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Comparison on three methods for identification of critical process parameters

LIU Shuang-yue, SHEN Jin-jing, LI Wen-long, QU Hai-bin, GONG Xing-chu

Pharmaceutical Informatics Institute, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China

Abstract: Objective To investigate the characteristics of multiple linear regression method, stepwise regression method, and
standardized partial regression coefficient method for the identification of critical process parameters. Methods The acid precipitation
and alkaline dissolution process of Scutellariae Radix (SR) water extract was investigated as an example. Results Similar results were
obtained using three different methods. The concentration of SR water extract, pH value of acid precipitation, pH value of alkali
dissolution, and refrigeration temperature were considered as critical process parameters. Conclusion The selection of threshold
values of the three methods all are subjective. Multiple linear regression method is simple, but is not as sensitive as stepwise regression
method. The effects of a parameter on several process indices can be considered simultaneously and easily weighted using standardized
partial regression coefficient method.
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Table 1 Fractional factorial designed experiments and results
e TEZHBCE (55 WA gD TR R PR B /%
e Algg™h B C/C  D/min E/C F/h G 155l S 0SSy oS £
1 0.120 (+1) 3 (+1) 50(-1) 40(-1) 50(-1) 20(+1) 8.5(+1) 21.7 39.6 44.1
2 0.052(-1) 1(1) 50(-1) 80(+1) 50(-1) 20(+1) 8.5(+1) 42.6 75.3 69.7
3 0.120(+1) 1(1) S0(-1) 40(-1) 300(+1) 12(-1) 8&5(+D) 49.3 75.0 79.4
4 0.120(+1) 1(-1) 50(-1) 80(+1) 30.0(+1) 20(+1) 6.5(-1) 53.0 86.0 80.5
5 0.052(=1) 3(+t1) 90(+1) 80 (+1) 50(-1) 20(+1) 6.5(-1) 30.2 63.2 314
6 0.086 (0) 2(0) 70 (0) 60 (0) 17.5 (0) 16 (0) 7.5 (0) 47.5 81.8 70.9
7 0.120 (+1) 1(=1) 90(+1) 40(-1) 50(-1) 20(+1) 6.5(-1) 54.6 88.4 80.0
8 0.120(+1) 1(-1) 90(+1) 80(+1) 50(-1) 12(-1) &5+ 55.8 91.1 79.6
9 0.052(-1) 1(1) 50(-1) 40(-1) 50(-1) 12(-1) 651 47.7 89.3 81.3
10 0.086 (0) 2(0) 70 (0) 60 (0) 17.5 (0) 16 (0) 7.5 (0) 47.7 84.3 72.6
11 0.120 (+1) 3 (+1) 90(+1) 80 (+1) 30.0(+1) 20(+1) 8.5(+1) 232 44.5 16.7
12 0.120 (+1) 3 (+1) 50(-1) 80 (+1) 50(-1) 12(-1) 651 29.8 579 38.5
13 0.052(=1) 1(¢1) 90(+1) 80(+1) 30.0(+1) 12(-1) 6.5(1) 48.7 92.0 69.8
14 0.052(-1) 3(+1) S0(-1) 40(-1) 300(+1) 20(+1) 651 20.9 37.6 272
15 0.052(-1) 1(1) 90(1) 40(-1) 300(+1) 20(+1) 8&5(+D) 329 65.3 64.2
16 0.086 (0) 2 (0) 70 (0) 60 (0) 17.5 (0) 16 (0) 7.5 (0) 48.7 89.0 76.4
17 0.120(+1) 3(+1) 90(+1) 40(-1) 300(+1) 12(-1) 651 294 53.1 17.4
18 0.052(=1) 3(+1) 50(-1) 80(+1) 30.0(+1) 12(-1) 85(+]) 9.1 18.6 6.3
19 0.052(=1) 3(+t1) 90(+1) 40(-1) 50-1) 12(-1) 85(+D) 17.8 34.6 19.4
£2 ZRLMEFAERFRREEARE. PES RE
Table 2 Partial regression coefficients, P values, and R” values of multivariate linear regression models
- FP R OR B R WATIRE R DUAAT R R
(CIEVEER-3 P (CIEVEER-3 P1d (CIEVEES3 P
W 0.370 0.670 0.540
A 0.042 0.033" 0.037 0.235 0.042 0.207
B -0.130 <0.001" ~0.200 <0.001" —0.250 <0.001"
C 0.012 0.513 0.033 0.290 —0.030 0.351
D 0.011 0.522 0.029 0.357 -0.013 0.689
E —0.021 0.244 —0.042 0.185 —-0.052 0.126
F -5.3X107? 0.762 -7.3X107 0.810 0.014 0.666
G -0.039 0.045° —0.077 0.025" —0.029 0.369
R’ 0.861 0.836 0.868

*P<0.05
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Table 3 Critical process parameters selected using different methods

T Z etk nl s P A BRI PAE IR G EVEER A ePS I LPaE Pl
0.05 0.10 0.15 005 010  0.15 0.61~0.72 0.52~0.61 0.33~0.52
A v v v v v v v v
B v v v v v v v v v
C
D
E v v v
F
G v v v v v v v v v
v KT LS
v/ critical process parameter
x4 FSEVFFEFREEARE. RPINPE
Table 4 Partial regression coefficients, R” values, and P values of stepwise regression models
VAN PR B R LIRS ER VST PO B R B
W PAE AR mPDA RS P BEAEDRRI mIEDE RS P BEARPEI wmEHARE PAE
0.05 s 0.370 W 0.670 s 0.540
A 0.042 00212 B -0.200  <<0.000 1 B -0.250  <<0.000 1
B -0.130  <<0.000 1 G -0.077 0.022 1
G -0.039 0.0309
R’ 0.830 R’ 0.749 R’ 0.787
0.10 s 0.370 W 0.670 s 0.540
A 0.042 00212 B -0.200  <<0.000 1 B -0.250  <<0.000 1
B -0.130  <<0.000 1 G -0.077 0.022 1
G -0.039 0.0309
R’ 0.830 R’ 0.749 R’ 0.787
0.15 s 0.370 W 0.670 s 0.540
A 0.042 00212 B -0.200  <<0.000 1 B -0.250  <<0.000 1
B -0.130  <<0.000 1 G -0.077 0.022 1 E -0.052 0.106 5
G -0.039 0.0309
R’ 0.830 R’ 0.749 R’ 0.820
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absolute values, and model R*> values obtained using

Partial regression coefficients, sums of their

Equation 3
FH (GRS TIEEES (CIEVEER3
PPEOST EA DO dOHMEZA
A 0.290 0.160 0.160 0.61
B —0.880 —0.850 —0.940 2.67
C 0.080 0.140 —-0.110 0.33
D 0.079 0.120 —0.048 0.25
E —0.150 —0.180 —0.190 0.52
F —0.037 —0.032 0.052 0.12
G —-0.270 —0.340 —0.110 0.72
R’ 0.861 0.836 0.868 —
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