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Abstract

Both an experimental design and optimization techniques were carried out for the
development of chitosan–pectin–carboxymethylcellulose microspheres to improve the oral
absorption of albendazole as a model drug. The effect of three different factors (chitosan,
pectin and carboxy methyl cellulose concentrations) was studied on five responses: yield,
morphology, dissolution rate at 30 and 60 min, and encapsulation efficiency of the
microspheres. During the screening phase, the factors were evaluated in order to identify
those which exert a significant effect. Simultaneous multiple response optimizations were then
used to find out experimental conditions where the system shows the most adequate results.
The optimal conditions were found to be: chitosan concentration, 1.00% w/v, pectin
concentration 0.10% w/v and carboxymethylcellulose concentration 0.20% w/v. The bioavail-
ability of the loaded drug in the optimized microspheres was evaluated in Wistar rats which
showed an area under curve (AUC) almost 10 times higher than the pure drug.
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Introduction

In the last decades, natural polysaccharides and their derivatives
have been widely used as carriers for developing the drug delivery
systems due to their useful characteristics including biocompati-
bility, biodegradability, pH sensitivity and mucoadhesive prop-
erty. Specifically, intermolecular interactions between
polysaccharides of opposite charge lead to the formation of
polyelectrolyte complexes (PECs)1–6.

In this context, the concept of PECs has been applied to the
design of drug delivery systems due to the non-toxic and
biocompatible properties of the PECs components. As described
in the literature, one of the advantages of PECs is their ability to
encapsulate active compounds in the polymeric matrix at
molecular level, altering physicochemical properties of the
active molecules, such as solubility, dissolution stability and
pharmacokinetic properties7–9. It is well documented that micro-
particulate systems prepared by means of PECs offer numerous
advantages over traditional methods of drug delivery, including
tailoring of drug release rates10, protection of fragile drugs11 and
increased patient comfort and compliance12. One of the most
common polysaccharides used for the PECs formation is chitosan
(CH), a cationic polymer obtained from the alkaline deacetylation
of chitin, the principal component of the cuticles of crabs and
shrimps, fungus cells walls and insect cuticles. It is a copolymer
composed of b (1! 4)-linked 2-amino-2-deoxy-D-glucopyranose

units and 2-acetamido-2-deoxy-D-glucopyranose units. CH has
attracted increasing attention due to their favorable properties
including biocompatibility, biodegradability and mucoadhesiv-
ity13–16. In acid medium, the positive-charged amino groups on the
C2 position of CH may react with an anionic group of other
polymers leading to the generation of PECs17. One of the polymers
with the capability of reacting with CH is pectin (P), a natural
polyanion found in the primary cell walls and middle lamella of
dicotyledonous plants. In the last years, the properties of PECs
composed of CH and P have been extensively investigated for the
preparation of colon-specific drug delivery systems18–21.

One of the advantages of PEC microencapsulation method-
ology is attributed to its mild condition without the application of
potentially toxic organic solvents, as opposed to other delivery
systems22,23.

On the other hand, sodium carboxymethylcellulose (CMC)
which is a linear, long-chain, water-soluble, anionic polysacchar-
ide is found in the fibrous tissue. It is an important cellulose
derivative primarily due to its high viscosity, non-toxicity and
non-allergic properties with applications, among others, in the
pharmaceutical, food, paper and textile industries. It has also been
used to form PECs with CH through the interaction of the
positively charged amino group of CH and the negatively charged
carboxylate group of the cellulose derivative, at the appropriate
pH. Complexes of CH with CMC have been evaluated as a tool for
drug delivery in order to provide the required physicochemical
properties for the design of specific drug delivery systems24,25.

Albendazole (ABZ), methyl (5-[propylthio]-1 H-benzimidazol-
2-yl) carbamate, a benzimidazole derivative was selected as a
model drug, which is poorly soluble in water (1 mg/mL). It is
included into Class II of the Biopharmaceutical Classification
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System, since its low solubility is a major obstacle in the
development of oral solid dosage form with appropriate bio-
pharmaceutical properties26,27. As already described, the dissol-
ution characteristics of ABZ represent a great challenge because
they are the rate-limiting in the drug absorption process after
oral administration28. Several attempts to increase the aqueous
solubility/dissolution rate of ABZ by means of freeze-drying,
spray-drying, ionic gelation and emulsification with or without
cross-linking agents have been reported29–33. However, there is no
information available about in vitro/in vivo performance of ABZ
encapsulated into microspheres of CH-based PECs prepared with
P and CMC.

Therefore, the aim of this work was to study the production of
ABZ–PEC–microspheres using the spray-drying methodology.
Experimental design and specific response surface analysis34–36

were applied to improve the properties of the ABZ formulations.
The effect of three factors (CH, P and CMC concentrations)

was evaluated, in order to distinguish those which have a
significant effect on five responses: yield (Y), morphology (M),
encapsulation efficiency (EE) and dissolution rate at 30 (Q30) and
60 (Q60) min. In addition, the bioavailability of the optimal
formulation was evaluated as compared to the untreated drug.

Materials and methods

Materials

ABZ, P (MW4180 kDa) and sodium CMC (MW4250 kDa) were
supplied by Sigma-Aldrich Chemie GmbH (Steinheim, Germany)
and CH by Aldrich Chemical Co. (MW4300 kDa, degree of
deacetylation485%) (Milwaukee, WI). All other chemicals were
of analytical grade.

