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Drug release in the colon is a therapeutic alternative for pathologies that affect this organ, for absorption of peptide
drugs and proteins, and in chronopharmacotherapy. Systems for this purpose should be formulated considering
the obstacles of the gastrointestinal tract. Strategies used consider characteristics such as pH, enzymatic activity,
microflora, and transit time. This work aims to present a system to deliver drugs directly to the colon using the
natural polymers zein and chitosan. The biopolymers were prepared with the objective of obtaining effective polymer
dispersions to be applied in the coating of tablets and evaluated for in vitro dissolution profile. The polymer films
obtained by casting were characterized by Fourier-transform infrared spectroscopy, thermal analysis, mechanical
analysis, and water vapor transmission. The results obtained demonstrate that zein can be used as a sealing coat to
separate incompatible materials and as a barrier against moisture. They also show that chitosan is specifically degraded
by the colonic flora and, when associated with ethyl cellulose, can be applied as support for the colon-specific delivery.
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INTRODUCTION
The development of new medicines not only is limited
to the discovery of new drugs but also includes the development
of an adequate delivery system, which is fundamental for the drug
to be released in an appropriate place to exercise its therapeutic
effect.
An ideal system is that capable of responding to
physiological variations, modulating the drug release profile, and
the delivery to a specific target in accordance with the therapeutic
goal (Bassyouni et al., 2015; Bawa et al., 2009).
An alternative to the treatment of pathologies such as
carcinomas, infections, and inflammatory processes that affect
the colon is the use of modified delivery systems with the aim
of delivering the drug to this region (Paradkar and Amin, 2018;

Corresponding Author
Ricardo Fiori Zara, Postgraduate Program in Chemical and
Biotechnological Processes, Federal Technological University - Parana,
Toledo, Brazil. E-mail: ricardozara@utfpr.edu.br
*

Ravi et al., 2008; Sanghi and Tiwle, 2016; Sharma et al., 2014). In
addition to these conditions, drug release in the colon is presented
as an alternative for oral administration of peptide drugs and
proteins and in chronopharmacotherapy (Bawa et al., 2009; Ravi
et al., 2008; Ren et al., 2017; Sanghi and Tiwle, 2016).
In order for the drug to reach the colon region, oral
dosage forms should be formulated taking into account the
obstacles of the gastrointestinal tract. The strategies used consider
characteristics such as pH, enzymatic activity, microflora, and
transit time through the gastrointestinal tract (Bassyouni et al.,
2015; Sinha and Kumria, 2001; Vandamme et al., 2002).
Due to the advantages of such therapeutic systems, there
is growing interest in new excipients with specific technological
properties, which may favor drug delivery profiles and adequate
bioavailability. Advances in these systems are largely related to the
technology of polymers and, among them, natural derivatives or
biopolymers have advantages such as excellent biocompatibility,
biodegradability, low-cost effectiveness, and respect for the
environment (Ali et al., 2014; Dhanya et al., 2012; Huang and Fu,
2010; Kayaci and Uyar, 2012; Ogaji et al., 2011; Sánchez et al.,

© 2021 Ricardo Fiori Zara et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/).

