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Determining the effect of Huangqi on the pharmacokinetics of six
different alkaloids from Fuzi in rats by LC-MS
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Abstract: This study aimed to investigate the influence of combinating Huangqi with Fuzi on the pharmaco-
kinetics of six Aconitum alkaloids, i.e. aconitine (AC), hypaconitine (HA), mesaconitine (MA), benzoylaconine
(BAC), benzoylhypaconine (BHA) and benzoylmesaconine (BMA). The plasma concentrations of the drugs were
determined by LC-MS for dose response and time dependent curves. The pharmacokinetic parameters were calcu-
lated by DAS 3.3, and SPSS 12.0 was used to analyze the differences of main pharmacokinetic parameters between
the two groups. Comparing with Fuzi group, the AUC,, and AUC,_, of six alkaloids in Fuzi-Huangqi group was
significantly decreased, the CL,/F of six alkaloids except HA was significantly increased; the C,,, was decreased
and the 7, was prolonged in 3 monoester alkaloids, and the apparent volume of distribution of BMA and MA (V,/F)
increases. These data indicated that Huangqi can inhibit the absorption of aconite alkaloids, induce the distribution
of aconite alkaloids to the whole body, and accelerate the elimination of aconite alkaloids. The animal experiment
scheme in this study has been approved by the Experimental Animal Ethics Committee of Jiangxi University of
Traditional Chinese Medicine.
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(MA, X-011-160406, 98%)- % k% (AC, W-006-151225,
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IE5: SCXK (#5) 2018-0003]. FrvHEIR I T id b P 1A 7%
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Figure 1 Chemical structures of 6 aconite alkaloids. BHA: Ben-
zoylhypaconine; BMA: Benzoylmesaconine; BAC: Benzoylaco-

nine; HA: Hypaconitine; MA: Mesaconitine; AC: Aconitine

5.1~7 min, 5% B; &R & 0.4 mL-min™; #:5 30 °C,

HEFEE S ulo
B &M KA IEE 7 Hm & A B (ESIT)

AW, A AL 20N 2 S B R (MRM), 25146 FLH (IS)
5.5 kV; B (TEM) 4550 °C; AT (CUR) A
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HABRHES HA TR 1.

R mERARNES  HBHA.BMA.BAC.
HA MA . AC X} {5t i& &, R % ARE, 705 & T 10 mL
B, InF AR - & R () R EZIE, S &
Jo A 3 5l A 343 .358.363.342.331 F1334 ug-mL"!
SR A . S EE10 uL T 10 mL &R, 208
R 221 %, 19 =K% v 343.358.363.342.331 Al
334 ng-mL! TR0 BRS BRI, BEEAEAF T 4 °CUKAR
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Table 1 Mass spectrometry selection channel and related parameters. IS: Lappaconitine

Compd. Precursor ion Product ion DP/V CE/V
BHA 574.4 [M+H] * 542.4 [M+H-CH,OH]" 120 48
BMA 590.3 [M+H]" 540.3 [M+H-CH,OH-H,O]’ 120 50
BAC 604.4 [M+H]* 554.4 [M+H-H,0-CH,OH]" 120 50
HA 616.0 [M+H]" 556.4 [M+H-CH,COOH]" 110 46
MA 632.0 [M+H]* 572.0 [M+H-CH3COOH]" 100 47
AC 646.0 [M+H]* 586.2 [M+H-CH,COOH]" 120 47
IS 585.1 [M+H]* 356.2 [M+H-H,0-CH,0H-C,H,0,NO]" 120 45

T FR L  FH K 10.86 mg, LS IR MITE R E
25 mLE . CHEWMRBEAS B EEN 434 ng-mL 1 15
FRVET (N5

mRHEFMAIBSE K2 WIS FE 5 100 pL,
SE BN NZE /K 30 puL AN A5 (434 ng-mL") 10 pL, i
JiE 30 s JG N PR 2. T8 1 mL 255, 3 g8 27 5 min, T
16 000 r'min”' £5.0» 5 min, B FE A HLAH, ZART. 5
# H A BIAH 100 pL Z 9%, i 5€ 1 min, 716 000 r'min’’
B0 5 min, B TE R AE IR OGS A F AR E o

