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Pharmacokinetic studies on aconitum alkaloids from Aconiti Radix in different
compatibility with Trichosanthis Fructus in rats
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Abstract: Objective To study pharmacokinetics of aconitum alkaloids from ethanol extracts of Aconiti Radix and Trichosanthis
Fructus in different compatibility ratios after oral administration to rats, and compare the influence of Trichosanthis Fructus on
pharmacokinetic characterization of Aconiti Radix. Methods A sensitive, selective and rapid liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method was established for simultaneous determination of the six aconitum alkaloids in rat plasma. Rats
were randomly divided to three groups, and were given ethanol extracts of Aconiti Radix and Trichosanthis Fructus in different
compatibility ratios (1 - 0,6 : 1 and 1 : 6), respectively. Blood samples were withdrawn at different time points and analyzed. Main
pharmacokinetic parameters were calculated using DAS 2.0 Software Package. Results Pharmacokinetic parameters including 7.«
and #,, of aconitine, hypaconitine, and mesaconitine varied significantly after compatibility, with almost the same variation trend.
Compared with Aconiti Radix group, t,. of aconitine, hypaconitine, and mesaconitine decreased significantly (P < 0.05) in group of
Aconiti Radix and Trichosanthis Fructus in compatibility ratio of 6 . 1, while increased significantly (P < 0.01, 0.001) in group of
Aconiti Radix and Trichosanthis Fructus in compatibility ratio of 1 : 6. T}, of aconitine, hypaconitine, and mesaconitine decreased
significantly (P < 0.05, 0.01) in group of Aconiti Radix and Trichosanthis Fructus in compatibility ratio of 1 . 6. The compatibility of
Aconiti Radix and Trichosanthis Fructus could affect absorption and elimination of the three aconitum alkaloids. Conclusion Aconiti
Radix in compatibility with Trichosanthis Fructus led to pharmacokinetic alteration of the aconitum alkaloids, and compatibility ratio is
an important condition for the incompatibility of Aconiti Radix and Trichosanthis Fructus.
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NS RFBERY K8 Sk Aconitum carmichaeli
Debx. [P, H 3o 2 A0, A0 F5 XS
RO NI A S A AR At A
Woms, HLAHUE. PR, IR SR
PR JE ARG RE Trichosanthes kirilowii Maxim.
ARG T rosthorinii Harms B4 il 2R R 512,
HFEZER MRS, I, . =nik
Je @I AR, Iy - R <
K7 AR, PIARZ AR BEELL L (h
25 80) S5 I HANE R o AR A STk A ARt
FNAZ NS 5 R [R5 BN H RS2, (3%
ID I IR REAI AN =L PR 3 DI 1737 ik
T 3L 5 RN VA T D SOm B B Y.
NN 5 RS TE 2 A RAAEEAR KIS, A 1E
Tl — RN AR AT D0 )11 5 5 TR
PR I S PR B RS B AR )1 2 5 TR AR L 431
fE4 1 1~10 0 TIARRG MTE2 2 1~1 1 6 WA RS,
Frhe 7T RE S A IR 2 AT AR S B R AET
T LC-MS/MS FLAT R w . R BETESR 1Y
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1.1 258 55

I Frh E 2R R AT, SRR 2R
BEREAREE N BERMEY S Kk Aconitum
carmichaelii Debx.[F TR . JNZE BT 7548 1t
BEEL, R B 2 K2 2 RAE 4% 508 = Rt
FEYIKERE Trichosanthes kirilowii Maxim. [#)J5 15 24

15 3.5k (aconitine, AC, #t*5 110720-200410)
K% 3L 4% Chypaconitine, HA, #it5 110798-200805 ).
B Sk (mesaconitine, MA, #t5 110799-200505) .
I F R 3K J5U, (benzoylaconine, BAC, #it5 110797-
200405) R HEEXR YL 5, (benzoylhypaconine,
BHA, #it%5 111796-201002) < HEHT % 3k I ik
(benzoylmesaconine, BMA, fit*5 11795-200901)
J T TR 20 B34 =98%, I [ H R £ 2 A e
WEoEhe, R TIRIAE (it 101059-201101, Jit
TP EL=98%) X LS B BRI A5 B AE IR

