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Optimization of a novel mucoadhesive drug deliver system with
ion-exchange resin core loaded with
berberine hydrochloride using central composite design methodology
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(1. School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China;
2. College of Pharmacy, Second Military Medical University, Shanghai 200433, China)

Abstract: A novel mucoadhesive microcapsule with drug-resin complex core loaded with berberine
hydrochloride ( BH) was developed and optimized. Drug-ion exchange resin (IER) complex was prepared
by static method which stirring IER in drug solution at certain conditions. The influences of different IERs,
different temperature, pH values and concentrations of drug solution on the drug loading were investigated.
IER complex was coated by emulsion-solvent evaporation method. The coating fluid formulation was
optimized using central composite design-response surface methodology, where the ratio between Carbopol
934 and IER (X, ), the ratio between Eudragit and IER (X, ) and the ratio between Eudragit RL and RS
(X;) were taken as independent variables. Time of cumulative release 85% (Y,) and percentage of
gastric retention (Y,) were taken as response variables. Drug loading achieved a high level and more drug
available in the condition of IER (IRP 88), 37 C, pH 5 and 1.0 mg - mL™" drug solution. When
X, =0.75, X,=0.9, X; =0.6, the time of cumulative release reached 85% at 300 min, the highest
percentage of gastric retention in the range of this experiment were procured.

Key words: ion-exchange resin; berberine hydrochloride; central composite design — response
surface methodology ; mucoadhesive microcapsule; Carbopol; Eudragit
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Table 1 Independent variables and their correspondent
values in coated and physical form

Independent Level
variable -3 -1 0 1
X 0 0.17 0.4 0.63 0.8
X, 0.2 0.37 0.6 0.83
X, 0 0.21 0.5 0.79 1

X, : Carbopol 934/ion-exchange resin (IER) ; X, : Eudragit/
IER; X, : Eudragit RL/Eudragit RS

Table 2 Experiment design table with experimentally
determined values of different dependent variables

Formulation Time of Percentage
No. X, X, X;  cumulative release of gastric
85% /min retention/ %
1 0.17 0.37 0.211 210 33
2 0.17 0.37 0.789 168 34
3 0.17 0.83 0.211 288 38
4 0.17 0.83 0.789 246 38
5 0.63 0.37 0.211 216 63
6 0.63 0.37 0.789 180 62
7 0.63 0.83 0.211 288 69
8 0.63 0.83 0.789 252 71
9 0.4 0.6 0 318 64
10 0.4 0.6 1 216 62
11 0.4 0.2 0.5 156 58
12 0.4 1 0.5 342 66
13 0 0.6 0.5 240 15
14 0.8 0.6 0.5 288 80
15 0.4 0.6 0.5 270 60
16 0.4 0.6 0.5 273 57
17 0.4 0.6 0.5 266 53
18 0.4 0.6 0.5 271 62
19 0.4 0.6 0.5 270 59
20 0.4 0.6 0.5 273 61
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Table 3 Amount of the drug loaded (Q,) and drug
availability ( E; ) of different ion-exchange resin

(IRPs)

Parameter IRP69 IRP64 IRP88
Qp/g g 0.17 0.24 1.57
Ey 0. 067 0.092 0.59
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Table 4 Amount of the drug loaded ( Q) and
balance time () of exchange at different temperatures

Parameter 10 € 25 C 37 C 45 C

Qs/g- 8" 1.42 1.57 1.58 1.61
t3/min 40 40 30 10
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Figure 1  Influence of different pH values on the

amount of the drug loaded
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Figure 2 Influence of different concentrations of drug
solution to the amount of the drug loaded and drug
availability separately. A Amount of the drug-loaded
(Q); @ Drug availability (E)
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Table S  Comparison of forecasted and true values
(n=3)
Parameter Forecasted value True value Variance/%
Y, /min 300 310 -3.3+0.38
Y, 0.80 0.77 3.8+1.39
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Figure 3 Response surfaces and contour plots of the time of cumulative release 85% (¥,) and percentage of
gastric retention (Y,) with two factors. Cp934; Carbopol 934; TER: lon-exchange resin; ERL: Eudragit RL;

ERS: Eudragit RS
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Figure 4 The dissolution release profile of drug-ion
exchange resin complexes ( DIRC) and microcapsule
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