE
10 pl,
2.2 FikEAE HBBIZEE U (ES), EE
KPR, FEr A2 RN I (MRM) 3 A4S
S (CUR) (A& 20 L/min; W5 R (IS)
5000 V; BFIHEEE (TEM) 550 C; FX
(GAS1) AR 60 L/min; WIS (GAS2)
R & 55 L/min, TR SHOLE 1,
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Tab.1 MS parameters for various alkaloids

W BT FET OMER fEERE RO®

m/z m/z J&/V H/V E/V
5 35k 646.4  586.4 80 47 15
F e 632.3  572.3 80 46 15
VDR 616.3  556.3 80 44 15
RIS KRR 6042 554.3 100 51 15
AFEER 3L 590.2  540.3 100 50 15
FHBER K50 574.2 542.3 100 47 15
TR (NbR)  386.3  122.3 100 44 15

2.3 B &

2.3.1 XPRESVAME RS EERRICD SKmR BT Sk
U S 2 G 5 Sk D, AR FE T 5 Sk D
2R H IR VR 5 3k B o0t BR Sl i, —H SR ( DM-
SO) VAMFECHIN 2.00 mg/mL, ki HBGE R, B
FEK (1:1) Bk, BDFR (000 23kmd, 3
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Kk, RSBk, PR BER S Sk A 0.1, 0.2,
0.5.1.2.5,20, 50, 100, 200 ng/mL, 2k
LS JE AR O R 2 Sk R 0.25, 0.5, 1.25,
2.5.5.12.5, 50, 125, 250, 500 ng/mL) .
2.3.2 WP RSB FRECT SR IR T B A A
FEE-20E (1 2 1) WS, B3 (20 ng/mL),
BT 4 CTMRAERH,

2.4 fAFE BUMIK S0 wL, IIAMREKIE
(WK : K=1:1) 10 pL. WFRIARK 10 pL. &
R Z. M 500 wL, JWHE 2 min, 15 000 r/min 5.0
10 min, B EWEW 400 wl, ZASWT, & wi
100 WL 50% WEES TS, 76 “2.17 “2.27 TR
PERE 10 WL M52
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BWFPREW) . 25 FR+ 0 IS (S3k0, B
St U Shmd PR R S Sk D e T R R
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SK D, A BRI 5 K D oA PR R U S D
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Fig.1 MRM chromatograms of various alkaloids

2.5.2 &MEXRFREL  BRAKRZHIMK 50 wL,
P IPA OB P XTI RS T A DS R/ 'S S
Bk, 2 H T R 5 Sk i ek B R B R 001, 002,
0.05, 0.1, 0.2, 0.5, 2, 5, 10, 20 ng/mL, #
PR % Sk SR A, 2R FE IR RT3k D e T A vk B
0.025. 0.05, 0.125, 0.25, 0.5, 1.25. 5.

12.5, 25, 50 ng/mL, % “2.4” Wi FJykab B,
FE “2.17 “2.27 WA T H#EREIE . DI BT
W R AR RS (X)), X B 55 P b 06 1 R LLAE
PAspr (V) SEATEIE, S5R WK 2, AL LAY
TAES VBN M R R AT,
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Tab.2 Linear relationships of various alkaloids

% EVEp¥E r ML R/ (ng-mL™") FERIR/ (ng-mL™")
3 Y=1.33x10"'X-1.79x107* 0.996 3 0.01~20 0.01
eSS Y=1.18x107'X+1. 14x107* 0.995 7 0.01~20 0.01
PR Y=1.30x10"'X-8. 68x107° 0.994 3 0.01~20 0.01
R H I 5 3k S5 Y=2.74x1072X+9. 38x107° 0.999 1 0. 025~50 0.025
% H BT 2 K S Y=2.84x1072X+3. 48x107* 0.997 7 0.025~50 0.025
2 BEIR 2K T Y=7.58x1072X+7. 46x10™* 0.997 4 0.01~20 0. 01

2.5.3 KPR, MERRALS  BORERES A,
MG, H R R X B AR, A5 B Sk
(0.02, 0.5, 16 ng/mL) . #Z3LFk (0.02, 0.5,
16 ng/mL) . WE3KH§ (0.02, 0.5, 16 ng/mL) | 7K
FR 5K S0 (0. 05, 1.25, 40 ng/mL) | < HI LT
530K (0.05, 1.25, 40 ng/mL) . 7% K &