090

Zara et al. / Journal of Applied Pharmaceutical Science 11 (07); 2021: 089-097

2011; Sessa et al., 2012). Among the biopolymers, chitosan and
zein have been studied with potential pharmaceutical application
(Bisharat, 2012; Duggan et al., 2017; Kim et al., 2014).
Chitosan is a polysaccharide consisting of N-acetyl-Dglucosamine and D-glucosamine units obtained by deacetylation
of chitin, the main component of the exoskeleton of insects and
crustaceans (Azevedo et al., 2007; Kim et al., 2014; Luo et al.,
2011; Xu et al., 2015).
Zein, another biopolymer derived from renewable
sources, is the main protein found in maize (Luo et al., 2011; Rowe
et al., 2009). The predominance of nonpolar amino acids in the
composition of zein interferes with its solubility, being insoluble
in water (Ali et al., 2014; Shukla and Cheryan, 2001).
The purpose of this research is to promote the
technological development of these materials, enabling their
application in a modified delivery system aimed at drug release
in the colon and the study of its physicochemical characteristics.
MATERIALS AND METHODS
Tablet production
Propranolol hydrochloride was used as a model drug.
Tablets containing 40 mg of the drug were obtained through
the mixture of microcrystalline cellulose (36.24%), propranolol
hydrochloride (26.85%), lactose monohydrate (20.13%),
croscarmellose sodium (11.68%), copovidone (3.36%), colloidal
silicon dioxide (0.94%), and magnesium stearate (0.81%) and
through direct compression (Piccola® Riva® automatic compressor)
using a 7 mm circular puncture. The average tablet was 149 mg,
with a hardness of 8 kgf, friability less than 1%, and disintegration
time of less than 30 minutes.
Dispersion’s preparation
Zein was dispersed in an 80:20 v/v hydroalcoholic
solution at a concentration of 2% m/v, with stirring for 60 minutes
using a mechanical stirrer. For the coating formulation, talc was
added as an antiadherent and triethyl citrate was added as a
plasticizer, at a proportion of 10%, to the zein mass (m/m).
Chitosan was dispersed in water, at a concentration of
2% m/v, with stirring for 30 minutes using a mechanical stirrer, pH
4.5 acidified with acetic acid, and Ultra Turrax® for 15 minutes.
Ethyl cellulose aqueous dispersion was diluted with
water to 15% m/v, followed by mild stirring for 15 minutes using
a mechanical stirrer.
The viscosity of the dispersions was measured using a
Brookfield viscometer, using spindle 61, at a speed of 20 rpm and
torque of 50%–90%.
Coating
The coating with the zein dispersion constituted the first
application layer on the cores. A Vector® perforated drum coater was
used for the process, with a 5% increase of film mass in relation to
the core. The process parameters were optimized to obtain the best
conditions for the coating, and the tablets were evaluated visually,
considering the characteristics of film formation, continuous and
uniform coating, and the absence of roughness and imperfections.
After application of the zein layer, the tablets were coated
with the aqueous dispersion composed of the ethyl cellulosechitosan blend. The formulations with the different combinations

between the polymers and the mass increase with the coating are
presented in Table 1. Reduced proportion of ethyl cellulose in the
coating it is possible that the coating makes it impossible to control
the release from this system, however, with the increase in the
proportion of chitosan improves the characteristics of the modified
release system but it is still dependent on the applied coating load.
The coating was applied in a perforated drum coater and
the process parameters were optimized to obtain the best conditions
considering the proposed polymer dispersion characteristics.
In vitro dissolution
The dissolution profiles of formulations F1 to F4 were
performed in triplicate using the dissolver, Sotax® AT7 smart,
with apparatus II (blades), stirring at 75 rpm, temperature 37.0°C
± 0.5°C, filter 8 μm, and medium volume of 1,000 ml. The
dissolution media were prepared to simulate the passage through
the gastrointestinal tract. Thus, the dissolution media were used as
presented in Table 2, contemplating 24 hours of analysis.
The aliquot collected at each of the given times was
analyzed in a UV spectrophotometer. The absorbances were
measured for quantification of the active ingredient dissolved
in 289 nm, corresponding to the highest intensity signal. The
calibration curve was constructed with concentrations of 5, 10,
20, 40, and 60 mg l−1 of the propranolol hydrochloride standard.
Tablet cores coated with the zein and chitosan polymers
in isolation were also analyzed through the dissolution profile,
considering the same conditions as those carried out for F1–F4.
Polymeric films characterization
The films of the isolated polymers and of the ethyl
cellulose-chitosan mixture were prepared by the casting method
and the solvent evaporation method and characterized by
infrared spectroscopy, differential scanning calorimetry (DSC),
thermogravimetry, and mechanical analysis.
Obtaining the films: casting
Aliquots (10 ml) prepared in 2.2 of each formulation
were placed on a Teflon® plate and submitted to a temperature of
45°C for 24 hours. After the formation, the films were carefully
removed from the plate (Gruetzmann and Wagner, 2005).
Table 1. Proportion between ethyl cellulose and chitosan polymers and coating
load.
Formulation

