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Abstract; In order to develop a new method for preparing chitosan — sodium alginate drug — loaded microspheres,
the D — phase emulsification method, combined with microemulsion and colloid preparation method was used in this
study. Single — factor tests were used to investigate the effects of calcium chloride concentration, sodium alginate
concentration, chitosan concentration and gel — forming time on the performance of microcapsules taking berberine
sulfate as a model drug, and the drug encapsulation efficiency as evaluation index. The preparation process of drug

— loaded microspheres was optimized by response surface methodology. The results showed that among the factors of
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microsphere preparation, sodium alginate concentration and calcium chloride concentration had the greatest

influence on the evaluation index, followed by chitosan concentration and gel — forming time of microspheres. The

optimized drug — loaded microsphere preparation process was sodium alginate concentration of 1.57% , calcium

chloride concentration of 2. 13% , chitosan concentration of 0. 8% and gel — forming time of 30.71 min. The

average particle diameter of the prepared microspheres was 329 nm, and the drug encapsulation efficiency was

94.09% . The verification experiment confirmed that the application of the test process can prepare excellent

berberine sulfate chitosan — sodium alginate microspheres, and the preparation process is simple and the production

efficiency is high. The technology provided a basis for the industrial production of microsphere preparations.
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Tab 1 The factors and levels for Box — Behnken design

S T DR B R 1/ %% FERNEWR L % AR L/ % T YCERIE I 1]/ min
-1 1.25 0.7 1.75 25
0 1.5 0.8 2 30
1 1.75 0.9 2.25 35
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Tab 2 Response surface methodology design scheme

R e EBERR TR I/ % FERMEAR /% AL % FIUEEIE I 1] /min LR/ %
: 0 ! I 0 94.03
2 0 -1 0 -1 76.41
: -1 0 0 1 76.35
! : -1 0 0 81.45
: 0 -1 0 1 70.29
0 0 -1 -1 0 82.72
! -1 0 -1 0 69.70
s 0 0 1 1 77.54
’ 0 0 0 0 91.96
10 0 -1 1 0 74.79
! 0 ! 0 1 85.17
2 0 ! -1 0 72.25
B 0 0 0 0 93.54
1 : 0 -1 0 85.75
" ! 0 0 -1 82.82
10 -1 ! 0 0 77.33
v 0 0 0 0 92.78
8 0 1 0 -1 83.40
" 0 0 0 0 93.89
20 ! ! 0 0 83.99
2 0 0 0 0 89. 40
2 -1 0 1 0 84.57
» ! 0 1 0 89.08
* - 0 0 -1 75.77
» 0 0 -1 1 72.84
% ! 0 0 1 88. 10
o -1 -1 0 0 74.81
2 0 0 -1 -1 73.81

> 0 0 1 -1 75.96
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Fig1 Standard curve of Berberine Sulfate
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Fig 2 Effect of the sodium alginate concentration on

encapsulation efficiency of microspheres
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Fig 3 Effect of the calcium chloride concentration on

encapsulation efficiency of microspheres
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Fig 4 Effect of the gel — forming time on

encapsulation efficiency of microspheres
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*\i :; 4.48X,, - 6.12X,, —6.57X,, — 8.39X,,, [0l & %L
D 75 R* =0. 9059, [l 55 F 5 SC BRS04 B R4,
Z;’ : Ty R S RAGHAT F R, 3R 3 T X

60 — R . X, Xy Wt BN E X, 5 X W58 BAR N S (P
o Ogﬁé;ﬁim/m S <0.01), BEAERLIEYRALIIN Pr > F {Eh 0. 0834, K
F0.05 BRI AUTHA i3 (P >0.05) , Ui W L7
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Fig 5 Effect of the chitosan concentration on

PRSI,

encapsulation efficiency of microspheres

®3 EAFBRFESWER

Tab 3 Variance analysis of regression equation

P S5 B ¥ F{E Pr>F fi
i 1477.74 14 105.55 9.63 <0.0001
X, 231.09 1 231.09 21.07 0.0004
X, 106. 21 1 106. 21 9.69 0.0076
X 126.10 1 126.10 11.50 0.0044
X, 0.37 1 0.37 0.034 0. 8560
X, X, 1. 000E - 004 1 1. 000E — 004 9. 119E - 006 0.9976
X, X, 33.29 1 33.29 3.04 0.1033
X, X, 5.52 1 5.52 0.50 0.4896
X, X, 220.67 1 220.67 20.12 0.0005
X,X, 15.56 1 15.56 1.42 0.2533
X;X, 1.63 1 1.63 0.15 0.7060
X,y 130.23 1 130.23 11.88 0.0039
Xy 242.61 1 242.61 22.12 0.0003
X3, 279.63 1 279.63 25.50 0.0002

X, 456.41 1 456.61 41.62 <0.0001
i 153.52 14 10.97
SRADAR 5 140.70 10 14.07 4.39 0.0834
gl 12.82 4 3.21
M 1631.27 28

TE:Pr>F /T 0.05 , RUIBIEE 28 N 3AT R0 Pr> F (/DT 0. 01, R WIRERN B 22 IR 37 1 W 355
Notes: the value of Pr > F less than 0. 05 indicates that the model or inspection factors have a significant influence; the value of Pr > F less than 0. 01

indicates that the impact of the model or inspection factors is extremely significant.
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Fig 6 Response surface and contour plots for the effect between calcium chloride concentration and chitosan concentration
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Fig 7 Response surface and contour plots for the effect between sodium alginate concentration and gel — forming time
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Fig 8 Morphology of microspheres
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Fig 9 Distribution of particle sizes of microspheres
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