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ABSTRACT 

Piroxicam is a non-steroidal anti-inflammatory drug (NSAID) exhibiting analgesic and antipiretic properties and widely 
used in the management of chronic diseases. Associated with these use, there are registers of adverse reactions. Mi- 
croparticle formulations in hydrogel matrix can be used to form a semi-permeable barrier which enables their actions 
and can reduce the effects. This work presents a study on the effect of gelatin/carboxymethyl cellulose (Gel/CMC) 
semi-IPN matrix composition on the retention and kinetic behavior of releasing this drug. The microparticles were ob- 
tained through the emulsion-crosslinking method using 23 factorial planning and the piroxicam was added as solid par- 
ticles. In order to characterize the interaction between matrix-active agent and quantification of the drug, the following 
techniques were applied: SEM, DSC and XRD. SEM micrographs revealed microparticles with regular and spherical 
shape and that in some compositions the drug is partially absorbed and not encapsulated. Beyond that DSC and XRD 
analyses indicate that the piroxicam remained in the matrixes, maintains the same crystalline form. The factorial plan-
ning analysis indicated that matrix obtained a maximum encapsulation efficiency (EE%) of 10.64% and became possi-
ble to create a response surface graph using a EE% as answer. In addition to this, release kinetics analyses demonstrated 
that the release process seems to be governed by distinctly kinetic models, considering the composition of the sample. 
In some samples the release can be driven by Fickinianan diffusion, others by anomalous transport or swelling. 
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1. Introduction 

Microencapsulation is a widely applied process in the 
pharmaceutical field with various objectives, which in- 
clude: development of means of controlled release, at- 
tainment of gastro-resistant microparticles, development 
of means of intrapulmonary and intra-articular release, 
reduction in gastrointestinal toxicity, increased dissolu- 
tion and the bioavailability of drugs, among others [1,2]. 
One very interesting drug in relation to reducing the to- 
xicity is piroxicam, a drug commonly used to relieve the 
symptoms of rheumatoid arthritis, osteoarthritis, post- 
operative pain and which also acts as an analgesic, es- 
pecially when there is an inflammatory component. 
However, this drug causes gastro-intestinal irritations as 
shown by the numerous complaints from users of this  

drug, mainly when performing long term treatment dur- 
ing which gastritis occurs, often developing into an ulcer 
or something even more serious [3]. Thus, encapsulating 
drugs such as piroxicam is a simple strategy that can re- 
duce these problems. Some polymers present these cha- 
racteristics, for example, bioabsorbent polyesters and 
some polysaccharides in the form of hydrogels [4]. One 
of the ways of obtaining hydrogel microspheres with 
such characteristics is through semi-IPN systems (semi- 
interpenetrating polymer network) or IPN. The first sys- 
tem is characterized by a combination of a polymer in 
cross-linked form and the second in linear form. The IPN 
hydrogels are formed by a combination of two different 
polymers and both are cross-linked. The interest in hy- 
drogels is due to their characteristics such as biocompa- 
tibility and non-toxicity, making them potential candi- 
dates for application in the medical and pharmaceutical  *Corresponding author. 

