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Abstract
In the present  paper the Authors analyse the experimental results of a model drug (ibuprofen) 
release approximated with three commonly used semi-empirical models: Korsmeyer-Peppas, first 
order kinetics and Gallagher-Corrigan equation. Drug carriers in the form of films composed 
of chitosan matrix and polylactide microparticles were produced by ultrasonic emulsification 
with solvent evaporation followed by film casting technique. Additionally, polylactide shield 
layers (5µm thick) were attached to both sides of obtained films by means of spray-coating 
process. A microscopic analysis confirmed the uniform distribution of polylactide microparticles 
(diameter: 1-2 µm) within chitosan films. Based on the of microscopic study, molecular drug 
dispersion within composite matrices was found. Fraction of ibuprofen released into medium 
of pH equal to 1.4 or 7.2 (GI tract) was measured by means of UV-VIS spectrophotometry.  
The finest approximation was obtained by fitting two-stage release model derived by  
K. M. Gallagher and O. I. Corrigan to the release data. Analysis of model parameters led to 
the conclusion that the increase of composite films thickness as well as weight fraction of PLA 
microparticles within films prolong drug release.
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1. Introduction
 An ideal kinetic profile of drug release from a prolonged release carrier is a zero-
order curve. The constant amount of an active substance dosed within time unit provides the 
drug presence at a therapeutic level in human body during the long time period. Most often 
however, pharmaceutics referred to as controlled release systems (CRS) and composed fo 
biodegradable polymeric matrix enclosing therapeutic agent reveal a complex heterogenous 
release profile. The initial stage, so called ‘the burst effect’, is a rapid dissolution of part of 
drug which is not protected effectively by a carrier. The following stage is a slow release of 
drug fraction enclosed in matrix, induced by a polymer hydrolytic degradation.

 In the literature, plenty of theoretical or empirical release models are described 
[1, 2]. Korsmeyer-Peppas, first order kinetics and Gallagher-Corrigan [3] models have been 
chosen to describe the ibuprofen (IBU) release from polylactide microspheres (mPLA) in-
corporated in chitosan (CS) films. In table 1 mathematical formulas as well as definitions of 
model parameters are presented.

 In the paper, correlation of kinetic curves described by the models presented in 
Table 1 with the ibuprofen release data into medium of different pH (1.4 and 7.2) are dis-
cussed. On the basis of the best fitted model parameters values, the dependence of polymer 
weight ratio within the matrix (CS:PLA) as well as film thickness on the IBU release rate 
was described.

Table 1. Characteristics of selected semi-empirical kinetic models.

Model Equation Parameters definition

Korsmeyer-Peppas
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ft – fraction of drug released in t time;
ftmax – maximum fraction of drug released 

during process;
fB – fraction of drug released during 1st 

stage – the burst effect;
k1 – the first order kinetic constant [h-1] (1st 

stage of release);
k2 – the kinetic constant for 2nd stage of 

release process–matrix degradation;
t2max – time to max. drug release rate [h];
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2. Materials and methods
2.1. Materials
 Composite polymeric films were prepared from chitosan (CS) powder of mo-
lecular weight Mw = 4.5∙105 and deacetylation degree equal to DD = 73.3%, produced by 
the Sea Fisheries Institute in Gdynia and polylactide (PLA) granulate of glass transition at  
Tg = 57 °C, purchased from NatureWorks LLC (USA).

 An ibuprofen (IBU), RS-2-(-4-isobuthyl-phenyl)-propionic acid of the molecular 
mass 206.28 g/mol, provided by Cardinal Pharma Trade Ltd. (Lodz), was used as a model 
therapeutic substance.

 Ethyl acetate and 1% acetic acid were solvents of polylactide and chitosan, respec-
tively. Nonionic copolymer, Pluronic F-68, was used as a surfactant in an emulsification 
process.