KIEHL (0.02, 0.5, 16 ng/mL) RFTHERES, %
“2.47 TURJIRANEE, fE 2017 “2.2” WAMF
PRI, TA 1 d NIESaE T 6 Ik, 115 H PN
WEE ESHAT 3 d, R H AR, 4R ILE
3, FIVHNZITIERG B RE | MERREE AT,

R3I BLEVEBTE, £HE, ERAN, RREKRLEER (n=6)

Tab.3 Results of precision, accuracy, matrix effect and extraction recovery tests for various alkaloids (n=6)

Ly e BRAF
WA ijﬁfg BWRHM%%ﬁEmE%w% W SEIRR%  HEUACR/%
LS 0.02 5.52 5.51 101. 61 89. 56 92. 44
0.5 1.92 0.24 100. 16 95.33 86. 34
16 5.19 0.88 103. 40 98.35 83.33
B S 0.02 6.04 2.61 100. 44 102. 4 79.98
0.5 3.61 4.14 97.49 93.23 81.01
16 5.03 4.96 103.19 91.83 80. 04
PR 0.02 6.59 7.98 99. 56 85. 63 79.29
0.5 7.39 3.15 97.98 92.55 92,01
16 5.40 6. 80 104. 24 98. 86 88. 64
% H I 5 Sk S 0.05 4.16 3.13 99. 00 92.93 84.33
1.25 3.40 3.21 99.73 101.32 89. 03
40 4.80 5.22 101. 36 95.77 80.72
IR H IR 2 3k S 0.05 5.56 8.54 100. 71 96. 72 83.30
1.25 5.31 7.46 101.33 90. 64 80. 54
40 5.54 2.29 101.92 89.33 87. 41
2% P VR 2 3k 0.02 9.41 10. 06 104. 17 112. 62 85.38
0.5 6. 80 9.93 102. 69 90. 05 88. 00
16 6.20 8. 14 99. 10 96. 00 90. 20
TIEIRER (AT ) — — — — 105. 62 79.07

2.5.4  fREUEDOR | BTN B “2.5.37 T
TFRERE S, AR E AT 6y, % “2.47
TR b F0, 78 “2.17 “2.27 WL R
€, BRI ROMER (A); DIRBAE = Himsk,
HAEER b, A2 (B); PR
HIL3E, % “2.47 R J7 ik Ab BS54 B
i, R C2017 %2027 AR UERENE, 15EI
YIEE AL (C), LA, B HAEHIFRE RN, A,
C HE AR IR, 4550 W3 3, Al %0k Fl
I PR OGRS TR, AR HURTISCR A A A
KR,

2.5.5 FaErERE: U <2.5.37 iR EEEES,
1760

HEURMFAENE (-20 C N/l 3 k) . AR
EME (ASIEEERS PR 24 h) . ERaETE (F
HETFHCE 24 h) . KWIREN (-80 C Fit#E
30d), ZERWFE 4, AR ENE R,

2.6 HhEIFaAAME W6 HRR, SLRAizte
12h, Aok, HEHEAT 1.3 o/kg ZWIR 2T
(0.5% CMC-Na FCHil), T %4255 0.083, 0.167,
0.333, 0.667, 1, 1.5, 2, 3, 4, 6, 8, 12,
24 hZ H N I E KOANBUAL 0.5 mL, BESE TR
IR TR, 4 °C, 12 000 r/min F B.0> 10 min,
SYEINE, BT -20 CUKE PRI, i 25 B -
[ Hh£E DLP 2, Pl st DAS 3.0 AR 2y e S
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F4 BLEYBBEEHRWLER (n=6)
Tab.4 Results of stability tests for various alkaloids (r=6)

% W/ (ng-mL™") REMEENE RSD/%  ALBETaE T RSD/% AR ENE RSD/% KA E T RSD/%

5305 0.02 5.65 3.02 4.22 5.33
0.5 1.30 2.74 4.83 7.05

16 7.20 3.57 6. 66 4.75

EREP 0.02 6. 60 4.48 3.57 10. 02
0.5 3.98 3.10 7.26 1.57

16 2.26 3.21 6.34 7.39

PR 0.02 4.95 6.35 3.22 3.76
0.5 1.91 2.13 5.06 1.99

16 5.25 5.50 1.23 6.90

2% PG 2 3K T 0.05 4.45 5.61 6.25 8.51
1.25 4.53 1.17 3.42 6.28

40 3.88 7.30 5.78 2.61

7% Y T 2 K T 0.05 2.86 5.28 2.57 11.75
1.25 3.11 8.19 3.25 10. 50

40 3.71 3.59 6. 42 7.30

R H R YR 2K S 0.02 7.03 3.70 5.38 10. 81
0.5 2. 14 6. 62 3.43 9.09

16 6.20 5.55 5.83 3.84

B, APRWF 5, Ml B 425 K T
A (K0, BTSSR, USSR, R H
B3I, AR R BERT K DR, R P IBEUR Sk S )
PIREREINE], AR Sk PRk, U 53K
AL SH, PRI T Sk e A 4 Y PR 2