Variable factor
Proportion of ethyl cellulose-chitosan

F1

80–20

F2

80–20

F3

95–5

F4

95–5

Table 2. Media, time, and collection of the in vitro dissolution test of coated
tablets.
Dissolution medium

Hydrochloric acid 0.1
mol l−1

Potassium phosphate
buffer pH 6.8

Time

2 hours

22 hours

Collection

1 and 2 hours

1, 2, 3, 4, 5, 6, 8, 10, 12,
14, 16, 19, and 22 hours
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Infrared spectroscopy [Fourier-transform infrared
spectroscopy (FTIR)]
The polymers, zein, chitosan, and isolated ethyl cellulose,
in the form of powder and films, and the ethyl cellulose-chitosan
mixture, in the form of powder and film, were characterized by
infrared spectroscopy, using a PerkinElmer FT-IR Spectrometer
Frontier spectrometer. The spectra were recorded on a spectrometer
with scanning in the region of 500–4,000 cm−1.
Thermal analyzes
The measurements to obtain the DSC and
thermogravimetric (TGA) curves for the polymer films were
carried out on a PerkinElmer Simultaneous Thermal Analyzer
6000 Differential Scanning Calorimeter. Approximately 10 mg of
the sample was heated to 70°C, maintaining this condition for 5
minutes. After this period, the sample was heated to 650ºC at a
rate of 20ºC minutes−1 with a nitrogen flow of 20 ml minutes−1.
The temperature at which the thermal degradation of the polymers
occurs was evaluated from the TG curves.
Mechanical analysis
The traction properties, to determine the straindeformation of materials, were determined using a texture
analyzer, the Texture Analyser- Heavy Duty Plus texturometer,
Stable Micro Systems, based on the standard ASTM D882 method
adapted (ASTM D882, 2002). A load cell of 5 kgf was applied,
a traction ratio of 0.1 mm second−1 and an initial distance of 15
mm between the claws. The data recorded are the average of five
measurements for each sample with dimensions of 25 × 10 mm.
Water vapor transmission (WVTR)
The WVTR was determined by the standard gravimetric
method E96/E96M for the zein films and the ethyl cellulosechitosan mixture. Using the desiccant method, the test sample is
sealed to the open nozzle of a test vessel containing a desiccant,
and the assembly is placed in a controlled atmosphere. Periodical
weighing determines the movement rate of water vapor through
the sample to the desiccant (ASTM E96-E96M, 2010).
We placed 10 g of blue silica gel in 60 ml vials. These
were sealed with the films and placed inside a desiccator, which
contained 200 ml of calcium chloride saline 10% (m/v). After this
procedure, vacuum was performed in the desiccator and it was
taken to the incubator at 25°C. The samples were weighed, and a
new vacuum was performed during five consecutive days.
The WVTR was calculated by the equation
transmissão de vapor de água = G t−1A−1, where G =
mass change, in grams (g); t = time, in hours (h), G t−1 = line
inclination (g hour-1), and A = test area (nozzle area), in square
meters, obtaining the WVTR ratio in g hour−1 m−2 (ASTM E96E96M, 2010).
RESULTS AND DISCUSSION
Coating
The polymer suspensions used in the tablet coating
were prepared considering their solubility, pH, and viscosity
characteristics. The ideal suspension for zein application was
composed of hydroalcoholic solution as solvent and 2% zein mass
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in relation to the solvent volume, obtaining viscosity of 6 cP. For
chitosan, the best condition was achieved using purified water as
a solvent, pH 4.5 acidified with acetic acid, and 2% chitosan mass
in relation to the solvent volume, obtaining a viscosity of 177 cP.
The ethyl cellulose aqueous dispersion needed to be diluted to
15% m/v with water and to be then incorporated with the chitosan
dispersion.
The first coating layer, composed of zein, had a continuous
coating of polymeric film and allowed the core of the second
coating layer to be isolated. This technique became necessary as
the aqueous coating of ethyl cellulose-chitosan, applied directly
to the cores, caused wear and imperfections. This incompatibility
is due to the high water solubility of the tablet constituents. After
optimization steps, the process parameters for coating application
were defined, and they are presented in Table 3.
After the sealing of the nuclei with a layer of zein, it
was possible to apply the coating with the ethyl cellulose-chitosan
mixture, presenting uniform coating and smooth appearance with
no imperfections.
The process parameters that obtained satisfactory results
for the application of the coating with the suspension composed
by the ethyl cellulose and chitosan blend are presented in Table 4.
In vitro dissolution profile
Uncoated tablets containing the drug propranolol
hydrochloride present immediate drug release, with dissolution
time of less than 30 minutes, due to its high solubility characteristic
(biopharmaceutical classification I) (Farmacopéia Brasileira,
2019). Thus, propranolol hydrochloride was used as a model drug
where the delay in release was due exclusively to the action of the
proposed coating.
The dissolution profile of the tablets coated with zein,
chitosan, and ethyl cellulose, corresponding to the formulations
F1–F4, is presented in Figure 1.
Table 3. Optimized parameters for the zein coating.
Condition

