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Box-Behnken response surface method and its in vitro evaluation
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Abstract: Objective To optimize the prescription process of resveratrol-Labrasol/P407 mixed micelles (Res-Labrasol/P407-MM)
by Box-Behnken response surface method. The characteristics of micelles in vitro were investigated. Methods The content of
resveratrol was determined by HPLC. Res-Labrasol/P407-MM was prepared by thin film dispersion-probe ultrasonic method. Based
on the results of single factor experiment, Box-Behnken response surface method was used to optimize the formulation, with the
dosage, hydration volume, hydration temperature as the factors, and the concentration of micelles sample and drug sedimentation rate
as the evaluation indexes. The morphology, particle size and in vitro release behavior of the micelles prepared by the optimal
formulation were evaluated. Results The optimal formulation process was as follow: the dosage of resveratrol was 28 mg, the
hydration volume was 9 mL, and the hydration temperature was 40 “C. Res-Labrasol/P407-MM prepared by the optimum
formulation had the average drug loading of (11.62 £0.20)%, and the average encapsulation efficiency of (93.96 +1.83)%. The
average particle size and Zeta potential of micelles was (69.00 £1.58) nm and (—21.25 #+0.18) mV, respectively. RSD of measured
and predicted values of sample concentration and settlement rate were less than 5.5%. Conclusion Box-Behnken response surface
method has good predictability and can be used to optimize the formulation of Res-Labrasol/P407-MM. Mixed micelles have high
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encapsulation efficiency, small particle size, uniform distribution and obvious slow release effect.

Key words: resveratrol; mixed micelles; thin film dispersion-probe ultrasonic method; Box-Behnken response surface method;

polymer; Labrasol; P407
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B SR S E, AT, AR R
o IR i % BE B IR % #2 B (uridine diphosphate
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Fig. 1 HPLC of blank micelle (A), resveratrol (B) and
Res-Labrasol/P407-MM (C)
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H w3 MK, DURHRFE M BEIRE (Yo M
2yl (Y2 J9rErdadsit4T Box-Behnken i
N7 TV SEE6 11291, Box-Behnken R56 ¥t 5 A0
SRR 1.

#F 1 Box-Behnken Mo iz [ A LI T R 455
Table 1 Design and results of Box-Behnken response
surface method

RS Xdmg  Xo/mL  Xa/C  Yo(mgmL™)  Y2/%

1 30 12 60 211 9.66
2 30 12 40 2.23 8.79
3 30 8 40 3.69 15.71
4 20 8 50 2.48 12.43
5 40 8 50 4.50 54.78
6 40 10 40 3.56 50.03
7 20 12 50 151 0.38
8 20 10 40 1.84 1.10
9 20 10 60 1.64 19.20
10 30 10 50 2.55 11.05
11 30 8 60 3.47 17.80
12 30 10 50 2.67 3.13
13 40 12 50 3.12 50.10
14 40 10 60 341 47.54
15 30 10 50 2.67 11.50

i Design-Expert 8.0.6 #ff, *f# 1 % it
1% emAM A, 53 2 WA HFE. FES5H
KEZH (R SRR HTTREMIE R HER T 5,
A5 PS5 AR B S0 S0 0 AT 45 SR T 2 ]
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X2—0.086 X3—0.10 X1X2+0.013 X1X3+0.025 XoX3+
5.003 X;2+0.27 X2—0.022 Xs2, F=140.79, R?=
0.989 0; Y,=856+21.17 X;—3.94 X,+2.36 X3+
1.84 X1X2—5.15 X1X3—0.23 XX3+18.63 X;12+2.23
X2242.28 X352, F=31.41, R?=0.951 3.
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Table 2 Variance analysis of regression model

7 EHRIR Y1 Y2 HERFE Y1 Y2

X1 <0.0001 <0.0001) X2Xs 05988 0.9184

X2 <0.0001 0.0479| X 0.9183 0.000 4
X3 0.0409 01791| X2? 0.0022 0.3619
XXz 00697 04278| X4 0.6479 0.3531
X1X3 0.7902 0.0609

