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SUMMARY. Blends of cellulose acetate butyrate (CAB) and polyethylene glycol 1500 (PEG 1500) were
used to prepare sustained release carbamazepine-loaded microspheres by the emulsion-solvent evapora-
tion method. The effect of CAB molecular weight (MW 30000 or 70000) and addition of PEG 1500 to the
formulations on drug content, particle size, and CBZ release rate were evaluated using a 22 factorial de-
sign. The CBZ encapsulation efficiency (%) and the drug content varied from 65 to 70% and from 20 to
24% (w/w), respectively. The mean particle diameter varied from 300 to 1400 µm. The addition of PEG
1500 to the formulations led to an increase in surface porosity due to the diffusion of this polymer towards
the external phase of the emulsion. The absence of PEG 1500 in the particles was confirmed by FTIR. The
statistical analysis revealed that the release rate of carbamazepine was significantly increased when CAB
(MW 30000) and PEG 1500 were used to prepare the microspheres.
RESUMEN. “Efecto del Polietilenglicol sobre la Carga de fármaco, Morfología y Perfil de Liberación de Carba-
mazepina en Microsferas de Liberación Prolongada de Acetobutirato de Celulosa”. El objetivo del presente tra-
bajo ha sido el de evaluar el efecto del peso molecular de acetobutirato de celulosa (ABC) (PM 30000 y 70000) y
la presencia de polietilenglicol 1500 (PEG 1500) en el tamaño de microesferas preparadas a partir de mezclas de
dichos polímeros mediante el método de emulsificación-evaporación del disolvente y cargadas con carbamazepi-
na. Asimismo, se evaluó el perfil de liberación del fármaco a partir de las formulaciones, empleando un diseño
experimental 22. Las formulaciones presentaron un tamaño medio entre 300 y 1400 µm, y una eficiencia de aso-
ciación y carga de fármaco entre 65-70% y 20-24%, respectivamente. La difusión del PEG para la fase externa
de la emulsión resultó en una mayor porosidad de las partículas. El análisis estadístico de los resultados pone de
manifiesto un aumento significativo en la liberación de carbamazepina  a partir de los sistemas conteniendo ABC
con peso molecular de 30000 y conteniendo el PEG 1500 en la fase interna de la emulsión. 

INTRODUCTION
In the last decade, the interest in polymer

blending has grown mainly due to the fact that a
material property can be modified without un-
dertaking the synthesis of a new compound. In
the pharmaceutical field, polymeric blending has
been exploited as a way to modify the release
properties of drugs from matrix delivery systems.
Matrix properties of microspheres such as
swelling, permeability, and also biodegradation
can be varied in order to obtain a proper drug
release profile 1,2. In several instances, the modi-
fication of the release profile of a drug is
achieved when a second polymer presenting a
hydrophilic nature is added to the microsphere
formulation, which is generally based on hy-

drophobic polymers. It has been demonstrated
that the presence of a hydrophilic polymer in
the matrix system increases the water content of
particles and/or induces pore formation improv-
ing both dissolution and diffusion of the drug 1,3.

Cellulose esters such as cellulose acetate,
cellulose acetate propionate, and cellulose ac-
etate butyrate are commercially available in
many different molecular weights and with dif-
ferent substitution degrees, and can be used as
excellent hydrophobic film-formers, suitable for
encapsulation purposes. In particular, cellulose
acetate butyrate (CAB) is a water insoluble poly-
mer that has been employed to prepare direct-
ed-compression matrices and has been used as
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a semi-permeable membrane for osmotic pumps
4. Also, this polymer has been used to obtain
sustained release microparticles using the emul-
sion-solvent evaporation method. The drug re-
lease from CAB microparticles has been shown
to be affected mainly by the particle size, the
molecular weight of the polymer, and the drug
to polymer ratio in the formulation 5-7.

Polyethylene glycols are hydrophilic poly-
mers which can be used as plasticizer in the for-
mulation of solid dosage forms. The addition of
polyethylene glycols to membranes prepared
from cellulose esters makes them smoother and
less compact. Furthermore, these polymers have
been used to change the release rate of drugs
from microspheres. Bezemer et al. 2 have
demonstrated that the release profile of the en-
capsulated model protein lysozyme can be tai-
lored by variation of the composition of PEG
block, when this polymer is covalently bonded
in the hydrophobic poly(butylene terephtha-
late). In other approach, Yeh et al. 8 verified that
when blends of PEG 8000 and poly acid lactide-
co-glycolide were used to prepared ovalbulmin-
loaded microspheres, the release burst effect
and latency time were reduced due to the for-
mation of pores and channels after dissolution
of the polyethylene glycol present in the matrix
structure followed by the extraction of encapsu-
lated protein.