http://pt.wikipedia.org/wiki/Osteoartrite
http://pt.wikipedia.org/wiki/Analg%C3%A9sico
http://pt.wikipedia.org/wiki/Inflama%C3%A7%C3%A3o
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fields, mainly in the preparation of orally administered 
pharmaceuticals. Gelatin, sodium alginate and some cel- 
lulose hydrosoluble derivatives can be used as bioabsor- 
bablematrixes for releasing drugs into these systems [5- 
11]. Also, this drug can be taken by other routes, such as 
intra-articular administration, where a biodegradable mi- 
croparticulate system is advantageous. The incorporation 
of piroxicam in microspheres offers a means not only to 
control the drug release by oral route, but also by paren- 
teral route. Proposals for encapsulating piroxicam were 
found in recent literature, [12-14], which expressed the 
importance of seeking alternatives for maintaining this 
drug in use and the differential nature of this study to 
propose the application of hydrogels. In order to study 
the release of a drug from the matrix it is necessary to 
identify the type of mechanism that governs this process 
and among the most important are diffusion, swelling 
and erosion [15]. In the case of hydrogel systems, the re- 
lease models are classified as: controlled by diffusion, 
swelling or chemically controlled. The first is widely ap- 
plied and describes the release of the drug based on 
Fick’s Laws; the second is assumed when diffusion is 
faster than swelling and in this model it is necessary to 
involve moving boundary conditions since the swelling is 
associated with an increase in particle size. The classifi- 
cation chemically controlled release is given to cases in 
which release occurs due to reactions inside the matrix. 
Mathematical models are used as a tool for both classi- 
fying as well as providing a deeper understanding of the 
release of drugs, which according to [16] can be classi- 
fied as mechanistic realistic or empirical/semi-empirical 
theories. The last one is easy to apply and, as a mathe- 
matical analysis, can be used to compare different release 
profiles. However, for its application it is extremely im- 
portant to delimit the conditions under which the release 
process occurs. In this sense, the aim of this work was to 
study the effect of the gelatin/carboxymethyl cellulose 
(Gel/CMC) as semi-IPN matrix composition on encap- 
sulation and on the kinetic behavior of releasing the pi- 
roxicam drug. 

2. Methods 

2.1. Preparation of Gelatin/CMC Microparticles 

The semi-IPN microparticle system was obtained through 
the emulsion-crosslinking method based on the technique 
proposed by [17], adapted by [18] and shown in Figure 1. 
A solution was prepared consisting of 4% (m/v) gelatin 
for 10 mL solution. Following which, CMC (Deg, São 
Paulo, Brazil) was added to the gelatin solution (Vetec 
química fina Ltda). The mixture was agitated (Ikamag 
Ret), at a rate of 300 rpm, at 40˚C, for 30 min, for com- 
plete gelatin and CMC dissolution and the piroxicam 

 

Figure 1. Scheme for obtaining Gel/CMC microparticles 
through emulsion-crosslinking method. 
 
(Deg Imp. de Produtos Químicos) was added. This so- 
lution was then slowly poured over a mixture of 60/40 
(m/m) petroleum paraffin/ether (Vetec química fina Ltda 
/Maia indústria e Comércio Ltda) containing 0.5% (m/m) 
Span 80 (Sigma Aldrich), agitated for 10 min at a rate of 
1000 rpm. Glutaraldehyde (25% in water (PA), Casa da 
química indústria, comércio Ltda) was slowly added to 
this emulsion, with agitation rate maintained for more 
than 35 min. The mixture was carefully poured into a Bü- 
chner filter, and the microparticles carefully washed with 
300 mL n-hexane, 300 mL commercial ethyl alcohol and 
200 mL deionized water, subsequently. With the help of 
a spatula, the particles were transferred to Falcon tubes 
and refrigerated for 8 hours. Following this, the chilled 
material was transferred to a lyophilizer flask and frozen 
for at least 5 hours. It was lyophilized for 2 hours and 30 
minutes. 

2.2. Experimental Planning for Gelatin/CMC 
Microparticles 

Tables 1 and 2 presents changes in the levels of CMC, 
glutaraldehyde (crosslinking agent) and piroxicam ac- 
cording to 23 factorial designed for this system. 

It was produced a sample with absence of piroxicam 
containing only the Gel/CMC matrix called GB. 

2.3. Determination of Encapsulation Efficiency 
(EE%) of Active Agent in Matrix 

100 mg of samples were weighed and maintained in ace- 
tone (P.A) for 24 hours. Following this, an aliquot of su- 
pernatant was collected and transferred to eppendorf 
tubes and frozen for 24 hours. Then 0.1 mL was removed 
from this aliquot and 0.9 mL acetone was added. The 
samples were submitted to high performance liquid chro- 
matography (HPLC) analysis (Merck Hitachi model:  
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Table 1. Indication of variables and upper and lower levels 
used in factorial design. 

Variables Level (−1) Level (+1) 
Concentration of CMC* 10% 20% 

Concentration of Glutaraldehyde* 5% 10% 

Concentration of Piroxicam* 10% 20% 
*The percentages of variables have been established depending on the 
amount of gelatine. 