FEFHIST, Xiv Xov Xav X2 X Y1 A B MR
X1~ Xon X025 Yo A 225 1520 . )5 Design-Expert
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Box-Behnken #AH & 5045 5, WIS R &
WP RIS TR 2R BN L R R A IR AR . i
it Design-Expert 8.0.6 IR AT B (22
VR R AR (R B AL 7 o 1 B P e 24 & 28 mg,
KAARRL O mL, KALIREE 40 C; FUMAE i ik
£ 291 mg/mL, VTFEZA 6.66%, HAEAN
11.58%, fuEt# K 93.54%.
2.6 &ML HIEIERLE

T2 R FR b 77 &A% 3 it Res-Labrasol/
P407-MM, 5 FARE B EIR A . B2 RO
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BIE 3, FHEAEN 11.62%. TFHEEHEN
93.96%- AR A 69.00 nm, F b iR E IR
TR 2R (1 SR 5 TR0 A 22 852 /)N, RSD 7E 5.5%
CAPY, FREBASTONME R, #l& T2RE.
2.7 Res-Labrasol/P407-MM B3R 9 F=AE
2.7.1 Kif24rHr B Res-Labrasol/P407-MM iR
5 mL, 1& 4R, KA Nano ZS90 HAL A B
SISO E R kAR . RA mEEFR % (PDD
M Zeta HA7 (& 3). Res-Labrasol/P407-MM JiX#
S35 Zeta AN (—21.25+0.18) mV, “FHkidel
(69.00+1.58) nm, PDI & 0.25+0.03. 45% %KM,
A g, FLRLAR A5
272 WMIEENEE REISIUNE 4-a, HEEH
FIRER (L) WA BF YRR ZY0T5E;
Res-Labrasol/P407-MM (A7) a] WL iaw &5 2%,
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2 BREZEIERIERAO N E E
Fig. 2 Effects of factors on response surface
®3 EMLHFHEIERE
Table 3 Three batches samples for verification of optimized formulation

BEFE A Pt o LR R (mg-mL ) UUFER 1% R4z /nm HEEI% BLERI%
1 2.94 6.20 67.23 11.68 94.50
2 2.86 6.35 70.25 11.40 91.93
3 2.97 6.87 69.53 11.79 95.46
P fE 2.92+0.06 6.4740.35 69.00+1.58 11.62+0.20 93.96+1.83
RSD/% 1.95 5.43 2.29 173 1.94

1 100 1000 10 000
Fif2/nm B4 FHARRI (o) FIESTHEEE (b) B

Fig. 4 Appearance (a) and TEM image (b) of resveratrol
micelles

20D IR L th, Yett 15 s JE I R, AR
T, TEM M, SR ILIE 4-b, #ZGRHR 2K

‘ \ : ¥, KRANE], FEEAERRE MZ-7T 450 .
-200 -100 0 100 200 T
2.8 Res-Labrasol/P407-MM {A&4MNEHT

Zeta HLAZ/mV
3 HBRRREST (2) 5 Zeta LI (b) K H B B FENT LW Res-Labrasol/P407-MM

Fig. 3 Particle size distribution (a) and Zeta potential (b) of HIARSMRETIAT 9. B 2 mL 324 R T E T
resveratrol micelles e B AN 73 BT B4 8000~12 000D, &
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_ 75
=
2 50
¥ - FAEPTHREN AT HD
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5 BESEARIMERBZ (n=23)

Fig. 5 Invitro release curves of resveratrol (n = 3)
3 e

il 28 R AUH BT VR MR B0 . LRV AR
e G-I R BT O BRAE .
JEL oy B S AR T B G A, EIIVELF, P
WHZBEMEAERE S BB AT R Sk 8 5 Ak
H, #gy L g K R IR T AR KB, K25
A, BB R BRI, 45T R 4
PR o 75 B A8 RO R 7K A R 23 BB
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Behnken Wil 5 IV AL A0S I AR 46 T 2 RE M UK Y
R, #W2E. KAWERRKIGIREE, 1931 Mm M0
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