PR F]
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A o FLAAR T A A b4k
1.2 SRR
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Applied Biosystem /A ] ), QL-901 43 igie A 75
GHEET T HAR DRGSR A IR AR, XS 205 1R
S (Fijt: Mettler Toledo 4], Mikro 220R & 205
TA VR DHL (5[ Hettich 237D, &M (EH
Organomation 2 7 ),

1.3 Kz

Wistar K, HEVE, AT 200~250 g, W H
BB RAEYRE DA WRA T, SHhYVriEs
SCXK Jt 409-6004, K FFIFE T R v s 25 K2 S5
Ky, e (N RILFE 1A
SCIG SIS VbR AE Y T bRdE, B . K
K, IENMEFE 1 GRS .

2 HESHR
2.1 LC-MS/MS £ Hr&#

{3 244 Phenomenex Gemini C;s i (50
mmX2.0 mm, 5um); VshiH: HEE (0.1%H )
(A) - 5 mmol/L FSfRE% (B); AR : 0.4 mL/min;
FEilh: 40 C; BEEEMFET: 0.01~0.15 min, 90%B;
0.15~2.65 min, 90%~20%B; 2.65~4.15 min,
20%~0%B; 4.15~5.45 min, 0%B; 5.45~5.46 min,
0%~90%B; 5.46~7.00 min, 90%B. A T FiikH
EPED S R s S, 72 3 min 2RV A
Y.

SRS B RN ESTIR, 1E & TR,
W25 L S kV, & FUREE 500 C, B TYRSA 1
(Ny) % 60 C, k2 (Ny) #iJE 55 C, K5f
(N JE N 1379 kPa. K2 M AR,
T I RO SRR A A AR 1.
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FERAPRECA N 5y TR, 2T 10006 ¢
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Table 1 MS/MS parameters for determination of analytes BMA -
and internal standard K h“ A
BAC
I
wEY Qlmass/'u Q3 mass /u DP/V CE/V HA . L llnﬂlﬂm
AC 646.4 586.4 80 47 MA 0L
HA 632.3 572.3 80 46 AC | Bl
MA 616.3 556.3 80 44 IS(HR) LU
BAC 604.2 554.3 100 51 s
BHA 590.2 540.3 100 50 BHA A
BMA K
BMA 574.2 542.3 100 47
B BAC A
W F% 386.3 1223 51 27
HA j\
O e MA /\
23 MEREARIHE
. AC
YIRS BRI AC. HA. MA. BAC. BHA. : i
BMA % 5564, B 10 mL 5, 2 iR, IS A
FEMAEZIE, B 1 mg/mL X AE 0. 1 AT BHA ¢ |
FH 255K % et i 2 VORE FE R RS O & ACL HA A |
MA. BHA BRI 0.2, 0.5+ 24 5+ 20, e I
50. 100. 200 ng/mL Pz BAC. BMA Ji#k L5 A I
AA 054 1.25, 5. 12.5. 50, 125, 250. 500 ng/mL A /\
VR X HE A o SR E N bs BR TR T MR Al %o e
AER, 10 mL RIS AW, N A
N o S, =R N R
ZUE, W PRI SR R Ry 10 ng/mL /15 i
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

WHRE. P BE T-80 CORAE& .
24 MRHLBILIE

WORBIMHE 70 uL, MAZE 7 pL, A 10
ng/mL WARERIR T IRIAEH 10 uL, 14%3K%7K 10 uL
WIEPRS 10 85 IIAESER L5 600 pL i EdRs 15
min, 4 ‘C. 15000 r/min &.C> 10 min, H 35T
40 CHEAFWT, 100 pL FEE - /K (10 1) E3,
W ER VAR S, 4 "C. 15000 t/min 55 R &
A£>5 min, BIfH. HUEWEW 20 pL #HT LC-MS/MS
SEF T
25 FHEFER
251 HErEilEe o 6 HOR R E AR A
70 uL, BRAINAFRAE, HoAhdz “ MRe o a2
TR 5 iEAR B e BN PRV BE TR A5 0 BRI
FAFRIIAK RS M2, FEab s Bz alok
BN - JR3E (61 1) BEARWUS 1 h IR
i, [ANEALER . BUSFES, SEFEE S M TIER &
JETE. SRR, MR YEYEY AT 6 iy
LAY N AR IE, JriE R RN R .

