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Predicting pharmacokinetic behavior of aconitine in humans based on
physiological pharmacokinetic model
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Abstract: Objective To establish a physiological pharmacokinetic model of aconitine in rats and extrapolate it to healthy Chinese
adult males to predict the pharmacokinetic behavior of aconitine in humans. Methods The literature was reviewed to obtain
physicochemical and biochemical parameters as well as pharmacokinetic data of aconitine, and GastroPlus software was used to
construct and validate a physiologically based pharmacokinetic model in rats. The predicted and observation pharmacokinetic curves
and major pharmacokinetic parameters were compared. And further extrapolate to healthy Chinese adult males. Results The main
pharmacokinetic parameters of the constructed rat physiological pharmacokinetic model, Ciax, Tmax, AUCo~, and AUCo-~inf were within
0.5—2 times the error range of the predicted and observation values, and the mean collapse error and absolute mean collapse error of
the predicted and experimental values were within acceptable limits. The pharmacokinetic behaviors were extrapolated to healthy
Chinese adult males. Conclusion The physiological pharmacokinetic model of rats was successfully constructed and extrapolated to
humans to predict the pharmacokinetic behavior in humans, which provides a basis for the efficient and safe use of aconitine in clinical
practice, as well as an idea for the risk assessment of aconitine-containing Chinese medicines.
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Table 1 Main parameters of aconitine PBPK model

ZH AL KK R
A5 kg 0.2 60
fRESH L (pKa) — 7.582 7.582
pH 9.32 I iR T mg-mL!  0.76 0.76°
pH 7 MK AR — 1.612 1.612
(logD)
KWIBIEZR (Papp) cms™! 7X1077b0191 73X 1077 bl19)
130 84y $ (fup) % 76.10020] 34.56°
AR E L (Rbp) — 0.772 0.722
B iR % (CLkidney) L-h! 0.216¢! 14.760°2
RFiEBR % (CLiver) L-h! 0.328% 22.537

a-ADME Tl e SR ALJ5 ({8 b-1 2 B SCRB 3 c1-R A
CLiotat = CLiidney T CLiver 155 ¢2-KH  CL human = CL¢ animat X
(BWhuman/BWaniman) ™ 115

a-ADME predicted and optimized values; b-obtained from literature
review; cl-calculated by CLigal = CLiidneytCLiiver; ¢2-calculated by
CL human = CLt animaX(B Whuman/B Wanimar)* 7>

2 2R - W o L R #L (tissue to blood
partition coefficients, K,) 2Rk K
IR LI LS, A M EEN S KK
st (D &R,

Kp=AUCitissue(0—t)/ AUCplasma(o~t) D)
AUCrissueo~t & 0~t B [ B A 20 2R 25 Wik e il 46 T THI AR
AUCplasmao-t7& 0~ B [A] B A IfIL 3% 245403k 5 th 46 T THI AR
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1 Ky, fH. HAHL K, [ERHBAFHNE Lukacova
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K, HE W 2,
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Table 2 K, data of different tissues of male rats

HR Ky
Jii 2.09
il 0.93
JiINA 1.42
BF 14.29
R E RSN I R 0
it 1.63
i 1.46
i 0.56
=1 6.13
Rk 1.30
A 1.99
ANC ¢ 1.07
S 0.94
H A4l 2 1.63

RGUH RN B ERRE . SRR
JREH BB F o AR DA 1 TS HR0E S Sk
AR ALY HE T AR 240, TR] L 22208 JEL 1375 e T B2 i o 5%
SCHR TR K 25 24 1) 24 30 5 B0 PAEAT AR b = 40 b
BRI RGEIERR, SRR NS ER R,
FiERENRADERFSERRZZ, LA
A (2D

CLutotal= CLxidney + CLitiver 2
CLtotal NRRBIERRZ, Cluidneys CLiiver 73 AN B I BR RN
I B 2

RlE, 0.2 kg HEHE KRR GUSIERREN 0.547
L/h, FH&EBZEN 0328 L/, Bl #% N 0.216 L.