2.2. Drug loaded PLA microparticles in chitosan solution preparation 
 The first step of preparation of complex matrices composed of drug loaded poly-
lactide microparticles incorporated in chitosan films, was ultrasonic (O/W) emulsification 
combined with solvent evaporation [4]. The schematic representation of this technique is 
shown at Figure 1.

 The organic phase of emulsion constituted 10 cm3 of PLA solution in ethyl acetate 
(1%, 2.5% or 5% w/v). Constant amount of model drug (IBU) was additionally dissolved in 
organic solutions prior to the emulsification stage.

 The  polylactide solution with ibuprofen was added dropwise to 40 cm3 of 1% 
chitosan in 1% acetic acid solution (aqueous phase). Emulsification was conducted for ap-
proximately 7 minutes by means of sonication with Bandelin HD 2070 ultrasound probe 
(20 kHz) at a presence of Pluronic F-68 surfactant.

 Stable emulsion was mixed together with an additional volume of 1% chitosan 
in 1% acetic acid to induce diffusion of ethyl acetate from dispersed organic droplets into 

Figure 1. Preparation of PLA microparticles (mPLA) in chitosan solution (see text) [5].
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continuous aqueous phase. Additionaly, evaporation of organic solvent occured at the tem-
perature of 50 °C for 6 hrs. This led to the precipitation of IBU encapsulating polylactide 
microparticles (mPLA) surrounded by CS molecules in colloidal liquid.

2.3. Composite films preparation
 The appropriate volumes of mPLA-IBU/CS colloidal liquid were poured onto a 
glass plate located on a heater. Evaporation of acetic acid at 50 °C resulted in formula-
tion of composite polylactide-chitosan films with encapsulated ibuprofen. Depending on 
polylacide concentration in initial organic emulsion phase, films of different polymers ratio 
(CS:PLA equal to 9.6, 3.8 or 1.9) were obtained. Moreover, as two different mPLA-IBU/CS 
colloid volumes were poured onto glass plate, films of various thickness: 45 µm and 90 µm 
were obtained.

2.4. Additional polylactide layer spray-coating
  Spray-coating technique was applied to attach the additional shield PLA layers 
(5 µm thick) to both sides of prepared composite films. The aim of this process was to inten-
sify the effect of prolonged release of model drug.

2.5. Drug release process methodics
 Ibuprofen release process from previously dried and weighten samples was con-
ducted at 37 °C in 50 cm3 of gently mixed medium of pH equal to 1.4 (0.1 M HCl) or 7.2 
(phosphate buffer). At the definite time intervals, samples of dissolution medium (3 cm3) 
were collected and analysed by means of UV-Vis spectrophotometry in Jasco V-630 ap-
paratus. Concentration of drug released from composite matrix at a characteristic pH was 
calculated from the height of ibuprofen specific peak (~220 nm) in UV spectra. Model drug 
release process was carried out during  30 hrs.

3. Results and discussion
3.1. Microscopic analysis
 Morphology of an examplary mPLA-IBU/CS film, before and after the drug re-
lease process at pH=1.4, is shown in Figure 2.

 It may be observed that polylactide microparticles (dark points at Figure 2.A) are 
uniformly distributed throughout chitosan matrix (bright field at Figure 2.A) and they dis-
play no tendency to form aggregates. Electrostatic attractions occur between mPLA struc-
tures, which reveal negative surface charge [6] and cationic (in acidic solutions) chitosan 
macromolecules. This leads to chitosan accumulation  on the surface of individual PLA 
microparticles, thus preventing from their coagulation..

 Moreover, since no model drug crystals are distinguishable at microphotographs, 
ibuprofen is obviously dispersed in polymer film in a molecular form. Due to an exellent 
IBU solubility in ethyl acetate and its poor solubility in acidic aqueous solutions [7], most 
of drug particles should be present in mPLA structures.
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 After 30 hours of drug release into medium simulating pH of a stomach (pH = 1.4), 
a composite film underwent partial hydrolytic degradation accompanied by release of some 
amount of mPLA into liquid (Figure 2.B). Essentially, film erosion is the consequence of 
good chitosan solubility in aqueous acidic solutions, whereas incomplete composite film de-
composition within 30 hrs may be attributed to interactions between polymers in the matrix 
enhancing the film stability.