t /min
A-FAMSE B-2 AR INE BN B KCE R A X RS TS
C-RBlig 211 - JRFE (61 1) BRI 1 h 5 (LAY o
A-blank plasma B-blank plasma spiked with analytes at LLOQ levels
and IS C-plasma sample collected at 1 h after ig administration of

ethanol extracts of Aconiti Radix and Trichosanthis Fructus (6:1) to rats

E1 XRMEHMMRM &iLE
Fig.1 MRM chromatograms of rat plasma sample
252 Mg EE TR BORCRIME 70 pL,
IR BIRART HESA 7 ul, BLflE & ACL HA
MA. BHA JifE#KEES 54 0.02. 0.05. 0.2, 0.5,
2. 5. 10 20 ng/mL L\ BAC. BMA ik 25y
524 0.05+ 0.125, 0.5, 1.25, 5. 12.5. 25, 50 ng/mL
PIILRAE A, Hordse “ MRAE ST E” 100 R 5k
MER. 7E 3 d TR T, BRI bR AE
MR ERE 3BT o DAL IR P A 0 A9 1) Jo A 52k i AlA
b, JLUETRIAR 5 A bR R W T AR LU AR ARKR, SR
FHIMA e /> — ey i AT & Ve, R R w=
17, FbsifE LR L VEmI RS, R 2. 45 R%
B AC. HA. MA. BHA 7£ 0.02~20.00 ng/mL £ 1%
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KARY, w&| FEIL 0.02 ng/mL, BAC. BMA
7 0.05~50.00 ng/mL £ &R R U, & F R vk
0.05 ng/mL.

FT2 ZMEYAFRE. BAXRBREEEE
Table 2 Calibration curves, correlation coefficients and

linear ranges

Wiy R , AR
(ngmL )
AC Y=0.274 8 X+0.005 6 0.997 0 0.02~20.00
HA Y=0.290 7 X+0.013 9 09940 0.02~20.00
MA Y=0.284 8 X+0.007 7 0.9970 0.02~20.00
BAC Y=0.086 4 X+0.001 7 0.9970 0.05~50.00
BHA Y=0.259 2 X+0.003 8 0.9960 0.02~20.00
BMA Y=0.083 3 X+0.001 2 0.996 0.05~50.00

253 REEESEERERE  BCS A KRImZE 70
ul, it AC HA.MA.BHA J5t &3 & 43 7] 4 0.050-
2.000. 16.000 ng/mL, BAC. BMA J5i B4 5
4y 0.125. 5.000. 40.000 ng/mL [ Jiif% (quality
control, QC) FEfh#- 6 1y, % “IULIAFF AT AL EE”

IR 754 1 d IESRIE 6 IR LA S RERAERE I
JE 1K, ESENGE 3 d, MY H BEAT PRt th 8 e
PEFRNA T FEVEE QC FE S P & 0o RIS, 43
SITHETIL RSD {HFI RE ., W3R 3. 45K ISR
S HP S HIA RSD fH¥S/N T 15%, RE £ +15%
Z 6], W AR N 28l A U K

254 FoetkilE:  HS AC. HA. MA. BHA Jit
BI04 0.050. 2.000. 16.000 ng/mL, BAC.
BMA JFUE IS 50514 0.125, 5.000. 40.000 ng/mL
1) QC FEil, AL = HE 6 hy 3 KRR (-20
T) -mtk (=D 16, -80 CHAF1MH, 1A
BIFGRAIG, % “IMEPEMATAEE” IR ke
P, W AR R, Ht 5 3L RE {EAT RSD fH.
[Fi] ] 2% 2 A0 B 1) LA Wb A H BIEERESS (4 °C)
JECE 24 h SO T 80 CURAT 1A H IR e
. 458 E W, AC. HA. MA. BAC. BHA. BMA
FEARFI A %%, RE H A-13%~9.8%,
1E+15%5HE N, RSD {H7E 0.66%~12%, /N T
15%. S5RNK 4,