NMTERR R AR Kl FERPIA N (3) .

CLt human = CLt animal X (BWhuman/B Wanima1)®7> 3)
CLt uman~  CLt animat 73 5 A NAE SIEBRE . S W& BR 2,
BWhumans BWanimal 431 AR Z0 407 55

PLESHUE N S LN PBPK L (1) 36 A
ZH.

1.3 HRENEISIFN

1.3.1 K PBPK A (ST R IHIE KR 5 T
M ZHE SN GastroPlus BiEd, #IELL T
BRI

(1) %57 iv 4525 PBPK #5578 14 0.200 kg 1
PEKER v 0.05 mg/kg FIEEE NEREEE, #fe KR

RGIERBELLN . HiERE.

(2) #57 ig #5245 PBPK M. 7 iv 4 #54AY
Heaih LRt — DAL ig 45245 PBPK BB, ifE 0.275
kg HEME KRR ig 0.5 mg/kg FIEHE N ig 45 A 4R

(3) FREAIVPALFRIE: FZ 2587 S H TME
5XMME 2 LA 0.5~2 2 NEO) ARIE- I B iR 22
fi (average fold error, AFE) FIZEx V)& iR %=
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B P AER BE AT 52, LAl (4) FT (5). 4
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HEZ MR OE R OB/ T & 0.005 1 mg/kg?®.

Ak, MRIEAR (3) FfF: CLihuman N 37.297
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M EARR | AEL, Sl ot k. B,
iy s e B2k LRSS, 29I i soss
TEFE GastroPlus FUEF N W 1 2 s = IR ICRN #% 12

(‘advanced compartmental absorption and transit,
ACAT) FRL, il i A4 S B8 S RS T ik
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Table 3 Comparison of predicted and observed values of main pharmacokinetic parameters after iv and ig administration in

model set rats

Cmax/(ng'mLil) - Tmax/h

AUCo-inf/(ng-h'mL™))

AUCo J/(nghmL 1) _ .
odJmgh'ml ) ooy o, AFE AAFE

Pi's— R % o e e /% v — RZE/Y% v -
WLAE T * WP T C OB B COBME M
Al — — — — — — 18.28 17.83 0.98 14.94 17.09 1.14 0.81 1.59
BB 10.20 1450 1.42 0.76 1.12 1.48 52.18 46.14 0.88 50.14 45.55 091 0.61 2.17
A-iv 0.05 mg-kg™ Z3kbl (AFE 02kg)  B-ig 0.5 mg-kg™ 23k (R 0.275 kg)
A-iv 0.05 mg-kg ™! aconitine (body weight is 0.2 kg) B-ig 0.5 mg-kg ! aconitine (body weight is 0.275 kg)
~ 10000 3 A — B _ 207 B — HE
»é 1000 = . M 1&] = A
£ 100 - 2
H 1 4 i)
HE =
0.1 T T T T 1
0 05 10 15 20 25 0 10 20 30
t/h t/h

AP R 0.2 kg HEME KRR iv 0.05 mg-kg ' %3kl B-THA 0 & 0.275 kg MR R ig 0.5 mg-kg™ 2 3kHH
A-mean body weight 0.2 kg male rats were iv 0.05 mg-kg™! aconitine B-mean weight 0.275 kg male rats were ig 0.5 mg-kg™! aconitine
1 BEARE KR 53 I 2% K B - B () i 2%