Preheating

Coating

Input temperature (ºC)

50–55

55–60

Drying
50

Exhaust temperature (ºC)

35–37

37–40

37–40

Air flow (m3.hour−1)

55–60

55–60

55–60

Bucket speed (rpm)

8–10

11–13

11–13

Atomization pressure (bar)

–

0.55–0.60

–

Pressure range (bar)

–

0.55–0.6

–

Spray ratio (rpm)

–

5

–

Table 4. Optimized parameters for the ethyl cellulose-chitosan coating.
Condition

Preheating

Coating

Input temperature (ºC)

55–60

60–65

Drying
50

Exhaust temperature (ºC)

35–37

39–44

39–44

Air flow (m3 hour−1)

55–60

55–60

55–60

Bucket speed (rpm)

8–10

11–13

11–13

Atomization pressure (bar)

–

0.55–0.60

–

Pressure range (bar)

–

0.55–0.6

–

Spray ratio (rpm)

–

5

–
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Figure 1. In vitro dissolution profile of propranolol hydrochloride tablets coated
with the coating formulations F1–F4.

To obtain maximum absorption of the drug in the colon,
there should be minimal or null absorption through the gastric
mucosa and small intestine and, to this effect, the resistance
time in these regions should be considered. Transit of the
pharmaceutical form through the stomach ranges from minutes to
2 hours (acidic pH) and, through the small intestine, the transit
time is approximately 3–4 hours (Freire et al., 2006; Sanghi and
Tiwle, 2016).
Formulations F1 and F2 presented drug release in
acidic media, with 84.5% and 86.5%, respectively, dissolved in
2 hours of analysis in 0.1 mol l−1 hydrochloric acid medium,
suggesting that the reduced proportion of ethyl cellulose in
the coating made it impossible to control the release from this
system. From this profile, we can conclude that formulations F1
and F2 are not suitable for modified release, since they indicate
that the drug will be released during the passage through the
stomach.
It can be observed that the F1 formulation delivered the
drug as early as the first hour of the test and the F2 formulation
after 1 hour, demonstrating the influence of the coating load on the
dissolution profile.
The F3 formulation was shown to be a viable alternative
for drug release in the colon, since it presents gastroresistance,
referring to the analysis in acidic environment (HCl 0.1 mol L−1),
in the period of 2 hours, and 85.2% dissolution of drug occurred
after a 5-hour latency period in pH 6.8, sufficient time for the drug
to travel through the small intestine to the colon, with 100% of the
drug being dissolved in 12 hours of analysis.
For formulation F4, a 16-hour delay in drug release
was observed, and it was therefore not of interest for the type of
application targeted. The dissolution profile of this formulation is
due to the higher coating load in comparison to the F3 formulation.
Monteiro studied the making of matrix tablets prepared
with hydroxypropyl methylcellulose and pectin, containing
quercetin for colon-specific delivery, and obtained a promising
formulation with 75.45% quercetin release in 8 hours of analysis,
considering the dissolution media hydrochloric acid 0.1 mol l−1
and phosphate buffer pH 6.8. (Monteiro et al., 2007; Ren et al.,