T3 HERENBEERARER (n=6 )

Table 3 Results of precision and accuracy (n=6)

HaEY Jim i g /(ng-mL ™) SN R FE A(ngmL ™) HW RSD/%  HIi RSD/% RE/%
AC 0.050 0.0540.003 5.8 8.6 0.9
2.000 1.97+0.09 3.7 9.4 -13
16.000 16.5140.47 2.3 5.4 3.2
HA 0.050 0.048-0.002 4.6 8.2 —49
2.000 1.9740.10 43 9.2 -1.7
16.000 16.3040.52 22 7.2 1.9
MA 0.050 0.051+0.002 4.9 1.9 1.8
2.000 1.9140.08 1.9 10.6 —4.6
16.000 16.08+0.64 22 9.8 0.5
BAC 0.125 0.126+0.005 3.8 55 0.9
5.000 5.06040.220 3.9 6.9 12
40.000 41.6101.490 2.5 7.8 4.0
BHA 0.050 0.05240.002 4.5 4.4 3.8
2.000 2.09+0.07 32 2.7 43
16.000 16.69+0.46 25 4.4 43
BMA 0.125 0.12240.007 4.9 10.8 2.1
5.000 5.1404+0.210 42 3.2 2.7
40.000 41.42041.450 22 8.2 3.6
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F4 BREMERBREER (n=3)
Table 4 Results of stability test (N =3)

R B i FEIBCE 6 h 3 VU - R LRIR -80 CH#HAF1NMH WP 4 CilE 24h
D%y S DuAs Ak EEYpia=e7id WA T bR pit 73
& /(ng-mL™h) ~ RSD/% i RSD/% _. RSD/% _ . RSD/%

B /(ng'mL ") B /(ngrmL ") B /(ngrmL ") B /(ngrmL ™)
AC 0.050 0.051 4.1 0.053 10.0 0.044 2.7 0.049 9.7
2.000 1.810 1.7 1.840 2.7 2.020 2.8 1.940 1.2
16.000 15.430 1.3 15.600 2.2 14.570 1.7 15.930 2.0
HA 0.050 0.046 6.3 0.048 9.8 0.051 5.7 0.044 5.1
2.000 1.760 0.7 1.810 3.9 1.900 2.3 1.800 34
16.000 15.030 0.8 15.400 1.3 13.800 0.6 15.030 0.8
MA 0.050 0.049 9.6 0.055 2.6 0.040 7.0 0.049 8.0
2.000 1.740 1.5 1.740 1.7 1.990 2.2 1.810 2.5
16.000 14.500 2.0 14.730 3.4 14.030 1.2 14.870 2.4
BAC 0.125 0.129 9.7 0.122 12.7 0.119 2.4 0.123 8.5
5.000 4.637 2.9 4.613 3.6 5.190 1.8 4.727 1.9
40.000 38.533 0.8 38.667 2.0 42.300 2.6 38.200 1.8
BHA 0.050 0.049 2.8 0.048 6.2 0.049 8.2 0.051 8.1
2.000 1.960 2.7 2.010 5.5 2.080 1.6 1.903 4.5
16.000 15.670 3.2 16.030 4.4 17.470 0.9 15.070 1.7
BMA 0.125 0.115 6.6 0.128 12 0.127 7.7 0.124 9.5
5.000 4.660 3.2 4.730 0.9 5.160 33 4.750 1.8
40.000 39.000 2.4 39.030 3.0 42.930 1.1 37.430 1.7

2,55 [AISCRFE RO, B AR RIS 70

o ‘ %5 BERERMBRYERBER (=3 )
uL, it AC HA MA .BHA J5t B9 £ 23 51 4 0.050.