3.2. Analysis of model drug release kinetics
 The kinetic results of ibuprofen release process are presented as as a function of 
IBU released ft in time t (ft = Ct/C0, where: Ct  – concentration of drug released in t time in 
mg/cm3, C0 – maximum drug concentration obtained during the release process in mg/cm3).

 Experimental points were next approximated with Korsmeyer-Peppas, first order 
kinetics and Gallagher-Corrigan models. In each case, maximum drug concentration in re-
lease medium Ct = C0 (ft = 1) was achieved within 8 hours. Thus the scope of approximation 
was limited to the values of time in the range of (0 – 8 h).

3.3. Experimental results approximation
 Correlation coefficient R2 was chosen to define the approximation accuracy of an 
individual model. Acceptable correlation was achieved when R2 values were equal to 0.970 
or higher: <0.970 - 1>.

 Exemplary ibuprofen release kinetics from mPLA-IBU/CS 45 µm thick films into 
pH = 1.4 is depicted in Figure 3 see page 122. Composites were characterized by  a different  
polymer ratio in the matrix (CS:PLA = 9.6, 3.8, 1.9). All films were covered with additional 
PLA layers, as mentioned before.

 Experimental data were firstly approximated with Korsmeyer-Peppas model (Fig 
3.A) and first order kinetics curve (Fig.3.B).

Figure 2. Microphotographs of mPLA-IBU/CS film: A) before and B) after 30 hrs of IBU release 
into medium of pH = 1.4.

100µm100µm100µm100µm 100µm100µm100µm100µmA) B)



Progress on Chemistry and Application of Chitin and Its ..., Volume XV, 2010122

J. Balcerzak, M. Mucha

 The values of correlation coefficient of Korsmeyer-Peppas model for the obtained 
release data were no greater than 0.966 in each film. Moreover, for process conducted in 
pH = 7.2, R2 ranged from 0.686 up to 0.883. As mentioned in Table 1, release exponent n 
of Korsmeyer-Peppas kinetic model describes drug release mechanism. Depending on its 
value, release process can be driven by Fickian diffusion (n equal to 0.5), polymeric matrix 
erosion or the combination of both mechanisms. However, since Korsmeyer-Peppas curves 
do not fit sufficiently to the  release data, it is impossible to elucidate the mechanism of IBU 
release from the obtained composite films on the basis of this model.

 As to approximation of experimental results with the first order kinetics model, 
correlation coefficient ranged from 0.789 to 0.999. This model fits well to data of an ibupro-
fen release into pH = 7.2 (data not shown). First order kinetics equation describes dissolu-
tion of drug which is not effectively enclosed in polymeric matrix and is ready to dissolve 
from carrier surface. This rapid process occuring right after dipping a sample into release 
medium is called ‘the burst effect’. A correlation of first order kinetics curves to data of 
IBU release to acidic medium (pH = 1.4) is not satisfactory, therefore this model does not 
determines release process in case of low pH.

 Since first order kinetics model occured to be not universal for the system un-
der consideration, Authors undertook an approximation of experimental data with another 
model, derived by Gallagher and Corrigan. Kinetic profile described by Gallagher-Corrigan 
equation (see Table 1) comprises the initial ‘burst effect’ of a drug non-bound to the drug 
matrix and following slow release determined by the matrix erosion.

 Result of approximation of Gallagher-Corrigan model to ibuprofen release data 
obtained for all release systems are shown in Figure 4.

 One can observe that for both discussed pH values the model approximates the 
experimental points very well (R2 = 0.975 – 0.999). Values of Gallagher-Corrigan model 
parameters, are summarised in Tables 2 - 4, for their more precise analysis.

Figure 3. IBU release data from 45 µm thick films layers into pH = 1.4 approximated with:
A) Korsmeyer-Pepppas model; B) first order kinetics model.