 
Table 2. 23 factorial planning for the preparation of micro- 
particles in Gel/CMC matrix. The indices () and () indicate 
the level of each variable as lower and higher, respectively. 

Experiment 
Concentration 

of CMC 
Concentration of 
Glutaraldehyde 

Concentration of
Piroxicam 

G1 −1 −1 −1 

G2 −1 −1 +1 

G3 −1 +1 −1 

G4 −1 +1 +1 

G5 +1 −1 −1 

G6 +1 −1 +1 

G7 +1 +1 −1 

G8 +1 +1 +1 

 
D-7000 IF, with column: Merck Lichrosfer RP-18) 
where the EE% was determined through Equation (1): 

% Drug loading 100EE            (1) 

Theoretical drug loading 
The analyses were performed in triplicate with the av- 

erage concentrations being considered. 

2.4. Statistical Analyses 

All data obtained were analyzed through the statistical test 
for rejecting deviating values (Dixon Q Test), being ac- 
cepted or not, with a confidence level of 95% [19]. The 
Pareto analysis was used for factorial planning which en- 
ables identification and quantification of the effect of each 
one of the factors (CMC percentage, cross-linking agent 
and piroxicam) and their interactions in experiments car- 
ried out, with the EE% parameter being evaluated as re- 
sponse. 

2.5. Morphology and Surface of Microparticles 

Evaluation of the morphology and the characteristics of 
the microparticle surfaces were performed using a scan- 
ning electron microscope (SEM) (Philips XL30). Sam- 
ples of each formulation were fixed to metal supports, 
covered with a fine layer of gold and studied under an 
electron microscope using a tension of 10.0 kV. 

2.6. Matrix-Drug Interaction and Physical State 
of Active Agent 

The matrix-drug interaction and the presence of the ac- 

tive agent in the microparticles were investigated through 
the following analyses: 

1) Differential scanning calorimetry (DSC): the curves 
were obtained with 2 to 5 mg samples in DSC (TA-In- 
strument, DSC 2920) in N2 atmosphere equipped with a 
LNCA type cooling system (cooled with liquid nitrogen). 
Only one heating was performed from room temperature 
to 250˚C at the heating rate of 10˚C/min because in the 
second heating the samples were amorphous, in other 
words, they showed no melting point. 

2) X-ray Diffraction (XRD): the physical state of piro- 
xicam in microparticles was evaluated using the XRD dif- 
fractometer (x-Pert, Philips) with CuKα radiation (I = 
1.54056Å). The scanning was done between 2˚ of 5˚ to 
50˚. 

2.7. In Vitro Drug Release Profile 

Microparticles containing the equivalent of 15 mg drug 
were placed in sealed flasks and then 30 mL of phos- 
phate buffer pH 7.4 (condition sink) was added and kept 
immersed in a bath (GFL, D 3006), at (37 ± 2)˚C. At 
pre-determined intervals, 5 mL aliquots were removed 
and after reading, returned to the medium when possible. 
For some samples, a new buffer solution aliquot was res- 
tored to the medium to maintain a constant volume in the 
test tubes. The piroxicam concentration in the medium 
was determined through absorption spectrophotometry in 
the UV region at λmax = 353 nm, using a spectrophoto- 
meter (SHIMADZU, 1601 PC). Based on the calculation 
curve (concentration range of 1.0 to 20.0 mg/L of drug), 
the quantity of piroxicam released into the medium ac-
cording to time was calculated. 

The results of the release assay carried out a study of 
the mechanisms involved in the release process. For this, 
different models were applied.  

3. Results and Discussions 

Table 3 presents the mean EE% and the standard devia- 
tion (DP%) for the Gel/CMC formulation samples, con- 
sidering factorial planning. 

Maximum EE% was recorded for sample G8, at a 
value of approximately 11%, which was achieved under 
higher levels of CMC and piroxicam in the internal and 
glutaraldehyde phase in emulsion. It was verified that the 
EE% recorded for samples G1 to G6 varied between 1.2 
and 4.8%. 

