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Optimal extraction of indirubin from Isatidis Folium based on Plackett-Burman
design combined with central composite design-response surface methodology

TENG Yi, YANG Hai-ling
Zhejiang Pharmaceutical College, Ningbo 315100, China

Abstract: Objective To investigate the significance of each influencing factor and optimize the process of extracting indirubin from
Isatidis Folium by Plackett-Burman design combined with central composite design-response surface methodology (CCD-RSM).
Methods Plackett-Burman experimental design was used to screen the main influencing factors, and CCD-RSM was used to optimize
the extraction process of indirubin. With the concentration of ethanol, the ratio of material to liquid, and the extraction time as
independent variables and the extraction amount of indirubin as dependent variable, the optimum extraction process of indirubin from
Isatidis Folium was predicted and analyzed by multiple linear regression and binomial fitting models with independent and dependent
variables and the three-dimensional surface graph. Results The optimal extraction process of indirubin was as follows: ethanol
concentration 62%, solvent/sample ratio of 26, and extraction time 9 min. Under these conditions, the maximal extraction rate of
indirubin was 4.37 mg/g which was consistent with model predictions. Conclusion The optimal process is simple and convenient for
extracting indirubin from Isatidis Folium with high precision, reproducibility, and predictability.
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Table 1 Plackett-Burman experimental design and results
i s x1/W x2 X3 x4/mm xs/h x6/W x7/% X8 x9  HEEZ/mgg")
1 100(+1) 1(-1) 10(-1) 0151 03(+1) 01 70+ ZE (-1) 1) 3.778
2 30 (-1) 1(-1) 30(+1) 025(+1) 03(1) 50(-1) 70(+1) 7K (+1) (G2)) 4.579
3 30 (-1) 1(-1) 10(-1) 025(+1) 03(1) 01 30(-1) 7K (+1) +1) 1.124
4 30 (-1) 3(+1) 30(+1) 0.15(-1) 03(+1) 50(-1) 30(-1) ZK (-1) (D 4.048
5 100(+1) 1(-1) 30(+1) 0.15(-1) 0.1(-1) 50(-1) 70(+1) 7K (+1) +1) 3.837
6 100 (+1) 3 (+1) 30(+1) 0.15(=1) 03(+1) O0(+1) 30(-1) 7K (+1) (G2)) 4.285
7 30 (-1) 3(+1) 30(+1) 025(+1) 0.1(-1) O0(*1) 70(+1) ZEE 1) (+D) 4.994
8 100(+1) 1(-1) 30(+1) 025(+1) 0.1(1) Ol 30(-1) & (-1) (-1 4.017
9 30 (-1) I1-1) 10(-1) 0.15(-1) 0.1(-1) 50(1) 30(-1) & (-1) (1 1.468
10 100 (+1) 3 (+1) 10(-1) 025(*1) 03(+1) 50(-1) 70(+1) ZE (-1) (-1 0.551
11 100 (+1) 3 (+1) 10(-1) 025(+1) 0.1(-1) 50(-1) 30(-1) 7K (+1) +1) 3.692
12 30 (-1) 3(+#1) 10(-1) 0.15(1) 0.1(-1) 01 701 7K (+1) (G2)) 1.119
%<2 Plackett-Burman i& it 5 ES 991
Table 2  Analysis of variance (ANOVA) for Plackett- 051 <
Burman design results 904 ;7
BE M AN R¥RER T P 0]
i 3.207 8 0.088 84 36.11 0.001 § gg:
X1 0.5490 0.2745 0.088 84 3.09 0.091 f§ ;‘8:
x2 -14315 -0.7157 0.088 84 —8.06 0.015 201
x3 -0.0801 —0.0401  0.08884  —0.45 0.696 101
X4 -0.2043 -0.1021 0.088 84 -1.15 0.369 ]
X5 -1.0415 -0.5207 0.088 84 —5.86 0.028 1 3 To s
X6 03436 —0.1718  0.08884  —1.93 0.193 PR
X7 23965 1.1982 008884 1349 0.005 1 AR ESE
o —08795 -04397 0.088 84 495 0.038 Fig.1 Normal graph of standardization effect
xo  —04233 -02117 008884 238 0.140 WP BRI (XD, WOREE (XG) R B [A]
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Table 3
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Table 4 Design and results of CCD-RSM experiment

2.4.3  WINIE B R AR BRI E KA (]
A7 RE, FEORAF 1SRRG AE 9 O I, £ B Design-
Expert 8.0 BF&xhil Hoh 2 ASPIE 5 RAE < R 1)
=R, A5 R LE 2. BE 2 FTRVE H 28
RS E BRREEASR B[R] 3 AR PR 2 4
PR 2R 2 18] 0T 5 T 21 SR HCRE R4 HOGRmi A B X2 2%

FLo 7 i THTBEDE o DB 3K 3 AN REMA DR 2 1) A A

A Tas] X1/% X Xs/min  HEEL/(mge)) | RES  X1/% X X3/min B EL/(mgg™!)

1 38 (1) 141 9(-D 2.44 11 50(0) 10(-1.682) 12 3.20
2 62 (+1) 14 9 3.21 12 50 30 (+1.682) 12 4.60
3 38 26(+1) 9 3.82 13 50 20 6 (—1.682) 3.67
4 62 26 9 4.45 14 50 20 18 (+1.682) 432
5 38 14 15 (+1) 2.19 15 50 20 12 4.48
6 62 14 15 3.62 16 50 20 12 4.52
7 38 26 15 421 17 50 20 12 451
8 62 26 15 5.21 18 50 20 12 4.49
9 30 (-1.682) 20(0) 12(0) 3.41 19 50 20 12 4.53
10 70 (+1.682) 20 12 4.86 20 50 20 12 4.47

# 5 CCD-RSM W&t EVAER T ES

Table 5 Analysis of variance (ANOVA) for CCD-RSM experimental results
FERIE BV BB By FE P TERE EHEVHM HHE BN FHE 0 PHE
X 2.92 1 292 3432  0.0002 | FEHY 11.32 9 126 1478 <0.0001
X 5.43 1 543 63.86 <<0.000 I | JHLLI5 0.85 5 017
X 0.43 1 043 509 0.0476]| R 0.00 5 0.00
XX 0.04 1 0.04 046 05127 =ExE 12.17 19
XX 0.12 1 0.12 135 02716 #MAE 0.93
XX 0.12 1 012 135 02716 | fIERARE 0.87
X2 0.60 1 0.60 7.07 0.0239| BEHLE 0.47
X2 1.18 1 1.18 13.82  0.0040 | {5tk 12.93
X3 0.92 1 0.92 1076  0.0083
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Fig. 2 Response surface plots for effects of ethanol concentration, sample/solvent ratio, and extraction time on content of
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