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Abstract

The objectives were to investigate the effects of formulation variables on the
encapsulation efficiency of drug and to optimize the formulation of chitosan
nanoparticles loaded with ellagic acid for encapsulation efficiency using response
surface methodology. Chitosan nanoparticles were prepared by ionic gelation
method using sodium tripolyphosphate as a gelating agent. A central composite
design was used to evaluate and optimize the effect of preparation variables, drug
concentration (A), chitosan concentration (B), TPP concentration (C) on
encapsulation efficiency (R). The suitability of the proposed quadratic model was
proved with high correlation coefficient (R* = 0.9993), indicating the success of
RSM in optimization of operating parameters in the prediction of encapsulation
efficiency. The adequate precision is 83.136, which indicates an adequate signal,
hence this model could be used to navigate the response surface design space. The
optimized experimental variables for encapsulation efficiency determined in this
study were found as ellagic acid (0.3 mg/ml), chitosan (3 mg/ml) and TPP (0.05
mg/ml) concentrations. The TPP concentration was the most influential factor that
affected on drug encapsulation efficiency.
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1. Introduction

Chitosan is a natural cationic polysaccharide derived from chitin, which is a
copolymer of glucosamine and N-acetyl glucosamine unites, and is the second most
abundant biopolymer next to cellulose [1]. It has been extensively studied in the
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pharmaceutical industry as a carrier for drugs owing to its biocompatibility and
biodegradability [2]. It can form a gel matrix with counter-ions such as sodium
tripolyphosphate (TPP) [3]. TPP is a non-toxice and multivalent anion. It can form
either inter- or intramolecular links between positively charged amino groups of
chitosan and negatively charged counter-ion of TPP [4].

RSM is a useful statistical technique for formulation process optimization, which is
accomplished by studying the mutual interactions among the variables over a range of
values in a statistically valid manner [5]. In the study, we applied ionotropic gelation
technique for the preparation of ellagic acid loaded chitosan nanoparticles.

The objectives were to investigate the effects of formulation variables on the
encapsulation efficiency of drug from chitosan nanoparticles loaded with ellagic acid
using RSM.

2. Materials and methods
2.1. Materials

Chitosan was purchased from Sigma Aldrich (St Louis, MO, USA). Ellagic acid
was purchased merck and all other chemicals used were of analytical grade.

2.2. Methods
2.2.1. Experimental design
Response surface methodology was used for optimizing chitosan nanoparticles and
investigating the correlation between responses and factors. This study aim to
maximizing encapsulation. Central Composite Design was employed to evaluate the
effects of TPP, chitosan and ellagic acid concentrations on encapsulation efficiency.
Ellagic acid concentration (A), chitosan concentration (B) and TPP concentration (C)
are the independent variables. Their concentration ranges, presented in Table 1 with
low, medium and high levels, were selected on the basic of preliminary experiments in
developing the nanoparticles. Encapsulation efficiency (R) was the dependent variable.

Table 1: Variables in central composite design for ellagic acid - chitosan nanoparticles

Factor Actual and coded levels used for the nanoparticles
Low (-1) Medium (0) High (+1)
A = Ellagic acid concentration (mg/ml) 0.3 0.4 0.5
B = Chitosan concentration (mg/ml) 3 4 5
C = Tripolyphosphate concentration 0.03 0.04 0.05
(mg/ml)
2
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2.2.2. Optimization, data analysis, and validation of the applied model

ANOVA was used for the statistical validation of the polynomial equations created
by Design Expert® [6] . the response was fitted to second order, and quadratic model
then evaluated in terms of statistical significance of coefficients and squqgred values.
Different possibilities were tried to find out the constituents for the optimized
nanoparticles. The checkpoint (optimized) formulations were formulated and
characterized for the selected responses. The observed response values were compared
with the predicted values and prediction errors (%) were calculated.