Figure 2 shows the Pareto graph presenting 3 vari- 
ables and 4 interactions. It was observed that, in addition 
to the CMC and glutaraldehyde effects, it was possible to 
identify a significant influence on the combination of 
CMC/glutaraldehyde ((1) * (2)) and CMC/glutaraldehyde 
/piroxicam factors ((1) * (2) * (3)) at the highest levels, 
confirming observations in Table 3. 

Open Access                                                                                           JEAS 



V. BUZZI  ET  AL. 102 

Table 3. Encapsulation efficiency (EE%) and standard de- 
viation for Gel/CMC formulations. 

Matrix Composition Factorial 
Sample 

EE% DP% 
CMC Glutaraldehyde Piroxicam

G1 1.203 0.03 10% 5% 10% 

G2 2.211 0.78 10% 5% 20% 

G3 4.79 0.48 10% 10% 10% 

G4 1.588 0.87 10% 10% 20% 

G5 4.663 0.05 20% 5% 10% 

G6 2.125 0.25 20% 5% 20% 

G7 7.803 2.02 20% 10% 10% 

G8 10.64 1.96 20% 10% 20% 

 

 

Figure 2. Pareto graph for the Gel/CMC microparticles. 
 

The response surface graph (Figure 3) shows the in- 
fluence of glutaraldehyde and CMC on the EE%. It was 
observed that the EE% reached a value of around 10% 
when CMC and glutaraldehyde contents go from a lower 
level (10 and 5%, respectively) to a higher level (20 and 
10% respectively), corresponding to samples G7 and G8. 

Table 4 shows the ANOVA for the graph and res- 
ponse surface. 

The difficulty in encapsulating this drug has been re- 
corded in literature. Prepared microparticles of cellulose 
acetate butyrate and poly (3-hydroxibutyrate) (PHB) con- 
taining piroxicam, in which all formulations studied had 
around 50% of the total amount of the non encapsulated 
drug added with the drug content in the microparticles 
being practically the same, around 15 mg. Prepared pi- 
roxicam microparticles using PHB as matrix, and con- 
firmed that the EE% varied from 5.5 to 89.8% [20]. The 
best encapsulation indices were recorded by preparing 
polycarbonate microparticles which, under the conditions 
described in the method, attained an EE% of 95% for the 
piroxicam. It is worth noting the importance in optimiz- 
ing the conditions of the microencapsulation process to 
achieve high EE% values and that this work proposed 

 

Figure 3. Response surface for the Gel/CMC particles. 
 
Table 4. Results of the influence of the factors on EE%, 
ANOVA analysis. 

Effect estimates ± standard error 
Factor 

EE (%) 

CMC (1) 
Glutaraldehyde (2) 

Piroxicam (3) 
1 by 2 
1 by 3 
2 by 3 

1 * 2 * 3 

3.859 ± 0.547* 
3.655 ± 0.547* 
0.473 ± 0.547 
2.173 ± 0.547* 
0.623 ± 0.547 
0.291 ± 0.547 
2.396 ± 0.547* 

 
a differentiated system for retaining the drug and these 
results refer to the exploratory study. 

In virtue of this, as a way of evaluating the effects of 
matrix composition and piroxicam content, in morpho- 
logical, thermal and crystallinity characteristics, 4 of the 
factorials were selected so as to analyze the effect of 
each factor individually. The samples with the highest 
EE% were selected. Based on this criterion the samples 
G4, G5, G7 and G8 were defined and characterizations 
followed. 

3.1. Gel/CMC Microparticle Characterization 

Figure 4 shows the piroxicam (PP) micrographs, the mi- 
croparticles obtained for the control (GB) and for the for- 
mulations G4, G5, G7, G8, in Gel/CMC, respectively. 

