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Optimization of Cudrania extractum tablets formulation by central
composite design-response surface methodology

WU Hai-jian' , WANG Jian-xin?*, HUANG Jian-ming' , HAN Li-mei’, HOU Ai-jun'’
(" Department of Pharmacognosy , *Department of Pharmaceutics, School of
Pharmacy, Fudan University, Shanghai 200032, China)

[Abstract] Objective To optimize the formulation of Cudrania extractum tablets by the central com-
posite design-response surface methodology. Methods In the formulation design using response sur-
face methodology plus central composite design,independent variables included the amounts of micro-
crystalline cellulose (MCC) , lactose, and the polyvinylpynolidone (PVP) content in 95% EtOH. Disin-
tegration time of tablets and dissolution of three active components in the extractum at 45 minutes were
taken as dependent variables. Multilinear and quadratic models were used to estimate the relationship
between the dependent and the independent variables,and to delineate response surface method (RSM)
and overlay contour plots in order to select the optimal formulations. Finally, predicted responses were
verified. Results The quantitative relationships between three factors and four evaluation indexes
were characterized. Optimal formulation was proposed to contain MCC 40 mg, lactose 70 mg,and 4 %
PVP. Dissolution test of the selected optimal formulation indicated that there existed high approxima-
tion between the observed and estimated values. Conclusions The muti-objective simultaneous opti-
mization of Cudrania extractum tablets formulation could be achieved by the central composite design
and response surface methodology.
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HL) 5 Agilent 1200 2 & Z0BURH (5 A3 (% [ 235
), A AE G1322A 7EZ i G1311A JUIT %,
G1316A #E VR 45 . G1315B DAD %8 4 K Ul % . HP
ChemStation B3 TAE) .
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BRI R RS & a7 EARIGE 100
0 (R AR AR B ) A MCC L UM L T A3 93 1 e fid
) PVPP. SRR G s ILAAARL AL T v B 45 70 i 4K
B3 20 HPRL, 3 40 CT4 1 hyad 20 Hifi%&
PN 0. 5 YRR BREETR 21 . A HE 300 mg, %
&SI 100 mg.,
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b EWRHEREIE  THET 45 min (7 T 40

FR#3 00 ER Z . macluraxanthone B F0 4% 4 Ol AR &9
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Tab 1 Gradient elution program of the mobile phase
Time(min) Acetonitrile(%) 0.2% H;PO, (%) Methanol (%)

0 30 40 30
30 42 28 30
35 48 15 37
50 48 15 37
2
3
| |
| v LA
A,‘vf‘l,w,kpﬂluw"‘\q‘ N A T LA bbb =

S 10 15 20 25 30 35 40 45

1 FhEIRENY F M) HPLC &if
Fig1 HPLC chromatograms of Cudrania extractum tablets
1. Cudratricusxanthone B; 2: Macluraxanthone B;

3; Cudratricusxanthone D

BEaNMBRARNGEE SiEERIRT SRR
fE F A H R LR £, macluraxanthone B A1Af## Ol i
T B P PP A CRE 1 mL S AR R LR &
50. 0 pg.macluraxanthone B 66. 0 pug FIARAR L T
80. 0 g FTR G T R A I o

Brigit MRS R B S MCCL UKL
FRTERT FLE LRSI 9 Eu 9] B 670 PVP vk



FEARE 5. R — AN A PR SR ) AL Ty

365

Xf R A R SR MR ) 2D R A R
MCC Hi (X FUBE I (X5) e PVP R BE (X)) fE
ﬁi%%%%,ﬁﬂ@uﬁﬁﬁ%ﬂﬁx 17~
68 mg; X, :34~102 mg; X; 0% ~8%.,
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Tab 2 Levels of independent variables in

codes and physical form

Codes  —1.732 -1 0 1 1.732
Xi 17 27.8 42,5 57.2 68
X> 34 48. 4 68 57.6 102
X3 0 1. 69 4 6. 31 8

45 R

PR SN ERMESE R 0 A I IBGIR 15 0 R

AR 0. 1,0.5,1.0,2.0,4.0,5.0 mL F 5 mL &
L T R 2 R A ERE 20 L RS DA E
(O X BLCA) FEATEANE [l I3, G5 WL 3.

R3 IREMEAMTERE

Tab 3 Standard curve and linearity range

Linearity
range(pg/mL)
Cudratricusxanthone B Y=121. 758 X-0.857 0.9999 1.00-50.0
Macluraxanthone B Y=99.690 X+0.005 0.9999 1.32-66.0
Cudratricusxanthone D Y'=128, 345 X +29.302 0.999 9 1.60—80.0

KWIRTTRERWER  L3L 4 PLATFATH %
MRS I R57) 0 i A B R i AT
£, SRR 20 AR T7 A5 4 BURL R IR B 3 Sl 1
PR o s B 700 I 4 BA By A R A T
I LS S YRR A R A A R AR AT B ML
HT TR AR SR B £ K HR eV L O 2k B RO E R H
(19 o 750 19 o7 gk AT S80I 5 DA 0 v G 1 RS
ATAL PRI 0] 4 9 7R D 3 oA 08 BRI e
FEAFE N R R B R B B AR