In this context, the aim of this work was to
evaluate the effect of the addition of polyethy-
lene glycol on the morphology of CAB micro-
spheres and, consequently, on the release pro-
file of carbamazepine (CBZ). CBZ is an anticon-
vulsant drug characterized by a low and irregu-
lar gastrointestinal absorption due to its low wa-
ter solubility. Besides, multiple doses are gener-
ally required in order to maintain plasma levels
in the therapeutic range over a full 24-h period,
leading to the fluctuations of the CBZ plasma
concentration and the appearance of adverse ef-
fects. The development of sustained-release for-
mulations, then, has been carried out to mini-
mize these inconveniences of CBZ administra-
tion and to improve the patient’s compliance
9,10. The microspheres were prepared by the
emulsion-solvent evaporation method and char-
acterized by scanning electron microscopy
(SEM) and Fourier transform infrared spec-
troscopy (FT-IR). The effect of two different for-
mulation variables, molecular weight of CAB,
and the addition of PEG 1500 to the formulation
on drug content, particle size, and CBZ release
rate was verified using a factorial design.

MATERIALS AND METHODS
Materials 

Carbamazepine (CBZ) was obtained from
Nortec (batch 99063003 Brazil). Cellulose ac-
etate butyrate MW 30000 (38% butyril and 13.5%
acetyl content) and cellulose acetate butyrate
MW 70000 (37% butyril and 13.5% acetyl con-
tent) were purchased from Aldrich Chem. Co.,
(Milwaukee, WI, USA). Mineral oil (Delaware,
Brazil), Span 80 (Beraca, Brazil), and PEG 1500
(Synth, Brazil) were used as received. Acetone
and n-hexane (E. Merck, Darmstadt, Germany)
were of analytical grade and acetonitrile (Tedia,
USA) was of HPLC grade.

Preparation of microspheres
CBZ-loaded microspheres were prepared by

an oil-in-oil emulsion method 11. Briefly, 100 mL
acetone solution of CAB (MW 30000, CAB30;
MW 70000, CAB70) or acetone solution of
CAB/PEG 1500 mixtures containing CBZ (inter-
nal phase) were emulsified in 500 mL of mineral
oil containing 2% (w/v) Span 80 (external
phase) using magnetic stirring. The emulsion
was continuously stirred for 24 h at room tem-
perature to allow the acetone evaporation from
the internal phase. The microspheres produced
were filtered, washed three times, each with 50
mL of n-hexane, and then dried under reduced
pressure at room temperature for 4 h. The drug
to polymer ratio and the total polymer concen-
tration in the internal phase were 1:2 and 5.0 %
(w/v), respectively, for all tested formulations.
When the CAB/PEG 1500 mixture was em-
ployed the CAB to PEG ratio was 9:1, as previ-
ously reported 12.

Microsphere characterization
Encapsulation efficiency and CBZ content 

The CBZ content was determined after dis-
solving 30 mg of microspheres accurately
weighed in acetonitrile. The CBZ concentration
was determined by high performance liquid
chromatography (HPLC). A HPLC system (Shi-
madzu, USA) equipped with a UV/VIS detector,
two pumps, and a data workstation were used.
The analysis was carried out using a Supelcosil
LC-18 column (250 x 4.6 mm i.d.; 5 µm; Supel-
co, USA) and the CBZ was detected by UV ab-
sorption at 283 nm. The mobile phase consisted
of acetonitrile/water (45/55; v/v), and the flow
rate was adjusted to 1.5 ml/min. The encapsula-
tion efficiency of CBZ was calculated as being
the difference between the amount of drug ini-
tially added to the formulation and the amount
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found in the microspheres after HPLC analysis.
Finally, the CBZ content in the microspheres (%;
w/w) was estimated. All the analyses were car-
ried out in triplicate.

Morphological examination of microspheres and
particle size determination

The morphological examination of micro-
spheres was carried out using a scanning elec-
tron microscope (Jeol JSM-5800) after the coat-
ing of the samples with gold under vacuum.
The internal structure was visualized after
transversal section of particles and further coat-
ing with gold. The arithmetic mean diameter
was determined after the Ferret diameter mea-
surement of at least 300 particles had been visu-
alized on micrographs obtained by SEM.