A) B)
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Figure 4. IBU release data from composite films, approximated with Gallagher-Corrigan model:
A) 45 µm thick, pH = 1.4; B) 90 µm thick, pH = 1.4; C) 45 µm thick, pH = 7.2; D) 90 µm thick, 
pH = 7.2.

Table 2. Analysis of Gallagher-Corrigan model parameters values for composite films 
(CS:PLA = 9.6).

Sample pH fB k1, h-1 ftmax k2 t2max R2

 film 45 µm 1.4 0.83 8.83 0.97 1.00 2.0 0.997

 film 90 µm 1.4 0.83 4.71 0.95 2.99 2.2 0.975

 film 45 µm 7.2 0.93 46.4 0.95 0.94 2.3 0.999

 film 90 µm 7.2 0.92 34.9 0.95 1.30 35.2 0.996

 The rate constant of initial stage of IBU release (k1) decreases with an increase 
of film thickness for mPLA-IBU/CS composite films of equal CS:PLA ratio: 9.6 (Table 2), 
3.8 (Table 3) and 1.9 (Table 4. Moreover, on the basis of k1 values analysis, it may  also 
be concluded that the model drug release to pH 7.2 is much faster than for acidic medium. 
Furthermore, the higher mPLA content in composite film is, the lower values k1 reveals. De-
spite there are excepitions from this last rule, undobtedly an increase of PLA microparticles 
fraction in matrix has a positive effect on drug release prolongation.
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Table 3. Analysis of Gallagher-Corrigan model parameters values for composite films 
(CS:PLA=3.8).

Sample pH fB k1, h-1 ftmax k2 t2max R2

 film 45 µm 1.4 0.53 9.88 0.95 0.82 3.0 0.978

 film 90 µm 1.4 0.71 3.64 0.85 1.45 3.2 0.994

 film 45 µm 7.2 0.92 31.0 0.97 2.54 0.8 0.999

 film 90 µm 7.2 0.91 6.69 0.96 1.98 1.7 0.999

Table 4. Analysis of Gallagher-Corrigan model parameters values for composite films 
(CS:PLA = 1.9).

Sample pH fB k1, h-1 ftmax k2 t2max R2

 film 45 µm 1.4 0.65 8.27 0.99 1.00 3.7 0.992

 film 90 µm 1.4 0.83 1.24 1.00 7.72 3.0 0.993

 film 45 µm 7.2 0.86 26.5 0.96 1.37 1.4 0.998

 film 90 µm 7.2 0.76 7.15 0.93 3.48 0.8 0.996

 Interpretation of the second release stage rate constant values (k2) is more prob-
lematic. The only observation is that the increase of film thickness from 45 µm to 90 µm 
increases the rate of IBU release at this stage.

 Discussion of fB values leads to conclusion that the greater relative quantity of ibu-
profen released during initial ‘burst’ stage was obtained for process conducted in pH = 7.2, 
except for 90 µm thick film with the highest mPLA content. On the other hand, the time to 
maximum drug release rate (t2max) during matrix erosion process is inversely proportional 
to pH.

4. Conclusions
 On the basis of experimental data analysis, one can conclude that an ibuprofen 
release into pH equal to 7.2 (Figure 4.C, 4.D) is much faster than in the case of release into 
acidic pH (Figure 4.A, 4.B). Maximum concentration of drug released was obtained within 
1 h ad 4 - 6 h for pH = 7.2 and pH = 1.4, respectively. This can be explained by very poor 
IBU solubility in low pH and, on the other hand, an increase of PLA swelling degree with 
increasing pH [8]. Despite this, for both analysed release liquids, an increase of mPLA frac-
tion in composite films, as well as, increase of carrier thickness (from 45 µm to 90 µm) have 
positive effect on prolongation of IBU release.

 It has occured, that Gallagher-Corrigan release model fits well to obtained data. 
Discussion of this model parameters values (especially k1 rate constant values), confirms 
dependence of film thickness and mPLA content on drug release profile.
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