FEZEER

LEME A6 AR YR 1 KR A A L, BRAS
I PR GEARAR CIEARE) 4b, HoRr iz ML ke
m AL B 7 IR 4, #E4T LC-MS/MS 43 #r, I id 3%
NI R NS I RO N & N el = 11 2 S N =S i
PR (LLOQ) I3 ¥ it A1 K B HE B FH 4 25 /5 1) 1 3¢
FE i, BEZITER T IEIE.

g5 EERER BT E MK 100 pL, 7500
AN 1~11 5 bR TAEW 10 uL, 48 1 3¢ o BHA #)5 &
W 43 504 0.011 2.0.022 3.0.044 7.0.089 3.0.179-
0.357.0.715.1.43.2.86.5.72 fil 11.4 ng'mL", BMA f{]
JREIRIZ 5124 0.011 7.0.023 3.0.046 6.0.093 2.0.186-
0.373.0.746.1.49.2.98.5.97 f111.9 ng-mL"'; BAC [{]J5i
IR 0.011 8.0.023 6.0.047 3.0.094 5.0.189.
0.378.0.756+1.51.3.03.6.05 F1 12.1 ng-mL"'; HA [ Jii
RS 580.011 1.0.022 3.0.044 5.0.089 1.0.178.
0.356.0.713.1.43.2.85.5.70 fil 11.4 ng-mL"; MA [ Jii
FIRE 4> 5)40.010 8,0.021 5.0.043 1.0.086 2.0.172.
0.345.0.690+ 1.38.2.76.5.52 F1 11.0 ng-mL"; AC ] Jii
T3 525 0.0109.0.021 7.0.043 5.0.087 0.0.174.
0.348.0.696.1.39.2.78.5.57 fil 11.1 ng-mL"', PJ 45 i &=
W R 43.4 ng-mL, 42 I FE 5 A BE 7 7% T0T #
PE o DARR I A7) J53 4 B2 9 AR bR x, 55 40 55 P e 11
W TR AR LUAB 9 A AR v, IR B /s — ik idE 47 8] 2
5L, 49 3 & 5oy W bR Ak i 20 A PRV, DA IR bR Ak il
A AR AR v € & TR (LLOQ).

HEMIEE AR S EE 52 B 2K 90 uL, IIAAA]
5B P (VR A %o R R VAR 10 L, T 1) i BHA 0.179.

1.43 #111.4 ng'mL"', BMA 0.186.1.49 f111.9 ng-mL",
BAC 0.189. 1.51 A 12.1 ng'mL", HA 0.178. 1.43 flI
11.4 ng'mL"!, MA 0.172.1.38 #111.0 ng'mL"!, AC 0.174.
1.39 F1 11.1 ng-mL" I o = W QC FF i, 2K B2
ISR 6 REAR, Fac BRI 2R R b AL 3R 7 57 T ik
A BRI W E o AR AT B A 2 T SRR R 24 ) ik
FE, 5B EAR LG, VST VR RO R B IR — R
BRI 1R, SE 3K, JEAT H RS B RS
1RME VIR, ESME 3K, FAT H ARG % 5.

[EIN @ TP 3 VAN W11 (9N SN = R 073 1 i
PERE G, SR IE K38 6 BEA, $5 i 3% B i A B
RV TUR AL B, W E IR BT AR I T AR A5 B2 I
H 100 pL, 4% HE“ I 228 A3 I00R J7 7 A B EE R
W Ja A I A A B TR B S R 1 B VR
T, RN IR0 S AR Ay F AR b R R S 0
Rt ) R R R T A, T SR L W THT AR A0 A, T
A, I EEAR B 48 06F [BTUS 26, A, RN A 1R EEAR 388 5 2808

FoE M R R AR E M BCHME P 3 NIRE
JRAZE R, W BEIKSP 30 6 FEAR, 4 LR it Ab 2
JIETBUR A E S, 347 LR 3 FhAR E T AL E: O
20 °CERNE 12 h; @ W A7ET-80 °CUKA 3 K; @ It~
1F1-80 °CUKAH, [ Z b3 K.