The microparticles coming from the gelatin based for- 
mulations showed regular, spherical shapes with a rough 
surface, according to that shown in Figure 4. Encapsu- 
lating ketorolac tromethamine in Gel/CMC matrix, ob- 
served that the particles presented a slightly rough sur- 
face and particle mean size ranged from 247 to 535 µm. 
The presence of piroxicam crystals was observed on the 
microparticle surface, mainly in samples G4, G5 and  
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Figure 4. Electron scanning microscopy micrographs of 
Gel/CMC microparticles obtained from formulation P (pi- 
roxicam), GB (control), G4, G5, G7and G8. 
 
G7, shown by the arrows in Figure 4, indicating that the 
drug is partially absorbed and not encapsulated. In sam- 
ple G8 there is no evidence of crystals in the microparti- 
cle surface, suggesting a better encapsulation [21]. The 
presence of non encapsulated piroxicam near the surface 
was recorded. 

3.2. Differential Scanning Calorimetry (DSC) 
and X-Ray Diffraction (XRD) Analyses 

The Gel/CMC microparticle DSC curves are shown in 
Figure 5, for the selected factorial compositions, the ma- 
trix (GB) and the standard piroxicam (PP). 

The DSC curve analysis together with the data in Table 
3 suggests that the drug was encapsulated. The samples 
G5 and G7 present an endothermic peak of around 198˚C, 
characteristic of the piroxicam melting process, which ac- 
cording to literature varies from 198 to 200˚C [22]. The 
sample G8 presented a melting temperature (Tm) of 
194˚C which is being attributed to the presence of piro- 
xicam in the matrix. Encapsulating the piroxicam in PHB/ 
chitosan matrix, observed one endothermic event only 
corresponding to the melting process, shifting to a lower 
temperature in relation to the Tm of pure components. The 
absence of a drug melting peak temperature of 204˚C 
could be an indication that the piroxicam was molecularly 
dispersed in the polymer matrix, amorphously. Figure 6 
shows the diffractograms for the Gel/CMC microparti- 
cles. 

As can be observed, the standard piroxicam (PP) pre-  

 

Figure 5. DSC curves for Gel/CMC microparticles. 
 

 

Figure 6. Gel /CMC microparticle diffractograms obtained 
from formulation G4, G5, G7, G8, GB control (without drug) 
and PP (standard piroxicam). 
 
sented diffraction peaks of 2 equal to 8˚; 14˚; 17.5˚ and 
27.5˚, being similar to the polymorphic I form described 
by Vrečer, which gives a detailed study of the polymor- 
phic structures of piroxicam [23]. The control sample 
(GB) showed an amorphous halo of 2 equal to 21˚. It 
was observed that samples G5, G7 and G8 are similar 
and present the same amorphous halo at 21˚, as well as 
the diffraction peak at 8˚, referring to piroxicam. The 
sample G4 amorphous halo was less evident than the pre- 
vious samples and the peak 2 equal to 8˚. The intensity 
of this peak was lower for samples G4 and G5 in relation 
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to G7 and G8, indicating immobilization of a lower 
quantity of piroxicam. Sample G8 presents both the halo 
at 21˚ as well as the peaks at 2 equal to 8; 12; 14; 17.5 
and 27.5˚, indicating that this sample has higher piroxi- 
cam content in relation to the others, which is consistent 
with the EE% results. The presence of the drug in the 
matrixes, maintaining the same crystalline form can be 
justified considering the method of obtaining the Gel/ 
CMC particles, as in this case the piroxicam is added in 
solid form together with the polymer solution, in the first 
phase of the process. 

3.3. In Vitro Drug Release Profile 

Initially the model proposed by Reis [24], was applied 
due to the system being based on hydrogel polymers. In 
this model it is assumed that the release process is a 
means of transport governed by diffusion as well as a 
phenomenon of the partitioning of the solute between the 
solvent phase and the hydrogel matrix. Thus, on deter- 
mining the maximum fraction (Fmax) of solute released it 
is possible to apply first and second order kinetic models 
and evaluate the release profile of the solute in question. 
Based on the concept discussed by those authors, the 
fraction of released piroxicam (FR) during assay time was 
determined in this study and the maximum fraction was 
obtained graphically (Figure 7) according to the proce- 
dure indicated for sample G7. 