Fourier transform infrared spectroscopy (FT-IR)
The FT-IR analysis of microspheres was car-

ried out on a Perkin-Elmer Mod. 16PC FTIR. The
spectra were obtained in the transmission mode
from KBr tablets containing 1% (w/w) of CBZ or
microspheres over the 4000-400 cm–1 wave num-
ber range. When the microspheres were anal-
ysed, the theoretical concentration of CBZ in the
KBr tablets was in the order of 0.2 % (w/w).

In vitro CBZ release evaluation
In vitro release studies were carried out in

900 ml of 1% (w/v) sodium dodecyl sulfate so-
lution maintained at 37° ± 0.5 °C using a stan-
dard USP XXIII apparatus with paddle stirring at
75 rpm (PharmaTest equipment, model PTWS3
connected to a spectrophotometer HP 8452A,
USA). Colorless hard gelatin capsules (size 00)
were filled with microspheres corresponding to
200 mg of CBZ and were placed into the disso-
lution media. Samples were withdrawn at regu-

lar time intervals for 12 hours and were assayed
spectrophotometrically at 284 nm. The samples
were immediately returned to the dissolution
vessels after analysis. Statistical analysis was per-
formed on the area under the curve (AUC) cal-
culated by the linear trapezoidal method.

Factorial design of experiments
A 22 factorial design was performed in order

to evaluate the effect of the independent vari-
ables on the drug content, the particle size, and
the AUC obtained from CBZ release profiles.
The independent variables were the CAB molec-
ular weight and the addition of PEG 1500 to the
internal phase of the emulsion. Table 1 discloses
the independent variables and their levels which
were investigated in the preparation of the mi-
crospheres. The data were evaluated by analysis
of variance (ANOVA).

RESULTS AND DISCUSSION
Microsphere characterization
Encapsulation efficiency and drug content 

The encapsulation efficiency of CBZ and the
drug content in the microspheres varied from 65
to 70% and from 20 to 24% (w/w), respectively
(Table 1). The statistical analysis demonstrated
that the CBZ content in the microspheres de-
creased significantly when the CAB70 was em-
ployed in the formulation (Fcal>Ftab, α =0,05),
but it was not influenced by the addition of PEG
1500, which, in turn, indicates that the molecu-
lar weight of the polymer is the main parameter
governing the drug encapsulation (Table 2).

Morphological examination and particle size
determination

Spherical and compact particles with a

Independent variables

CAB MW PEG 1500

F1 30000 No 72.05 ± 1.63 23.91 ± 0.68 373.4 ± 87.6 8349
424.3 ± 78.2 12261
378.6 ± 75.6 12353

F2 70000 No 60.81 ± 4.41 20.28 ± 1.54 1086.6 ± 66.1 4026
1469.0 ± 147 7859
733.3 ± 158 1838

F3 30000 Yes 70.08 ± 4.38 23.37 ± 1.42 498.0 ± 191 49992
527.1 ± 117 59694
503.1 ± 125 53088

F4 70000 Yes 62.19 ± 2.04 20.73 ± 0.71 1301.0 ± 162 5114
1190.0 ± 203 7322
1206.3 ± 253 6275

Table 1. The independent variables, their levels and values of encapsulation efficiency, drug content, mean par-
ticle size and AUC obtained from CBZ release profiles for each formulation (n=3).

Encapsulation
efficiency

(%)

CBZ content
%

(w/w)

Particle mean
diameter

(µm)

AUC
(% released/

min)

Formulation
(n = 3)
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smooth surface were produced when CAB70
was used as the encapsulating polymer (Figs. 1C
and 1D). In contrast, the surface of CAB30 mi-
crospheres was rougher and the spherical form
of the particles was lost (Figs. 1A and 1B). Usu-
ally, when the emulsion-solvent evaporation
method is used, the increase in the solvent elim-
ination rate during microencapsulation leads to
the formation of rougher particles 13. In this
case, a faster solvent elimination was provided
by the lower viscosity of the CAB30 solution fa-
cilitating its diffusion from the internal phase of
the emulsion, and hence affecting the surface
properties of the particles.