Table 5 Results of recovery and matrix effect (n=3)

2.000. 16.000 /mL, BAC. BMA JiEWRE D5 N
nem BRI =, K mgmL ) [ A%

4 0.125. 5.000. 40.000 ng/mL ] QC ¥ kb, F% “IfL

S e i ‘ AC 0.050 89.7 108.6
éﬁ*ﬁﬂ% R AL ER” IIJ\"Fﬁfzfﬁgﬁz , ﬁ*ﬂﬁﬁ%ﬁ: ﬁ):[ﬂj\[“'/f% 2.000 91.0 97.8
AT TR A Ay BUKRE 2 A M3 70 pl, 4% “ I 16.000 96.2 95.3
WRER AT ACEE . TR VAR, TR ) AR HA 0.050 96.3 105.8
Ry 3 AN TR IR E TR AN AR R, R 2.000 93.3 92.1
M, TS O TEIETHI AA Ao HURH Y T MR FEE 1R VR 16.000 94.6 95.7
LR, AR AR, W, MA %x zg fi
IR A30 Ay 5 Ay I EGAERP A A XS I, 16‘000 95‘5 96'9
A2 _‘% A3 H,:J tt’fﬁaﬂj‘j%)ﬁ&‘ﬁmo—‘ﬁ\)ﬁ%iﬁgiﬁfff BAC 0125 858 929
3 ANFEARIINT . PRSI IRDSZRTSE RAN 4 [R 2 1 5.000 917 937
o WK 5. g5 RRIRIPICEMST A2k, HA 40.000 94.4 96.2
VRN A M A N R B G, BHA 0.050 86.1 94.4
VB AT ZEANTE, X AE I AN Y R R B0 i 1 35 2.000 91.4 92.9
Eﬁ %’,%ﬁﬂlﬁ] i 16.000 92.7 97.4
s Mg s | Ate BMA 0.125 85.4 92.1

2.6 AMESHITE
5.000 90.9 93.8

SRR L S RO M 2 o e
FIREAFLHIRERT AC. MAL HAY BACY g 10,000 88.9 90.6

BMA. BHA HIFa20 8, Sriss2ime, 4
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B H 5500 125.2, 532.8. 667.9. 156.1. 109.5.
155.8 pg/kg, 2211 - JREE (6 - DAL 437 87.04
375.6. 466.2. 133.9. 96.8. 135.2 pg/kg, )11 -
JRZE (1D 6 AP435 4 116.9. 453.3. 684.5. 157.6+
106.0+ 148.7 pg/kg. 1 WLA: )1 JREEA[R] LL 5] e
R XU R A D ) o S B

I fe e i vE Wistar KR, BEAL> % 3 41, B4l
6 M, Zypidti e 12h, AHEYUK. 5l ig BN
LHREARF B, S SA2500 8
1.85 g/kg, 739 45250 (0 h) A4 245 0.08. 0.25.
0.5. 1. 1.5, 2. 3. 4. 6. 8. 12 h HHRHEHF:IKMERL
M, KI5 () I 25 B2 - I8 [R) 454 ] DAS 2.0

W AF (Drug and Statistics, 1 EHEEZR2ES, F)
IocSEgmD G, JrE s S5, RA
LR ¢ KIS AT SRV b
KB ig AN 5 TREEA [ Lo E i s, 1
HHE TR E] AC. HA. MA. BAC. BHA. BMA,
HELZ AT NG A . LEER A BAC,
BHA. BMA 7EZ /NI [H] 55T I3 25909 FEAIR
FER R, ANfese B2 Hl 25 th 2k 95 253
228, JRINATAEE BAC. BHA. BMA 7 FEHIR
TEEK, GHFIERN . R AP AC,
HA. MA [ 253K % - I EhZR UL 2, 258)% %
WA 6.