2017), studied a bilayer-coated tablet of chitosan/gelatin and
Eudragit® in tablets and completely released in a 24 hours.
In a study performed with microspheres formed of
chitosan, Eudragit®, and diclofenac sodium and coated with
Eudragit®, a continuous release was obtained during a period
of 8–12 hours for colon-specific delivery (Deshmukh and Naik,
2013). Tilkan and Özdemir (2017) investigated the parameters
affecting the release of flurbiprofen from chitosan microspheres
and obtained between 8 and 12 hours for delivery.
When the polymers were analyzed in isolation, both the
zein and chitosan coating presented drug release in 0.1 mol l−1
hydrochloric acid dissolution medium, even when a 15% coating
load was used. In contrast, ethyl cellulose in an isolated manner
was insoluble in the dissolution medium, not delivering the active
ingredient.
The application of ethyl cellulose becomes interesting
with the incorporation of permeation enhancing agents due
to its insolubility characteristic (Meng et al., 2012). Thus, the
combination of ethyl cellulose and chitosan is a viable alternative
since it allows the modulation of the release according to the
desired therapeutic objective.
Terebesi (2006) performed the coating with an alcoholic
solution of zein and 20% coating load on pellets containing
theophylline and obtained release of more than 90% of the drug
in 6 hours at pH 1.2. At pH 6.8, only 25% of the total drug was
delivered in 8 hours with zero order release kinetics. The difference
in drug release was attributed to the difference in permeability of
the zein film in the different media since the drug has solubility
independent of pH. The behavior was associated with the type of
ion present in the medium that caused the interaction with the zein
structure, producing a barrier of hydration (Terebesi, 2006).
Chitosan is a biopolymer that has been studied as a support
material for drug release in the colon due to its complete digestion
by bacteria, its sensitivity to pH, and low toxicity (Duggan et al.,
2017; Kim et al., 2014; Zhang et al., 2002), making it useful as a
support for obtaining an effective colon-specific delivery.
The release kinetics of the F3 formulation was evaluated
considering the available mathematical models, which relate the
amount of drug delivered as a function of time from the therapeutic
system considered.
The criterion used to choose the model that best describes
the dissolution phenomenon was the correlation coefficient (R). In
this context, it was observed that the model proposed by Weibull
obtained R = 0.997, being the model that best fits the profile
presented in F3.
The model proposed by Weibull expresses the
cumulative fraction of the drug in solution over time and
mathematically describes the drug release. However, transport
and release sometimes involve multiple steps caused by different
physical or chemical phenomena, making it difficult to relate a
mathematical model that adequately characterizes the kinetic
properties of dissolution, considering the complex set of events
that occur by the time the total amount of the drug contained in the
pharmaceutical form has been delivered.
Considering the characteristics of the polymeric
materials used in this study, we observed that the combination of
soluble and insoluble polymers carries out the drug release based
on swelling of the coating film along the gastrointestinal tract,
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erosion, and degradation of the polysaccharide in the colon. These
results corroborate the data obtained by Vandamme et al. (2002).
Ethyl cellulose acts as an insoluble material, allowing
the gastroresistance of the formulation, while chitosan promotes
gradual swelling and delivery specific to the type of therapeutic
action proposed.