It was observed that the four samples released 100% of 
the drug in a 120 min period. In the first 30 min the G4, 
G7 and G8 compositions showed similar behavior in- 
cluding similar FR x t curves, the same cannot be said 
about the curve shown in sample G5, which suggests that 
release occurred in well defined stages, one in the first 10 
min, another between 10 and 45 min, and a third between 
45 and 60 min. The first minutes can be attributed to the 
release of piroxicam located on the surface followed by 
the process of releasing the drug contained within the 
microparticles. 
 

 

Figure 7. Released piroxicam fraction according to assay 
time for samples G4, G5, G7 and G8. 

Based on the data obtained in Figure 7 and assuming 
that the release process can be treated as a partition phe- 
nomenon the equation was applied that assumes first 
order kinetics in the following terms described in Equa- 
tion (2): 

 max max maxln R RF F F F k  t         (2) 

Figure 8 shows the application of this equation on the 
piroxicam release data from the four samples G8, G7, G5 
and G4 and the R2 values obtained. 

In a similar way the second order kinetic model was 
applied for the release data according to Equation (3): 

max max

max

2
ln

2
R R

R
R

F F F F
k t

F F

    
   

       (3) 

where  is considered the partition parameter estimated 
by the ratio described in Equation (4): 

max

max1

F

F
 


                (4) 

Figure 9 presents the results obtained by applying this 
model. 

In Table 5 are the rate constants and the release of 
values R2 for kinetic models. 

On analyzing the results, it was verified that the sam- 
ples behaved distinctly under the kinetic models used. 
The set of data recorded for the G8 system in the first 30 
min, appears to be governed by first order kinetics (R2 = 
0.996), in other words, depending on the piroxicam con- 
centration. While for sample G4, the kinetics was appar- 
ently second order (R2 = 0.990), depending on the con- 
centration of the drug. In both cases it can be said that, in 
the time intervals analyzed, the piroxicam release can be 
approached by Fickinian diffusion. 

Sample G5, in the interval between 0 and 40 min pre- 
sented two distinct release events: the first up to 10 min,  
 

 

Figure 8. Experimental data for time-dependent release of 
piroxicam from samples G4, G5, G7 and G8 at 25˚C, plot- 
ted according first-order kinetics equation. 
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Figure 9. Experimental data for time-dependent release of 
piroxicam from samples G4, G5, G7 and G8 at 25˚C, plott- 
ed according second-order kinetics equation. 
 
Table 5. Constant of the release rate (kR) and R2 values ob- 
tained from linear regression evaluations of first (Equation 
(2)) and second-order (Equation (3)) kinetics models. 

 1st Order 2nd Order 

 kR R2 Kr R2 

G4 0.0599 0.973 0.1212 0.990 

G5 (0 - 10 min) 0.1206 0.871 0.3613 0.930 

G5 (20 - 40 min) 0.0040 0.973 0.0233 0.971 

G7 0.0533 0.965 0.0845 0.952 

G8 0.0609 0.996 0.1131 0.967 

 
which corresponds to the release of 60% of immobilized 
piroxicam and a second, slower event which suggests the 
relationship between the diffusion of water into the parti- 
cle and release of the drug from the swollen material. 
This fast release is in accordance with the micrographic 
analysis, in which it is possible to observe a quantity of 
piroxicam crystals on the surface of this sample enhanc- 
ing, therefore, solution diffusion. By considering the first 
event as a material release from the particle surface, it is 
understood that piroxicam partition occurs between this 
surface and the solution. However, the low R2 values do 
not confirm this process as a simple diffusion process. 
The second event presented R2 values of around 0.97 
under the two models applied, thus not enabling confir- 
mation that release is governed by diffusion. The same 
observation serves for sample G7, in the time interval 
covered. In virtue of this analysis, the semi-empirical Po- 
wer Law model developed by Peppas was applied and 
which suggests under specific conditions, among other 
aspects, the release mechanism. This mathematical mo- 
del is based on Equation (5): 

. nRM
k t

M

                  (5) 

In which MR is the quantity of substance released in 
time t, M∞ the total quantity released during the time  

interval studied, k is a constant incorporating structural 
and geometric characteristics of the particles and n is the 
exponential factor related to the release mechanism of 
drug release. 