FHRBHHIE W TRE: RIR—E 2RI
Jr, 12 30 min, 10 5K M0 # BB IR, IR 1 h, & 9F
PICUE, WRAR J5 12 R TR T8, F N 4.94%,
HPLC il 572 & BHA.BMA .BAC.HA .MA . AC | & &
IrRN 1.45%2.47%-1.62%+0.270%10.322%-0.141%.

BT RE: I — 2 & 8K, ®IE 30 min, 10 f%
AR BV, B L b, A I OET, R, B E
T, T8, HEFN39.7%, HPLC IR B BER
B 12 5 0.098 0%, B EE 5 5 0.431%.

EBREIE FRECMC-Nasg i Ti/AKIL
1, BC AR 0.5% FIVE . 23 0K 3 PRI IR PR AL 25403
&, A 0.5% CMC-Na ¥, i e R 21, il bt 112
B R EIRE Y N 25 mg-mL TR, KR E A E
10 mL-kg'.

B 240 (F): FREUHE T IR E 2.5 g, LL0.5% CMC-
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Na ¥ 7 BC #1 % 100 mL; Pt 735 © 41 (FH): FREL T
TTFRERE2S5 g HETHEE 20 g, LL0.5% CMC-Na iy
TR i 5 100 mL.

WENFEMR

RERR A KRR 120 EBLY, HEES
F & AP CMC-Na VR 2, I T4 255 2,510
15.30.45.60.75 F190 min HR AE & ik B 1fi. 0.3 mL £ AT
AR B0, LS 000 r-min B0 10 min, B 1 i
W, —80 °CHEFF

WAL KRS 120, A2, EBS
T H AW CMC-Na W &), JF T4 205 2.5.15.
30.45.60-75.90. 120+ 180 min H AE & ik B 1f1 0.3 mL
MR EE O, L5 000 r-min &0 10 min, B
IEW, 80 °CHiE AT .

BORALIE  ORF LA 2 o 1 I SR R S o TRt S R
b HE 597 AT AR B JE AT LC-MS/MS 43 BT, PABEAT I
TF 2R T B ISR 2 WA FE S 4 I 2 AR PR I ) HAE i N
DAS 3.3 2R G0 1H 8 K 55 6 P A M AE K B A N
(1) % 254830 712 244, I LA SPSS 13.0 Go it bt 2 HX
VSRR AN FEA S SHER.

HR
1 FAEFWIE
L1 ERM 2 A MRk B A 2A, LOQ

FE it 1) €3 B 0L P 2B, KRR 45 24 05 A L AR R P (01
K L 2C. BHA.BMA.BAC.HA.MA.AC.IS {1 i i
{5 B I 8] 73 591 4.75.4.3.4.35.5.5.5.2.5.5 F114.3 min.
S5 IR, T 2 e RS T LLOQ Wi B 1 20% &
PN B T IS PR 5%, 2 B BT 6 Foft 25 0B K% P b 1A DS T L
I, KRR 25 I 1 P A o AN T R AR P R A
PRI E BT, AR AR R E .