093

The FTIR spectra obtained for zein in powder form and
in film form are presented in Figure 2.
The spectrum has characteristic bands of protein. The
band at 1,650 cm−1 corresponds to the carbonyl stretch (C=O) of
the amide group (amide I), and the band at 1,540 cm−1 is called
amide II and is related to the angular deformation vibrations of
the NH bond. This band has a lower frequency than that of the
band corresponding to C=O. The band at 1,230 cm−1 is relative to
the axial deformation vibrations of the C-N (amide III) link. The
presence of a high amount of a secondary structure of α-helices
is confirmed by the symmetrical spectral band at 1,650 cm−1.
Between 2,800 and 3,500 cm−1, bands appear relative to the NH
and OH stretches of the protein amino acids (Ali et al., 2014;
Silverstein et al., 2013; Yao et al., 2009).
Evaluating the spectrum of zein in the form of powder
and film, similarity is observed in the spectra, demonstrating that
the chemical composition between the preparations is the same.
The change in the band at 1,250 cm−1 relates to the different
conformations of the polymers between the two preparations
(powder and film). The addition of plasticizer (C12H20O7), for the
formation of the film, has main absorption spectrum at 3,000 cm−1
and 1,750 cm−1 and between 1,500 and 1,000 cm−1, with these
overlapping the absorption bands of the polymer.
The spectrum in the infrared region of the chitosan
biopolymer is presented in Figure 3. Analyzing the spectrum,
bands that are characteristics of the material can be verified in the
region between 1,700 and 1,300 cm−1. At 1,650 cm−1, the band is
attributed to the C=O axial deformation of the carboline of the
acetamide group, to which the acetylated part of the chitosan

corresponds. In this same region, amide groupings and OH groups
appear, overlapping the N-acetyl group. Significant alterations in
this region are observed, attributed to the conformations of the
polymers, differentiating the material between the form of powder
and film.
The band at 3,440 cm−1 is attributed to the hydroxyl
group (OH) axial stretching hydrogen bonds, and this appears
overlapping the NH stretch band. Comparatively, there is a change
in the band relative to the OH grouping, between the powder and
film forms, due to the different interactions between the hydroxyls
in the two preparations.
In relation to the pyranoses, we can observe vibrations
between 1,200 and 800 cm−1 that are associated to the chemical
bonds and bands in the region of 2,850 cm−1 that are attributed to
the groups CH2. The bands in the region between 1,300 and 1,400
cm−1 correspond to the symmetrical angular deformation of the
CH3 group (Sánchez et al., 2011; Silverstein et al., 2013).
In the preparation of the polymeric film, plasticizer and
acetic acid were used. The plasticizer (C12H20O7) has characteristic
bands at 3,000 cm−1 and 1,750 cm−1 and in the region between 1,500
and 1,000 cm−1, and acetic acid (CH3COOH) has characteristic
bands at 3,000 cm−1 and in the region between 1,700 and 1,300
cm−1, which corroborate differences of intensity in the overlapping
regions.
In the FTIR spectra obtained for ethyl cellulose, presented
in Figure 4, characteristic hydroxyl (OH) bands can be identified
at approximately 3,500 cm−1 and between 2,974 cm−1 and 2,869
cm−1, bands appear referring to the C-H stretch. Other important
bands are shown at 1,090 and 1,370 cm−1, corresponding to the
C-O-C stretch and the C-H flexion, respectively. Bands between
1,200 and 800 cm−1 are associated with the chemical bonds of the
pyranoses, and bands in the 2,850 cm−1 region are assigned to the
CH2 groups (Silverstein et al., 2013; Trivedi et al., 2015).
The presence of plasticizer in the film can clearly
be identified based on the band of the ester groups. The most
expressive peak, at 1,750 cm−1, belongs to the vibrations C=O.
The other characteristic bands of the plasticizer coincide with the
ethyl cellulose absorption regions, with the OH grouping band

Figure 2. FTIR spectra obtained for zein in the form of powder and film.