In the pharmaceutical field, this model is known as 
Korsmeyer-Peppas (1983), and is generally used to re- 
lease a drug from the polymer matrix when this is not 
well known or when one or more types of phenomena are 
involved [25]. Table 6 lists the n values for different 
polymer matrix geometric forms and different mecha- 
nisms. 

Considering that the total concentration of piroxicam 
in the microparticles is lower than its solubility in the 
buffered medium, and using the assumption that particles 
are spherical, Power Law model can be applied. 

Based on these considerations, the value of n was gra- 
phically estimated for the ratio envisaged in the model 
equation. In the case of sample G7, the best correlation 
index was recorded when n = 0.67 (Figure 10) which in- 
dicates the mechanism denominated anomalous transport, 
that is, there is an overlapping of different phenomena 
during release, such as drug diffusion and polymer swell- 
ing. This analysis agrees with the SEM and XRD analy- 
ses for the sample. 

Similar treatment was applied to sample G5 in what is 
called the second stage of release and is shown in Figure 
11. The best determination coefficient found was R2 = 
0.973 for n = 0.85. This n value suggests that the piroxi- 
cam release mechanism in the time interval between 20 
and 40 min occurred due to matrix swelling.  
 
Table 6. Values for the exponent n of the Peppas equation 
and the drug release mechanism from the polymeric sys- 
tems of different geometries. 

Exponent, n 

Fine film Cylinders Spheres 

Release 
mechanism 

0.5 0.45 0.43 Fickian diffusion 

0.5  n  1.0 0.45  n  0.89 0.43  n  0.85 Anomalous transport

1.0 0.89 0.85 Polymer swelling 

Source: Siepmann and Siepmann (2008). 
 

 

Figure 10. Application of Peppas equation for sample G7 
and correlation coefficient recorded for the piroxicam re- 
lease process according to time elevation to n = 0.67.  
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Figure 11. Application of Peppas equation for sample G5 
and R2 recorded for the piroxicam release process accord- 
ing to time elevation to n = 0.85. 
 

The piroxicam release kinetics analysis based on dif- 
ferent Gel/CMC sample compositions and the drug quan- 
tity present in the medium show that the release mecha- 
nism differ from each other in the first minutes of assay. 
Samples G4 and G8 are governed by diffusion, the first 
under the first kinetic order and the second under the 
second kinetic order. Samples G7 and G5 are distinctly 
governed by anomalous transport in the first 35 min and 
matrix swelling for the time interval between 20 and 40 
min, respectively. It is understood that the formulations 
envisaged in factorial planning, in addition to influencing 
the EE%, caused changes in the release mechanism in the 
first minutes of this process. 

4. Conclusions 

The factorial planning analysis indicated that the Gel/ 
CMC matrix had a maximum encapsulation efficiency 
(EE%) of 10.64% when the matrix contained higher lev- 
els of CMC and glutaraldehyde. However, the micro- 
graphics of some compositions revealed part of the drug 
absorbed on the particle surface. The DSC and XRD 
analyses indicated that the piroxicam remained in the 
matrixes, keeping the same crystalline form identified 
when pure. 

On evaluating release through the model proposed by 
Reis et al. (2007) it was observed that the four samples 
G4, G5, G7 and G8 released 100% of the drug in a 120 
min period. 

The piroxicam release kinetics study based on differ- 
ent gelatin/CMC matrix compositions and the quantity of 
drug present in the medium revealed that the differences 
in the contents of each factor interfere with the release 
mechanism in the first minutes of the assay. In accor- 
dance with the models applied, piroxicam release from 
samples G4 and G8 is governed by diffusion, the first 
according to first order kinetics and the second under 
second order kinetics. Sample G7 is governed by anoma- 
lous transport in the first 35 min and the sample G5 by 

matrix swelling for the time interval between 20 and 40 
min. It is understood that the formulations envisaged in 
factorial planning, in addition to influencing the EE%, 
caused changes in the release mechanism in the first mi- 
nutes of this process. 
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