Zj~4 243 Acta Pharmaceutica Sinica 2009, 44(1): 19~24 19 -

EHUEERASNME X EH R B Y M
£ B

(LR EYEARTRATF, EifE 200235)

WE: AN T RNIMERIE RS G BUE RIS SR B, iR 7RG RUEAM ] Excel AR HI7 )
2B 1 2 B AR RN RETEAT Do (R SR S T7 i, T R T AR WAMHSCIERI T o 13 B KA 25408 0 2 5
PEIEAT A LLIRAMIR IO B0t s, AE MR N B BCHEAS TS 5 AT 7K U IR AT B2 1, AE Excel ARG R S5 B LUK
FVR IR 7 3 AU P2 e PR A N bR B (Al 7R e B0 B 8, S i AU P52 e P A X o B Dy o590 0 ¢ A RE TR AT
955 R AINRE TR A T A OGTERI 9T o AE S TR AU BER] Tk N, HLE L 5 B S B M S BV T E
BAIEW] VAT BAT 2, T LU AR A AMH SR PEE ST AT ) TR

KEEIR: BRI RN IMITENE; Excel

FESZES: RYM XHERFRIRED: A X EHS: 0513-4870(2009)01-0019-06

Application of numerical convolution in in vivo / in vitro correlation
research
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Abstract: This paper introduced the conception and principle of in vivo / in vitro correlation (IVIVC) and
convolution / deconvolution methods, and elucidated in details the convolution strategy and method for calculating
the in vivo absorption performance of the pharmaceutics according to the their pharmacokinetic data in Excel, then
put the results forward to IVIVC research. Firstly, the pharmacokinetic data ware fitted by mathematical software
to make up the lost points. Secondly, the parameters of the optimal fitted input function were defined by
trail-and-error method according to the convolution principle in Excel under the hypothesis that all the input
functions fit the Weibull functions. Finally, the IVIVC between in vivo input function and the in vitro dissolution
was studied. In the examples, not only the application of this method was demonstrated in details but also its
simplicity and effectiveness were proved by comparing with the compartment model method and deconvolution

method. It showed to be a powerful tool for IVIVC research.
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Figure 1
functions in vivo

[llustration of input, weighting and response
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RES1 RES2 RES3 RES4

Time WEI 0h, 1h, 2h, 4, RES
30% 40% 20% 10%
0 0 0 0
0.5 1.22 0.36 0.36
1 1.48 0.44 0 0.44
15 1.36 0.41 0.49 0.89
2 1.11 0.33 0.59 0 0.93
2.5 0.86 0.26 0.54 0.24 1.04
3 0.63 0.19 0.44 0.30 0.93
3.5 0.46 0.14 0.34 0.27 0.75
4 0.33 0.10 0.25 0.22 0 0.57
45 0.23 0.07 0.18 0.17 0.12 0.54
5 0.16 0.05 0.13 0.13 0.15 0.45
5.5 0.11 0.03 0.09 0.09 0.14 0.35
6 0.07 0.02 0.06 0.07 0.11 0.26

Figure 2 Tllustration of superposition principle. The charts
show weighting, input and response profiles; the table
illustrates the corresponding data
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Table 1 Pharmacokinetic and in vitro release data of tetrandrine
Time /h 0.25 0.5 1 1.5 2 2.5 3 4 5 6 7 8 10 12 24
Reference /ug~mL'] 0.17 0.31 0.93 1.79 272  3.53 2.65 2.03 1.64 1.16 1.02 0.71 0.55 041 0.17
Test /p.xg-mL'1 0.13 0.29 1.04 1.38 2.17 247 2.14 1.68 1.37 1.09 0.35
In vitro release /% 8.01 22.08 2455 3324 63.83 82.66 95.31 99.84 100
Wagner-Nelson fitting 0.65 2.54 9.31 15.62  30.25 45.66 52.11 59.81 76.66

Table 3 Data of calculated response function of tetrandrine in Excel

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

22 Triangular Matrix

23 0 0.25 0.5 1 1.5 2 2.5 3 4 5 6 7 8 10 12

24 0.25 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25 0.5 0.00 0.0l 0.01 0.02 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
26 1 0.01 0.04 0.06 0.08 0.09 0.08 0.04 0.02 0.00 0.00 0.00 0.00 0.00
27 1.5 0.02 0.08 0.14 0.18 0.19 0.13 0.06 0.02 0.00 0.00 0.00 0.00
28 2 0.04 0.14 0.23 0.33 0.28 0.16 0.06 0.02 0.00 0.00 0.00
29 25 0.06 0.19 0.42 0.44 0.30 0.14 0.05 0.00 0.00 0.00
30 3 0.06 0.32 0.45 0.38 0.22 0.09 0.00 0.00 0.00
31 4 0.19 0.56 0.68 0.52 0.27 0.03 0.00 0.00
32 5 0.15 0.44 0.53 0.41 0.08 0.00 0.00
33 6 0.11 0.33 0.40 0.16 0.02 0.00
34 7 0.09 0.26 0.24 0.05 0.00
35 8 0.07 0.25 0.10 0.00
36 10 0.20 0.32 0.00
37 12 0.15 0.00
38 24 0.29
39 SUM  0.00 0.00 0.02 0.08 0.21 0.44 0.78 1.54 2.06 2.15 1.92 1.57 0.97 0.64 0.29