Figure 3. FTIR spectra obtained for chitosan in the form of powder and film.

Characterization of polymeric films
Infrared spectroscopy (FTIR)

094

Zara et al. / Journal of Applied Pharmaceutical Science 11 (07); 2021: 089-097

Figure 6. TGA curves for zein, chitosan, and ethyl cellulose.
Figure 4. FTIR spectra obtained for ethyl cellulose in the form of powder and
film.

Figure 5. FTIR spectra obtained for the ethyl cellulose-chitosan mixture in the
form of powder and film.

and C-O-C vibration of the ester group (Hegyesi et al., 2013).
Subtracting the plasticizer spectrum, we observed that the band
characteristic of ethyl cellulose is unchanged comparing the
spectra of the form powder and film, demonstrating that there are
no significant changes in their functional groups.
In order to evaluate the interactions between the
functional groups of the polymers used in the mixture, FTIR
analysis (Fig. 5) was performed for the physical mixing of ethyl
cellulose and chitosan powders and after casting.
By evaluating the spectrum, characteristic bands in
common among the polymers as presence of hydroxyl, pyranoses,
stretch C-H, group CH3, and vibration C-O-C of the ester group
can be observed. No significant changes were observed in the
blend in relation to the isolated polymers.
The inclusion of plasticizer in the film production can
be identified at 1,750 cm−1, the band that characterizes the C=O
vibrations of triethyl citrate.

Thermal analyzes
The degradation temperature of the polymers is
demonstrated by the TGA curves, with the loss of mass versus
temperature and its derivative function presented in Figure 6.
Thermal degradation of polymers occurs in more than
one stage. The highest thermal stability corresponds to the ethyl
cellulose sample, with a maximum loss of mass at approximately
375ºC and, on the contrary, the chitosan sample presented lower
thermal stability, with a maximum loss of mass at approximately
300ºC and slight loss at 175ºC. This initial loss of mass may be
related to loss of volatile compounds, such as water and acetic acid.
However, when ethyl cellulose and chitosan are mixed in
the proportion of the application, they have a degradation profile
as that presented for isolated ethyl cellulose, demonstrating that
the addition of chitosan does not interfere in the thermal stability
of the mixture.
The data presented in this evaluation complement the
results obtained in the FTIR analysis, demonstrating that the
chemical interactions are maintained, being indicative that there
were no incompatibilities between the materials used in the
mixture.
Zein presented a thermal stability profile intermediate to
that of chitosan and ethyl cellulose, with mass loss beginning at
290°C and maximum degradation ratio at approximately 320°C.
As for the energy processes, it was not possible to observe
significant changes, through the DSC for the studied polymers.
Mechanical analyses
The mechanical behavior of the polymers can be viewed
easily by observing their stress–strain curve. The curves obtained
for the isolated films and for the ethyl cellulose-chitosan mixture
are presented in Figure 6, and the results in terms of the Young
modulus and yielding point are presented in Table 5.
The stress versus strain curves demonstrate that the
studied materials present different behavior when submitted to
mechanical traction. Comparatively, chitosan is the less deformed
and more rigid material; on the other hand, ethyl cellulose has a
high strain with a low tension and behaves in a more elastic way.
These results can also be visualized in Young's modulus,
which indicates the level of stiffness of the polymer; that is,
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Figure 7. Tension-deformation curves of polymeric films.
Table 5. Mechanical properties of the polymer films for Young's modulus and
yielding point.
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g hours−1 m−2, respectively. Thus, the statistical difference between
the films is not significant (p ≤ 0.05).
Ethyl cellulose absorbs extraordinarily little water from
moist air or during immersion, and the small amount is evaporated
rapidly, thus presenting utility as a moisture barrier improving the
stability of the formulation. It can be observed that the zein film
is like that of ethyl cellulose in water transmission value, and this
characteristic shows that zein presents good prospects to be used
as a moisture barrier.
This property of zein, in large part, is related to its
hydrophobic characteristic, due to the predominance of nonpolar
amino acids and of the homogeneity of the polymeric matrix (Ali
et al., 2014) (Kayaci and Uyar, 2012; Mehta and Trivedi, 2012;
Shukla and Cheryan, 2001). In general terms, a coating material
with low water vapor permeability is interesting, since it allows
a more prolonged stability for drugs that are sensitive to this
environmental condition, providing a longer shelf life for the drug.
It is also interesting as a sealing layer, separating incompatible
components. This property of zein, in large part, is related to its
hydrophobic property (Kayaci and Uyar, 2012; Mehta and Trivedi,
2012; Shukla and Cheryan, 2001). In general terms, a coating
material with low water vapor permeability is interesting because
it allows a longer stability for drugs sensitive to this environmental
condition, providing a longer shelf life for the drug.