Reference Regression

standard equation

R4 THWRITRIWHER

Tab 4 Experimentally determined values of different dependent variables

Disintegration

Dissolution of Dissolution of Dissolution of

No. Xi(mg) X>(mg) X5(%) time (second) cudratricus- maclura- cudratricus-
xanthone B (%) xanthone B (%) xanthone D (%)
1 27.8 48. 4 1. 69 75 64. 70 72.36 67.99
2 57.2 48. 4 1. 69 23 88. 07 80. 44 90. 33
3 27.8 87.6 1. 69 50 92. 95 79. 29 74.28
4 57.2 87.6 1. 69 25 77.37 74. 86 70. 39
5 27.8 48. 4 6. 31 87 88. 03 83.27 78.77
6 57.2 48. 4 6. 31 48 82. 02 70. 89 64. 67
7 27.8 87.6 6. 31 77 96. 19 86. 59 79. 92
8 57.2 87.6 6. 31 33 75. 66 66. 42 60. 80
9 17 68 4 56 95. 47 90. 61 85.55
10 68 68 4 23 96. 81 97. 44 91.29
11 42.5 34 4 93 86. 03 83. 41 77. 21
12 42.5 102 4 40 91. 13 98. 31 92.13
13 42.5 68 0 97 83. 35 81. 81 76. 68
14 42.5 68 8 53 80. 59 83.13 76. 92
15 42,5 68 4 30 99. 97 97. 56 91.97
16 42.5 68 4 28 98. 44 92. 60 89. 30
17 42.5 68 4 27 99.75 93. 01 90. 80
18 42.5 68 4 32 96. 94 97. 66 92. 84
19 42.5 68 4 23 98. 00 96. 45 92. 44
20 42.5 68 4 26 97.12 95. 27 91. 87
WEYE L MCC A& FUH A PVP ik TWEH AR, Y = B, + BX, + B,X, +

JEEh A8 o s RIS TR A 3 NS WIFE 45 min B )
VSR N AR, R AT 2 oe kM Il T A1 ik 230
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B X;+ B, X, X, + B X, X, + B X: X + B,X, Xs +
By X, X5 + By X, X5

K Statistica 6. 0 GE3THCF b ) 2 T LAk (1]
JH (Multiple Regression) & I £k 4 8] I ( Nonlinear
Estimation) #47. 4558 UTF .
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Tab 5 Parameter and r value of each regression equation

Dissolution of

Dissolution of Dissolution of

Para- Disintegration time cudratricusxanthone B macluraxanthone B cudratricusxanthone D

meter
o Estimate p-level Estimate p-level Estimate p-level Estimate p-level
By 329. 828 7 0. 007 4 —94.694 3 0.0115 —47.740 8 0.372 3 —67.456 8 0.179 7
By —2.5629 0.280 8 2.7252 0.002 9 2.153 0 0.094 4 2.833 3 0.023 9
B> -4.9225 0.019 9 2.801 7 0. 000 5 1. 862 7 0.071 2 1.982 1 0.040 8
Bs —20.183 1 0.153 1 18.614 6 0.001 0 16. 226 5 0.037 4 15.854 3 0.028 3
By 0.011 2 0.571 6 =0.008 5 0.1829 =0.0130 0.218 3 -0.0135 0.165 3
Bs 0.029 6 0. 020 1 =0.0113 0. 006 9 =0.0100 0.101 0 =0.0109 0. 058 6
Be 2.671 0 0. 006 2 -1.2318 0. 000 4 -1.2515 0.010 9 -1.277 3 0. 005 9
By 0.009 5 0. 645 4 —0.0232 0.004 1 —0.008 8 0.418 2 -0.0138 0.179 5
Bg =0.0221 0.899 6 -0.126 3 0.038 8 -0.1333 0.162 9 =0.191 9 0. 039 2
By =0.0055 0. 966 4 -0.126 3 0. 300 6 —0.006 9 0.918 7 0.028 9 0. 644 2
r 0.883 0 0.923 6 0.787 3 0.8415

PRI A 5 Rk 2 T U A R 45 R Al Al
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B 50

114 BRER SR S B o e — > A O A% 4
PR A R AT, MCC X6 o A B [ T 3
AAEE P L B e A LB T A PVP R R

/I LB MCC TR 4 A PR 45532 i /I i X
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Fig 2 Different indexes as functions of amount of lactose (X, ) and PVP concentration (X;)

A Disintegration time;B: Dissolution of cudratricusxanthone Bj

C:Dissolution of macluraxanthone B;D: Dissolution of cudratricusxanthone D
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Fig 3 Overlay contour plots of the optimized formulation of
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Cudrania extractum tablets based on quadratic models
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Tab 6 Comparison of the observed and predicted

values of dependent variables
Predicted Observed

Dependent

. Bias (%)
variables response response
Disintegration time(s) 29,22 30. 67 -4.9
Dissolution of
. 98. 02. - 3.
cudratricusxanthone B (%) U8. 86 102.6 8
Dissolution of
95.9 95. 80 0.1
macluraxanthone B (%) 59 58 >
Dissolution of 91. 34 92, 87 17
cudratricusxanthone D (%) B i )
N 75
wf e

MR AR D A GE ) 25 FA A S AR R SURT A
IT BRI R e R LAR B Sy A 280G 1 £
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BAE K T R R AN s LSRR T 2o 2. 0
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I
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