-
2.5 415 o 7 1|1
£ Aoz are 07 P e mimons ae 157 © e
220 NS -RE 611 N - REE 61 1) _ o )1 - R (126)
£ 2 60 7 BN - R (61 D)
= g ?E]
= &0 5
X1, £
o 5 40 g
S 2 =
= F 20 =
= =

2 KR ig £)| BRERRE LLHIEZRRE AC (A). HA (B). MA (C) WFHMZGRE - BHE#MLZ ( x+s, n=6)
Fig.2 Mean plasma concentration-time curves of AC (A), HA (B), and MA (C) after ig administration with ethanol extracts

of Aconiti Radix and Trichosanthis Fructus in different compatibility ratios ( X£5s,n=6)

%6 KR ig )| 5NERRE LLBIEZIRAE AC. HA 1 MA MZEHF S5 ( X£s, n=6)
Table 6 Pharmacokinetic parameters of AC, HA, and MA after ig administration of ethanol extracts of Aconiti Radix and

Trichosanthis Fructus in different compatibility ratios ( X£5,N=6 )

A=t A2 )15 JTRE L) AUC_/(nghmL™) Crax/(ngmL ™) fmax/h ti2/h
AC 1:0 7.05+£1.23 1.6740.87 0.83+0.59 6.97+1.77
6:1 5.49+1.31 1.88+1.04 0.080.00" 8.93+2.51
1:6 6.46+0.84 1.08+0.17 2.2540.88" 4.084+0.68"
HA 1:0 35.024+5.22 7.99+4.00 0.47+0.41 6.741.06
6:1 23.75+6.11° 9.44+5.07 0.08+0.00" 4.64+1.66°
1:6 39.57+6.20 6.6240.96 2.08+=1.02" 4.67+1.10"
MA 1:0 16.14+2.64 476%2.51 0.47+0.41 8.78 £4.29
6:1 10.36+2.72" 5.97+3.39 0.080.00" 6.12+1.71
1:6 14.47+231 2.67+0.32 1.9240.20™ 3.67+0.94"
LNl "P<0.05 TP<001 “"P<0.001

'P<0.05 "P<0.01 “"P<0.001 vsAconiti Radix group

3 itie

KR ig BN REEA R L B e e, R 2
VIR AC. MA. HA 75K RUALHE H i o 94 52 It
J¥h HA>MA>AC, 5 ILAERE3 b ot ik FE i
J¥ HA>MA>AC —3. 54 NZ4E, EHR

#J5, AC. MA. HA FEAH¥ESHIIRAETZ
fbe AC. MA. HA 7RI - JRZE (6 1 1) A Crax
ARER, ENE - JRZE (11 6) 4 Crax A B
A, HAR G225 B AC &L AUC,_,
T B EAAN, MA. HA 7648111 - K3 (6 1)
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2 AUC,_,, B E K (P<<0.05), £ - R ¢
6) HEAREZN. AC. MA. HA 1F tyu M 11
(PR FEFBIEAR 3, NS - JRZE (61 1) A toax
WEWN (P<0.05), AN - JKE (1:6) A
B (P<0.01. 0.001), H £, BEEK (P<
0.01. 0.001).

XUEER M08, AC MA. HA #iA K 2 N2 1)
ERS 0 % R 0 % I S B | e L A= /S T
817 S HR AR TR AR )1 S FCATAN [ LA 1 TR 2 5%
M7 AC. MA. HA 2530254418, 4N - )
#E (60 D) Aomd, WIHIER] Coar BZ 74
BEPE, WTREAE AR T A - TR (61 1) 415~
A R —, AN - TRE (1 6) 4l
T Wt BRI RR, AL RN ER, e
HARREFAN - TR (60 1) 41774 “RR” 11
JRRZ —.

ARSI H AL T R B E PR )R R 2
AC. HA. MA. BAC. BHA. BMA 6 1332544
Wk ) INEI 5 ) LC-MS/MS 2387 732 K205 ig
A2 ) AN ) B ) A B b s, AN IR A L 48
SRR AR ACVHA FI MA 4R R FE s A
7], M2yl 2e e iR 7S 5 “R”
5 R B LG g A, HALHIE A R T
BN
53 30k
[11 Zhu L, Yang X, Zhou J, et al. The exposure of highly

toxic aconitine does not significantly impact the activity

(9]

and expression of cytochrome P450 3A in rats determined
by a novel ultra performance liquid chromatography-
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