Young’s module

Yielding point

(GPa)

(MPa)

Ethyl cellulose

0.666

5.10

Ethyl cellulose:chitosan

1.000

4.85

Chitosan

7.000

11.00

CONCLUSION

Zein

4.800

1.90

The application of natural polymers is interesting raw
materials for pharmaceutical application; we found that use of
zein exhibits film-forming properties, impermeability, and ease of
coating application and can be used as a sealing layer to protect
the core containing the drug from incompatible materials and as
a barrier against moisture. This feature is interesting, from the
point of view of pharmaceutical technology, since a material with
a moisture barrier allows the protection of drugs that are sensitive
to this environmental condition.
The in vitro dissolution data presented demonstrated
that it is possible to obtain coated tablets for release in the colon,
containing polymer blend with physicochemical characteristics
and different delivery systems, as is the case of chitosan and ethyl
cellulose. Chitosan has characteristics that allow its degradation
by the microflora what possibilities applicability in a specific
colon delivery system. The combination between the proportion
of the polymers and the percentage of coating load that presented
the best result was the ratio of 95:5 ethyl cellulose/chitosan and
5% coating load.
The results obtained for thermal stability and FTIR
presented no incompatibility in the films used, and the thermal
stability of ethyl cellulose was maintained in association with
chitosan. The mechanical profile of the polymer films for
deformation and stretching demonstrated that, with the proposed
mixture, there is an increase of Young's modulus and, therefore, a
greater intermolecular interaction between the materials, allowing
for good application characteristics in tablets.
It can be concluded that the zein and chitosan biopolymers
have desirable characteristics for tablet coating application and,
with the study performed, the application in a system for drug
release in the colon.

Film

the larger the modulus value, the greater the stiffness. In this
perspective, it can be observed that the chitosan presented the
highest value (7,000 GPa) and ethyl cellulose the lowest value
(0.666 GPa).
When mixed, the results of ethyl cellulose-chitosan, in
the proportion of the application, demonstrate that the mechanical
behavior, demonstrated in the stress–strain curve, becomes
intermediate to that of the isolated polymers. The addition of
chitosan provided an increase in Young's modulus, demonstrating
that greater intermolecular interaction occurs in the resulting
material of the blend.
It can be observed that the proposed mixture did not
present significant changes in the thermal analysis and FTIR;
however, the modification of the material can be observed when
its mechanical behavior is analyzed. The increased interactions
between the macromolecules contribute to increase the film's
resistance.
In relation to the yielding point, presented in Table 5, it
can be observed that the lowest value refers to the zein film. This
parameter indicates the stress that the material undergoes until the
plastic deformation begins and defines the yielding power of the
polymer molecules during the stretching. The yielding point for
the ethyl cellulose-chitosan mixture presented a lower value than
the isolated polymers, demonstrating the lower molecular mobility
that results in increased resistance.
Water vapor transmission (WVTR)
The WVTR results for the zein films and for the ethyl
cellulose-chitosan mixture were 304.76 g hours−1 m−2 and 304.46
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