Table 2 Tetrandrine data of convolution method in Excel

1 2 3 4 5 6
1 ICUM Weibull Parameter
2 SHAPE 2218
3 SCALE 3.144
4 TIME ICUM WOBS WAVE RCALC ROBS
5 0 0 0 0 0
6 0.25 0.00 0.17 0.09 0.00 0.00
7 0.5 0.02 0.31 0.24 0.00 0.00
8 1 0.08 0.93 0.62 0.02 0.13
9 1.5 0.18 1.79 1.36 0.07 0.20
10 2 0.32 2.72 2.26 0.20 0.29
11 2.5 0.46 3.53 3.13 0.43 0.61
12 3 0.61 2.65 3.09 0.75 1.04
13 4 0.83 2.03 2.34 1.51 1.38
14 5 0.94 1.64 1.84 2.04 2.17
15 6 0.99 1.16 1.40 2.15 2.47
16 7 1.00 1.02 1.09 1.93 2.14
17 8 1.00 0.71 0.87 1.58 1.68
18 10 1.00 0.55 0.63 0.98 1.37
19 12 1.00 0.41 0.48 0.65 1.09
20 24 1.00 0.17 0.29 0.29 0.35
21 SSQ: 0.698

(R23C-R[-1]C1,SHAPE,SCALE,1)-WEIBULL(R23C-

RC1,SHAPE,SCALE,1)), Hr R[-18]C4 Bl A AHMN [
WAVE 8. A ARRE AR @M I\XW\ [I1H,

DRI A3 1) BT A% R AT (SUMY) BV g BEAS IS T 5 F)
N bR $iF 54, RCALC. SUM [f] Excel 2 zlN
=sum(R[-15]C:R[-1]C)-

ARIETHE R B, ICUM Weibull Parameters Jil
"~ ¥) SHAPE H1 SCALE #{i 75 245E X, RI¥ R2C2 I
R3C2 LT ol “HN" , “@m”, “wEX”
3 SHAPE F1 SCALE.

[A 2k Weibull # %500] LA A SHAPE Fil SCALE %%
MR Z FE R, FEA L2 AR R
SE B R O S I 75 2, DR AR SO AR D A AR
(PN R B B T R, A S5 R 3.

55 SCHR A AR SN TR S K ] Wagner-Nelson
RUE S R 23 30 F() % EAT LA A R LK 4.
L BUE 1S B 45 B 5 08 A0 R B A S L (0 A
Ktk

AR U AR 254080 1 25 L& 4, %
BUETHE S IR WA 50 ASCHERIETH 45 3 5 Sk
REBBUEFSHHE RN (JS5) aTi: © A
BOETH R 25 RS RN RAT AR 1, @ X
7 RS 6 A Rv) 7 = B el s ol R = == {11 )W PR R
KT VR 25 A, BRA WS (6 h), R4 257 AH
() R AR OO0 R T EE A 25 T 100% ¥ BB AE
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Table 4 Pharmacokinetic and in vitro release data of metformin hydrochloride

Time/h 0.3 0.6 1 1.5 2 2.5 3 4 6 8 12
Reference/pg-mL'ID 187.7 700.9 1042.3 1140.7 1266 1421.6 1373.5 1140 737.2 455.1 125.6
Test /pg-mL'1 55.2 210.4 267.3 767.9 958.6 1024.8 1124.8 1138.3 958.6 562 249.7
In vitro release /%! 352 50.3 67.0 80.9 88.5 99.4
Deconvolution(] 52 70 102 199 145 201
: 12 4 BESRZ
..................................... JALL L 52T L B, AR S0 TR A A B
. ——woes | T LA 24 30 27 HICAR 3454 T £ 0 40 P R G
F - = RoBs = 2, TR MRS, AT, SRR R 3%
80 S) N N Y 2
£ 2 3 BRI TUA P A AR S AR S0 SR $cdi b B 1 1 i
" 0.4 MY, ST S I Bevh A i IR A )
! 22 ) N K AN ) 45 245 7 2Bl 7 28 A4 Sk A vk 250
o : . Wi . bR 2, 3 7 R R TE A B AR R RO R e
D . ls/h 2 LR E5 R W 1. bRy H 2 18] IR 25 R IR 2E e, IXFE A R
ime

Figure 3 Profiles of WOBS (observed weighting function),
RCALC (calculated response function), ROBS (observed
response function) and ICUM (accumulated input function)
functions of tetrandrine

1.2

ICUM
= [nvitro release
------- Wagner-Nelson F(7)

12 18 24
Time/ h

Figure 4 Comparison of tetrandrine ICUM (accumulated
input function), in vitro release and estimated in vivo
absorption calculated from Wagner-Nelson method in

reference
25 ICUM
= [nvitro release
------- Deconvolution
2.0 )

Time/ h

Figure 5 Comparison of metformin hydrochloride ICUM
(accumulated
deconvolution results in reference

input function), in vitro release and

AT RATIR SRR SRR N AR IE DG R - M B
2522 TARE X SOV IRAWIRAN, BB G BUEALE 1K
P SCHE T S b 4 45 20 ORB) 2 (N H

Table 5 Metformin hydrochloride data of convolution method
ICUM Weibull Parameter

SHAPE 0.828

SCALE 0.935

TIME ICUM WOBS WAVE RCALC ROBS
0 0 0 0

0.3 0.32 187.7 93.9 30.3 55.2
0.6 0.50 700.9 4443 160.1 210.4
1 0.65 1042.3 871.6 419.0 267.3
1.5 0.77 1140.7 1091.5 684.4 767.9
2 0.85 1266 12034 8775 958.6
25 0.90 1421.6 13438  1051.1 102438
3 0.93 13735 13976 11737 11248
4 0.96 1140 12568 12025 11383
6 0.99 737.2 938.6 972.1 958.6
8 1.00 455.1 596.2 655.5 562

12 1.00 125.6 290.4 304.9 249.7

SSQ: 58 893.56
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