The PEG 1500 addition in the internal phase
of the formulations led to the formation of parti-
cles with a more porous surface (Fig. 2). In ad-
dition, a sponge-like matrix structure was ob-
served when microspheres were prepared from

Drug content Mean diameter AUC
Source

SS MS F
SS MS

F
SS MS

F(x 104) (x 104) (x 106) (x 106)

CAB MW 29.516 29.516 21.94* 152.84 152.84 43.68* 2222.37 2222.37 220.63*
PEG 1500 0.007 0.007 0.005 4.82 4.82 1.38 1514.23 1514.23 150.33*
Interaction 0.730 0.730 0.543 0.275 0.275 0.008 1298.42 1298.42 128.91*
Error 10.76 1.345 27.99 3.49 80.58 10.07

Table 2. Summary of analysis of variance results obtained using drug content, the mean particle size, and AUC
obtained from CBZ in vitro release profiles as dependent variables. CAB molecular weight, 30000 or 70000; PEG
addition to the formulations, yes or no; Ftab (DF= 3,8; α=0.05) = 4.07; * significantly for α = 0.05.

Figure 1. 
SEM
micrographs of
microspheres
prepared without
PEG 1500 addition
in the internal
phase of the
emulsion.
(A) and
(B) CAB30
microspheres
(C) and
(D) CAB70
microspheres.

CAB30 (Figs. 2A and 2B). The increased porosi-
ty observed for the microspheres could be at-
tributed to the elimination of the PEG 1500 from
the internal phase during the microencapsula-
tion process since this polymer is partially solu-
ble in mineral oil. This interpretation is support-
ed by the formation of large pores inside of the
particles as can be observed in the micrographs
obtained from cross-sectioned microspheres
(Figs. 3A and 3B). Specific domains of PEG 1500
are most likely to be formed in the internal
phase of the emulsion before its migration to-
wards to the external phase.

It is also possible to observe the presence of
two carbamazepine crystal forms can also be
seen in the cross-sectioned microspheres (Fig.
3), which indicates the presence of polymorphs
of this drug. Indeed, this important anticonvul-
sant crystallizes as four different anhydrous
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polymorphs (I, II, III and IV) and one dihydrat-
ed form 14. Commercial anhydrous CBZ has
been described as a mixture composed of poly-
morphs I and III, as major constituents, which
correspondingly display a trigonal and a mono-
clinic structure 15. Therefore, the presence of
CBZ polymorphs forms interior of the particles

Figure 2.
SEM
micrographs of
microspheres
prepared with
PEG 1500
addition in the
internal phase
of the
emulsion.
(A) and (B)
CAB30
microspheres
(C) and (D)
CAB70
microspheres.

Figure 3.
SEM micrographs of
microsphere cross
sections prepared
with PEG 1500
addition in the
internal phase of the
emulsion.
(A) and (B) CAB30
microspheres (C)
and (D) CAB70
microspheres.

is to be expected, since the drug is not com-
pletely dissolved in the internal phase of the
emulsion during the preparation of micro-
spheres. Since there has been much confusion
surrounding the naming of CBZ polymorphs
and because morphologically similar trigonal
and triclinic forms are difficult to distinguish
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from one another without the aid of power X-
ray diffraction, the polymorphic differentiation
was not undertaken in this work.

It should be noted that when PEG 1500 was
added to the formulation it was possible to ob-
serve the presence of needle-like crystals of
CBZ on the surface of the microspheres. Con-
versely, microspheres which were prepared
without PEG 1500 displayed crystal-free particle
drug surface (Figure 2). This result suggests that
PEG 1500 affects the location of the drug in the
particle. Most likely, after migration from the in-
ternal phase, the PEG acts as a co-solvent in the
external phase solubilizing an important fraction
of CBZ. After acetone evaporation, the excess of
CBZ precipitates from the external phase and its
crystals are adsorbed onto the surface of the mi-
cropheres.

The mean diameter of the particles varied
from 300 to 1400 µm, according to the formula-
tion tested (Table 1). Release profiles of the
drugs from microspheres are recognized as be-
ing dependent on the particle size. In most cas-
es, the smaller the mean particle diameter, the
shorter the diffusion path for drug release, and
consequently, the faster the release rate 16.
Hence, a statistical analysis was carried out to
verify the effect of the independent variables
studied on this microsphere feature. As can be
observed in Table 2, the particle size increased
significantly when the cellulose acetate butyrate
with the highest molecular weight was used
(Fcal > Ftab; a = 0,05). The effect of the polymer
molecular weight on particle size has been at-
tributed to an increase in the internal phase vis-
cosity. The higher viscosity makes the polymer
solution more resistant to fragmentation into
small droplets[0], which, in turn, leads to the
generation of a coarser emulsion and, subse-
quently, to the formation of larger microspheres.
This result is in agreement with the literature re-
lated to the use of cellulose esters to prepare
microspheres by the emulsion technique: the
larger the polymer molecular weight, the larger
the microspheres 17. On the other hand, the
analysis of variance revealed that the addition of
PEG 1500 to the formulations did not affect sta-
tistically the size of the microspheres (Fcal<Ftab;
a = 0,05). 