12 ZME5EEREE [+ 6 AR KR MK
W2 MV R P R R AT, SR LR 2.

1.3 ERENBEE M1 o FiEMIE SR E QC H
it Y B B2 T 38 7F 94.0%~106.0% 2 8], H A K5 % )&
(RSD) 7£ 5.81%~9.28% . [a] A1 H [A] 4 %5 B AE 7.64% ~

Table 2 Regression data and lower limit of quantification (LLOQ)

for six alkaloids

Linear range ~ LLOQ

Compd. Calibration graph /ng-mL" fng-mL"
BHA y=03797x+0.0174 09989 0.0112-11.4 0.0112
BMA y=0.1808x+0.0251 0.9979 0.0117-11.9 0.0117
BAC y=0.1455x+0.0057 0.9994 0.0118-12.1 0.0118
HA y=0.27x+0.028 09986 0.0111-11.4 0.0111
MA  »=0.3972x+0.0043 09989 0.0108-11.0 0.0108
AC y=0.3027x+0.0198 09984 0.0109-11.1 0.0109
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Figure 2 The typical chromatogram of 6 aconite alkaloids in rat
plasma. A: Blank rat plasma sample; B: LLOQ sample; C: A rat
plasma sample collected at 30 min after the oral administration of

FH (fuzi-huangqi group) aqueous extracts
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1.5 RBEMRFRRBEM 45 R0NELhrME e
AR 91.8%~107.6% X [8] K 31, 3 BIFE 5 A2 DL E 5%
PEFRRE
2 HREHE

AR 1 2870 1 50 25 IR i, K1 24y 10 25 9% FE %o
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Table 3 The pharmacokinetic parameters of 3 monoester alkaloids in rat plasma after oral administration of F and FH aqueous extracts
(n=6,x%5). ‘P<0.05, *P<0.01 vs F

Compd. Group AUC,, /ng'h'L' AUC, /ng'hL' t,/h tow /D V,/F /L-kg'
BHA F 861.98 £ 117.43 1069.67+168.62 0.73+0.64 0.19+0.07 3356.27+2215.38
FH 439.09 £ 61.04™ 527.29+81.44" 0.42+0.18 0.71 £0.10™ 4 207.74 £ 1 583.92
BMA F 1799.76 + 184.10 2359.28 +599.49 0.97+0.90 0.15+0.03 3267.82+2 088.36
FH  742.29+208.34" 932.42+251.29" 0.58 £0.31 0.50+0.16™ 5840.03 3 200.66" 7 149.61 + 2 455.74™
BAC F 584.01 +92.80 700.81 £101.76 0.87+0.50 0.22+0.04 7043.14+3528.62 5884.10+873.10
FH 276.78 £31.62""  348.81 + 66.93"

0.53+£0.24 0.67+0.13" 873634 £2794.22 11918.44+1940.26™

CL/F /L'h" kg’
345421 +501.63
7004.85+1021.27°
2739.98 + 581.96

C o /ng'L!
1593.55 +252.53
531.56 +177.10™
3269.80 +667.10
935.98 +369.87""
1 035.85 +143.79

310.06 + 82.48"

Table 4 The pharmacokinetic parameters of 3 diester alkaloids in rat plasma after oral administration of F and FH aqueous extracts (n = 6,
x£s). "P<0.05 vs F

Compd. Group AUC,,/ng-h-L" AUC,_ /ng-h-L"! _
HA F 5283.18 £304.33 6568.10+501.91 1.36£0.42 0.75+0.00
FH 423463 +823.12" 5119.99+1171.43" 1.10+0.58 0.70 +0.10
MA F 191.80 + 42.95 230.58 +48.29
FH 131.12 +£26.28" 163.02 +31.96"
AC F 108.62 £ 7.13 128.07 + 16.21
FH 91.58 + 11.37" 102.52 + 14.53"

t,,/h 1./h VJF [Lkg' CLJF /L-h" kg’ C,./ng'L"
200.25 + 56.35 103.45 + 8.87 4286.52 + 656.12
205.49 + 81.32 141.92 £ 4467 3 690.75 % 560.44
1.06£043 0.79+0.19 5576.65+2885.74 362150 +873.22  130.69 + 33.05
1.08£0.26 0.75+0.27 783226+ 197027 5105.54+1227.78°  84.83+26.55"
0.99+0.26 0.70=0.19 3862.94=672.75  2779.12 = 364.88