2.2.3. Formulation of ellagic acid chitosan nanoparticles

Chitosan nanoparticles were prepared based on the ionotropic gelation between
chitosan and sodium tripolyphosphate. Briefly, chitosan was dissolved in 1% (v/v)
acetic acid to obtain the chitosan solution with different concentrations. Ellagic acid
(dissolved in 0.5% (v/iv) DMSO) was then added to the freshly prepared chitosan
dispersion and stirred for 1 h. TPP was dissolved in water with different concentrations.
Under magnetic stirring at room temperature, 1 ml of tripolyphosphate solution was
added into 25 ml of chitosan solution. The mixture was stirred for 20 min, then treated
with sonication at 320 W for 450 second. The suspension was subsequently centrifuged
at 11,000 rpm for 10 min. The pellets were collected and freeze dried and stored at 4°C
for further use. The amount of ellagic acid was calculated by measuring the absorbance
value at 390 nm. The quantity of loaded ellagic acid was calculated by using the
following relationship:

DrugTotaI - DruQTotal
% EE = x 100

B A L DrUgTotaI
Where EE is encapsulation efficiency.

3. Results and Discussions

In the present study we have chosen a lipophilic drug, to encapsulate into chitosan-
TPP nanoparticles as a model drug, and evaluated the encacsulation efficiency. Our
results have given indications that the developed nanoparticles by ionic gelation method
using central composite design © software for optimization would be fruitful for
successful encapsulation of many therapeutic agent for several drug delivery systems.
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3.1. Fitting of data in to the selectd model

A direct correlation was observed between ellagic acid concentration and
encapsulation efficiency. At 4 mg/ml chitosan concentration, encapsulation efficiency
ranged from 94.16 to 96.20 depending upon the ellagic acid (0.2 mg/ml to 0.6 mg/ml).
At the same concentration of chitosan, the variation in encapsulation efficiency were
found in the range 93.67 to 96.55, depending upon the TPP concentration. On fitting the
observed response variables in different models, the quadratic model was found to be
the best-fitted model for encapsulation efficiency. ANOVA results for the model R was
shown in Table 2. The regression model was significant (P < 0.0001), whereas lack of
fit was not significant.

Tabale 2: ANOVA results of quadratic model for encapsulation efficiency
Response P-Value R® Adj R? Pred R? Adeq Precision
R 0.0001 0.9993 0.9980 0.8836 83.136

3.1.1. Interaction effects of factor on the responses

These interaction effects of the two factors by keeping another factor as constant can
be observed in fig.1. the factors A (Ellagic acid) and C (TPP) have a positive impact on
the response R, While factor B was affected negatively. For response R (encapsulation
efficiency) the model F-values of 761.67 observated.

3.1.2. Validation of the applied model

For the graphical optimization of EA-chitosan-NPs, a three dimensional (3D)
response surface plots were obtained by the used software, which was fruitful to
determine the interaction effects of independent variables on dependent variables. The
3D plots display the influences of two factors on a particular response, and the third
factor remained constant. Influence of TPP, chitosan and ellagic acid concentrations on
encapsulation of EA-chitosan-NPs are represented graphically in Fig. 1. Upon through
understanding and evaluation of responses, one chitosan-nanoparticle, were found to
have the criteria of optimized formulations. The adequate precision measures the signal
to noise ratio, and a ratio graeter than 4 is desirable. Here the ratio of 83.136 indicates
an adequate signal, hence this model could be used to navigate the response surface
design space.
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Fig 1: Response surface plots for the graphical optimization of chitosan-NPs
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Figure 1 is the response surface plots, which shows the effect of the ellagic acid (A),
chitosan (B) and TPP concentrations (C) on the encapsulation efficiency (R). As
expected from the estimated RSM, the Y increased as A and C increased. Chitosan
concentration had negative impact and ellagic acid concentration had a positive impact
on the encapsulation efficiency. The TPP concentration was the most influential factor
that affected on drug encapsulation efficiency.

4. conclusions

In this study the chitosan encapsulation efficiency, using an experimental design
methodology was studied. The central composite design based on response surface
methodology was successfully used to model and predict the effects of ellagic acid,
chitosan and TPP concentrations on response factor. The suitability of the proposed
quadratic model was proved with high correlation coefficients (R* = 0.9993), indicating
the success of RSM in optimization of operating parameters in the prediction of
encapsulation efficiency. The optimized experimental variables for encapsulation
efficiency determined in this study were found as ellagic acid (0.3 mg/ml), chitosan (3
mg/ml) and TPP (0.05 mg/ml) concentrations.
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