IR, AR B Sk b s R LT Sk s
WEMZHEE (C,,) MZmfihZ T (AUG,.,) B
W TS s Bkl R I B Sk AR, S Bt
S (0,,) B, BT R0, KD
Sk, AR FH LR Sk AR X e

25 08 25
5 07 O
é 20 £ 06 g 20
Z1s E 21
= i 0.4 o~
% 1.0 % 03 % 1.0
®05 g 02 F05
= =0 =2
0 4 8 12 16 20 24 IS T 16 20 4 0 4 8 12 16 20 24
t/h t/h t/h
A 53LH B. 753 3kB8 C. W5 3LM
~ 25 = 7 12
2 76 =
§2.0 3 5 2 1.0
\\aj s Ep 5 08
= = 06
g 1.0 m 3 =
= X2 & 04
= 05 8 8 02
0 . 0% = 04
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8§ 12 16 20 24
t/h t/h t/h
D. 2 H B S 3K IS AR E. 2% HBE T 5 3k S5 o F. 2K IR 5 3k SR 5

B2 FAEYEMZRE- B8 &

Fig.2 Plasma concentration-time curves for various alkaloids

R5 BEWMWED

ZESH (n=6)

Tab.5 Pharmacokinetic parameters for various alkaloids (n=6)

S Hufis L3 5 WS RTBES SRR RREEH G kR R B S SE
Crx ng-ml! 1.44 0.52 1.97 1.83 5.84 0. 67
h 0.33 0.17 0.33 1.00 0. 67 0.67
ts h 18.35 6.23 8.01 18.63 8.23 12.88
AUC,._, hng-mL™! 7.03 3.95 7.89 8.63 20. 13 4.03
AUC,... h-ng-mlL”! 18. 16 5.13 13.85 25.94 35.34 7. 80
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8T h 2 2l et o R h R 2 AR A O
W 25 25500 B AL al . TE PR AN R 2
Bl - 24 550RE S 1 5 B 5 400 A R B R Ay, T
I PR A B FH 25 Fn 28 4 PEVE o S A S gl 4l
BE T 5O A A A G UE I 20 52 B X 18
FIFEBHA TR R 2, 2 T R A
G PRV 2 5 ZE AR Ui R it B4
SRR 2y B B 5. 929% Y, HEE 2
BT HE A R, O R BRI 4R 2
JEER RV A (2R Bk, BTSSRk )
FLEARR A= W08 (2R RS Sk DAk 2% Y 7 %
SRR, R H IR S Sk IR ) il 24k B N 2 By 2
TR, B8 EE 7 5O JIE 5 ) I PR A B, FH A28 4
PR WA

ROSRFZE AT BB 0 i 2 v AR Y A=
YIBgST-2 A R BRI AR Y 199. 1 5, R
SEHSAE IR X IR A AT T, R
S B AR B P WS B PR TG AUC [ Bk 24
Yk A NARAEER A i, R A B 25 R R Y
FESH, ARLKFVIE B KRR, R
P 3k SRR A AUC,_, W i w8 UG 289 A= 4
XA RESH A B K, (H RS A T 1y
AUC,_, {2 WU A= w1 1. 86 %, #2785 & 1E
TEH LR N RIS AR TR .

4 #Hig

ARSZESHE N HPLC-MS/MS 36 5 K U B
R UNIIE  IEPAU Y QDS (IR N
WA SLh) | FRERAY A e (R LG Sk R, R
FR BRSBTSk Dl A P O % S TRt ) ot 24 9 B
GRS R INL T AT G A PR e K
AT FH T AR 9 25 324 00F 5% KU 20 A= A7 K R
AR PR R A T R R O R B S £ T B 2R AR
Al R Sz G R G B2 | PRUEA R e 4
PERR AR AR

SE .
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