Fourier Transformed-Infra Red spectroscopy
The FT-IR spectra obtained from micro-

spheres are shown in Fig. 4. The presence of
CBZ in the microspheres can be demonstrated
by several peaks (Figure 4C and 4D). The peaks

located at 3464 cm–1 and 3284 cm–1 represent
the N-H group and linked N-H groups of the
drug, respectively. The latter probably relates to
the formation of hydrogen bonds between the
NH2 of CBZ and C=O of CAB30. The other CBZ
peaks are related to the C=O at 1678 cm–1, C=C
of aromatic ring at 1604 cm–1, and C-H at 2966
and 1462 cm–1. However, it should be noted
that the typical PEG 1500 peaks at 1450 cm–1,
1110 cm–1, and 960 cm–1 were not seen on the
spectra of the microspheres prepared with the
addition of this polymer (Fig. 4D). This result is
consistent with the hypothesis that PEG 1500
diffuses towards the external phase of emulsion,
and thus is absent in the final structure of the
particle.

Figure 4. FT-IR spectra obtained from (I) Carbamaze-
pine, (II) CAB30, and (III) CAB70 microspheres. (A)
Pure CAB, (B) unloaded microspheres, (C) CBZ-loa-
ded microspheres prepared without PEG 1500 addi-
tion and (D) CBZ-loaded microspheres prepared with
PEG 1500 addition in the internal phase of the emul-
sion.
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In vitro release studies
CBZ release profiles for all tested formula-

tions are shown in Fig. 5. In this study, sink con-
ditions were assured by the addition of 1%
(w/w) sodium dodecyl sulfate to the release
medium, because CBZ solubility was nearly
twelve times greater than the concentration of
the drug after its complete release from the mi-
crospheres. As can be observed in Fig. 5, the use
of a CAB 30/PEG 1500 blend provided a faster
rate of drug release, attaining nearly 100% over
12 hours. In contrast, extremely slow release
rates were obtained for microspheres prepared
from CAB70 or CAB30 without the addition of
PEG 1500. In order to compare the rates of drug
release from the microspheres, a statistical analy-
sis was performed using the AUC values shown
in Table I. As can be seen in Table 2, the calcu-
lated F value was greater than the critical F value
(Fcrit = 4.07; α = 0.05) for both dependent vari-
ables and for the interaction between them. The
value of least significant difference obtained
through application of the Tukey test was
8300.58. When this value was used to compare
the AUC values demonstrated in Table 1, it was
found that the release rate was not affected
when only the CAB molecular weight was
changed, even though the particle size was sta-
tistically reduced for micropheres prepared from
CAB with a smaller molecular weight. On the
other hand, the addition of PEG 1500 as a sec-
ond polymer led to a significant increase in drug
release from the CAB30 microspheres, while the
particle size did not change. However, this effect
was not verified for micropheres prepared from
CAB70 indicating an interaction between the fac-
tors studied. These results can be associated
with the increase in the porosity of the particle
caused by the presence of PEG 1500 in the inter-
nal phase of the emulsion, mainly when CAB 30
is used as a matrix formation polymer.

Figure 5. CBZ release profiles from microspheres.

CONCLUSIONS
The results demonstrated that when PEG

1500 was blended with CAB30 in the internal
phase of the emulsion, the drug content and the
mean particle size the CBZ were not affected,
but the release was significantly increased.
However, this polymer was not found in the
matrix structure of microspheres. PEG 1500 was
eliminated from the internal phase of the emul-
sion during the microencapsulation process
leading to the formation of large pores inside
the particles. Thus, PEG 1500 can be used to
modify the release of drugs from cellulose ester
matrices; however, the magnitude of the effect
produced was also dependent on the molecular
weight of the cellulose derivate, since the effect
of PEG 1500 addition on CBZ release profile
was not observed when CAB70 was used to
produce microspheres.
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