Fig. 1 Modeling dataset rat aconitine plasma concentration-time curve

F4 WIEBURE 0275 kg M AR ig AAREEAEFSHIUNESWUER LR

Table 4 Comparison of predicted and observed values of main pharmacokinetic parameters after ig administration of 0.275

kg male rats with validated data set

Cmax/(ng'mLil) N Tmax/h . AUCOwinf/(l’lg'h'mLil) N AUCO:/(ngth’l) N
95 %TD%/O/ %TD;}‘;/O/ 5 » 'LD%/O/ 9 5 1‘3%/0/ AFE AAFE
5 I B D I B e W RO i mE
AB 996 1462 147 0.83 1.12 1.34 63.34 46.51 0.73 53.67 45.92 0.86 0.54 2.39
BB2 509 5.81 1.14 099 1.12 1.13 31.31 18.46 0.59 24.70 18.22 0.74 041 2.83
CI¥l 775 1450 1.87 1.00 1.12 1.12 26.68 46.14 1.73 26.03 45.55 1.75 1.10 2.09
A-ig 0.504 mg-kg ! Z3LHH  B-ig 0.2 mgkg ! Z3LHH  C-ig 0.2 mg-kg ™! 153k
A-ig 0.504 mg-kg™" aconitine B-ig 0.2 mg-kg™! aconitine C-ig 0.2 mg-kg™' aconitine
2.2 A& PBPK 1&#! 3 Fime
MR TR AR IEREANEERR 23 SEAWAEXRMPERRKESMHARNSE
2, KRR PBPK BAUBEAT M EAMER P E R RO

S, TN SBRAE AR 2B R . BN po
0.0051 mg/kg 1308 ) PBPK 7 Fil i) 3 F 24 5)
SRR S, TR A A 25 24 A - 1) iy 4 2

A TR R B 24 A2 TR R PBPK R,
T Sk A e A B AL AL, K RSV A
MIgs R (B 4) BB SkBilfr £E) 2 70 A0 R
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A-ig 0.504 mg-kg ! Z3LTH  B-ig 0.2 mg-kg ! Z3LHH  C-ig 0.2 mg-kg ! 3L
A-ig 0.504 mg-kg' aconitine B-ig 0.2 mg-kg ™! aconitine C-ig 0.2 mg-kg! aconitine

2 BNEHIEETHIRE 0.275 kg 1M KR ig S Sk AY M 3R IR FE - iE] 2k

Fig. 2 Verification of plasma concentration-time curve of aconitine given by ig administration in male rats with an average

body weight of 0.275 kg

*x5 TUNPERRMESF PBPK iR T EANFESH Lon

Table5 Predicting main PK parameters of PBPK model for T
healthy adult Chinese male T: 087
YRRy AR " g ]
B BN [T Ml = 06
Cmax : L7l . = 1
ng-m 0.81 B o4
Tnax h 1.52 ﬂl\{ﬁ -
AUCo- ng-h-mL™! 4.20 B 0.2
AUCo-inf ng-h'mL™! 422 ]
([

FEIF B IR I RGE, &T MLR 2R B 0 oo 30

HOATES S M AT —E, RESOIER @3 o s e 7 & SR 2ol R A ek
FERFFEU33), B SLpgifE AR 28 B e s Fig. 3 Predicted aconitine plasma drug time-concentration
ERBAPEEA—2., fHikr W, PBPK AT Ti profiles in healthy adult Chinese male
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A-iv0.5mgkg! B3k B-ig 0.5 mgkg &3kl C-ig0.504 mg-kg™' %3ki  D-ig 0.2 mg-kg™ %kH  E-ig 0.2 mg-kg™' &3kl (A~E J T

R 0.275 kg HEMERED  F-rP E A BB 5 F po 0.0051 mg-kg™' % 3k

A-iv 0.5 mg-kg ! aconitine B-ig 0.5 mg-kg ! aconitine C-ig 0.504 mg-kg ' aconitine

E was male rats with an average body weight of 0.275 kg) F-0.0051 mg-kg " aconitine for Chinese healthy adult men
B4 SBYEIWEEEAREPERRRESFHRSH

Fig. 4 Tissue distribution of male rats and Chinese healthy adult male after administration of aconitine

D-ig 0.2 mg-kg ™" aconitine E-ig 0.2 mg-kg™' aconitine (A—
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Fig. 5 Parameter normalized sensitivity coefficients
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SE

[11 sk, 255, xEsg, &5 SR ST ESLL AR
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