85.33 +13.37
0.73+0.32 0.88+0.21 3517.13+1359.36 3469.12 +473.66" 72.06 +19.63
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Figure 3 Mean plasma concentration-time curves of the six

alkaloids after oral administration of F (fuzi group) and FH (fuzi-

huangqi group) aqueous extracts

Bt A1 3% B 5, 6 Fh AR W0 1) AUC,, fl AUC,, 33 12 2%
FEAR, B HA SN S B AE BRI CL/F Ft 175 3 Fh R i
T EE WO, C PRI, £ EE; BMA FIT MA 93 77 25 1
(V/JF) HaK.

g

BPH 1 3T (B R S80) — 15, B s i ek 14l
J, A a2, IR B ST 2 B, BLE A R O
T~ B A, 5% T HL B A B A AR B, SCHR AR
T8 B BN BN 5 BL 1T AT A AR TP i A B LR
IO 3 5 G B0 U RE S A TR, AT T LR AL S
AT bR 28 2 s PR, AR SO e BB DA 12 1 e AT Y

5 Ja X Bt TR B2 W B ) 5 s ) £ RE R BB
MRCAR . F 90 45 SR S s T A B AR A [ i
I BF 7 6 P AR W0 %) 1M 245 9% 5 A Cyo ERT BT 2E D)
A B H 5 R R0 R, DR MG AR 3 1S I . g B AR
TEME, X 5 N EE 2R 7045 R TR 03 ] B
TEEPE S5 IR — 20, T 24 3 2 A FE T B T RS
AR A R

AUC Cpo F 2,00 53 T AT AE 9 W SRR 5 T Aok 55
[FIFE ARSI, R U R FE BRI 2 3 8L AUC F C,,, BRI,
W USSR BE T B 22 5 B G PR AR £ BN o T 6
J&, BT 6 B AR ER I AUC A €, 340 AN [F) R85 1) B
1K, K2 AW 1., 326 A T2 FE (0 38 n, 3 B 2 sS40
1) B 2 A2 4D W S R R WA R B S PR AR L o 2 3k
JE f B A

B 1 2= W k2 1 HE % ds 44 (W0 P-gp BCRP.MRP,
) B AU, AT BRI HE e B A 0 0 HE T 982 IR A, T
TR S A FEE T B T IV (AS-1V) B AL
2 (CS) =i % (FMNT) ¥ 7] I 4 P-gp. MRP Al
BCRP ik /KF, i FHia AR, RV MK
YA HELE FHO DR, 3 0 o] B A A ) T A
A5 S FAMERIE A RIEM L,

RUE T BT 6 P A= P8 ¥ AUC FI C, H A
[R5 B2 1) A, (H 24 3 5 i R, B S0 AU 2 A
IR W SO ) 5 T /L - B R A e ) 5 T, I
7 SRR X E s B A IR A, AT RE S R
T T T T 3 B R 2 2 A R LE T R B AT
RS 26, X7 H W TAEE 5T — B0 o,

V,/F R CL,/F 43 5l 52 254 53 A 72 FE RN AR N 2590 ¥
B B PP FE AR . R A AR RN R K 2



y

2294 - 2% %3 Acta Pharmaceutica Sinica 2019, 54(12): 2289 2295

S EUM 2GR FE VAL C o BEAK, BOARL T EE S, BT 6 F AR
WP 2 W0 53 AT 25 AR AN R 22 35 46 A [ A% B2 (¥ 38 o,
X R WA 3R S I B AR R 24 3 T PR AR AN
W > A Ok, 38 5 B R AR a3 B e 4 B 4 A DA TR
BRA K.

CYP3A4.CYPIAL.CYP2EI 225Xt 5 1
Bt 7 10 AR 2024, B R gk BT (R BR PT RE S B E
SRR B 0 VE VR OC . H AT T IR R A
M P 3 2 A B R R L 32 AR A o AR T
I 1Y s M 7, T TR P 0 T — o Y A R, RO
e A AU G B3 R T aE— B .

TG 45 5 IR, BRL T A A el A0 O TG 284 A= )
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