Methods

Preparation of ABZ–CH microspheres

Microspheres were prepared by the spray-drying method, per-
formed according to the following procedure: ABZ (100 mg) was
dissolved at room temperature in glacial acetic acid and distilled
water was added to obtain a concentration of 30% v/v. A given
amount of CH was dispersed in the acetic acid solution. CMC and
P solutions were prepared by dissolving in 100 mL of water and
stirred for 2 h. The concentrations of the polymer solutions
depended on the experimental design (Tables 1 and 2). The
polymer solutions were heated at 45 �C and then the binary
system CMC-P was slowly dropped over ABZ–CH solution,
avoiding the aggregate formation. The spray-drying conditions
were in accordance with Piccirilli et al.37. The spraying procedure
was carried out with a Mini Spray Dryer Buchi B-290 (Flawil,
Switzerland). The following parameters remained constant:
airflow rate 38 m3/h, feed rate 5 mL/min and aspirator set at
100%. The spray-drying inlet temperature was set at 130 �C; the
outlet temperature was recorded at 70 �C.

Characterization

The yield (Y), EE and dissolution profiles were performed in
accordance with Leonardi et al.35.

Yield determination

The yield (Y) was calculated as the ratio between the experimental
weight of product and the sum of the weights of all components:

Y %ð Þ ¼ 100� Wproduct= WABZ þWCH þWP þWCMCð Þ
� �

ð1Þ

where Wproduct is the weight of the obtained microspheres and
WABZ, WCH, WP and WCMC are the weights of ABZ and ionic
polymers, respectively.

Determination of ABZ content in microspheres

The EE is defined as the percentage of the actual content of drug
encapsulated in the polymeric carrier, relative to the initial
amount of loaded drug. For the EE determination, microspheres
were dissolved in 0.1 N HCl for 24 h. The amount of loaded drug
was determined by spectrophotometer measurements at 291 nm
with a Boeco S-26 spectrophotometer (Hamburg, Germany),
according to:

EE %ð Þ ¼ 100� WABZ=Wtð Þ ð2Þ

where WABZ is the actual ABZ content and Wt is theoretical ABZ
content in the microspheres.

Dissolution studies

The microspheres were subjected to dissolution assays in an USP
Standard Dissolution Apparatus Hanson Research SR8 Plus
(Chatsworth, CA), equipped with a rotational paddle (50 rpm).
The dissolution medium (900 mL of 0.1 N HCl) was maintained at
37 �C. Microspheres containing ABZ (100 mg) were introduced
into the flasks, and the time counter was set to zero. Samples were
measured in triplicate at 10, 30, 60, 90, 120, 180, 240, 300 and
360 min.

Samples of 5 mL were taken using a filter, and the amount of
ABZ released was determined. The polymers were found not to
interfere with the assay at the working wavelength (291 nm).

Table 1. Plackett–Burman design.

Run
P %
w/v

CH %
w/v

CMC %
w/v Y (%) Q30 (%) Q60 (%) EE (%)

1 0.00 1.00 0.00 100 58.0 67.4 83.93
2 0.40 1.00 0.10 64.8 47.2 71.6 98.29
3 0.40 0.40 0.00 63.7 47.4 57.0 97.72
4 0.00 1.00 0.10 85.4 57.0 82.0 81.06
5 0.40 0.40 0.10 68.4 27.0 41.3 96.07
6 0.00 0.40 0.00 83.7 75.1 85.8 86.86
7 0.40 1.00 0.00 51.6 57.8 79.0 95.68
8 0.00 0.40 0.10 71.4 56.8 70.0 92.08
9 0.40 1.00 0.00 58.0 55.1 78.5 95.38

10 0.00 1.00 0.10 83.5 49.5 76.0 83.60
11 0.40 0.40 0.10 76.3 49.1 65.7 94.60
12 0.00 0.40 0.00 83.8 75.7 84.3 84.89

Table 2. Central composite design used for the optimization of the
responses.

Run
CH %
w/v

P %
w/v

CMC %
w/v Y (%) EE % Q30 (%) Q60 (%)

1 0.60 0.25 0.11 63.78 88.47 40.20 63.30
2 1.00 0.40 0.20 61.58 97.49 43.25 66.72
3 1.00 0.10 0.01 85.58 80.04 56.61 79.31
4 0.20 0.40 0.20 59.85 92.52 21.41 29.51
5 0.60 0.25 0.26 63.70 101.10 49.36 72.25
6 0.10 0.25 0.11 66.91 95.27 27.45 37.69
7 0.60 0.00 0.11 78.73 81.28 56.06 76.85
8 0.60 0.25 0.11 73.94 88.11 43.50 66.20
9 1.00 0.10 0.20 72.28 95.86 49.37 68.08

10 0.60 0.50 0.11 64.97 95.85 31.39 48.95
11 0.60 0.25 0.11 69.88 88.76 35.43 55.43
12 0.60 0.25 0.00 78.18 88.36 50.71 73.90
13 0.20 0.40 0.01 63.36 87.30 50.04 72.30
14 0.20 0.10 0.20 67.55 97.56 21.28 28.24
15 0.20 0.10 0.01 62.27 87.46 76.60 89.50
16 1.27 0.25 0.11 73.99 85.17 41.50 67.50
17 1.00 0.40 0.01 67.29 95.64 52.60 69.20

2 A. Garcı́a et al. Drug Dev Ind Pharm, Early Online: 1–9
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An equal volume of the same medium was added to keep a
constant volume.

Stability studies

The long-term stability of the microspheres after 14 months at
25 �C was evaluated by means of high-performance liquid
chromatography (HPLC) analyses (Hewlett-Packard 1100 Series
instrument, equipped with a manual injector, a quaternary pump
which includes on line vacuum degasser and a diode array
detector). The column used was a LiChroCART� 250-4
LiChrospher� 100 RP-18 (250� 4 mm I.D, 4 mm).

The methodology was an adaptation of the European
Pharmacopoeia, 8th ed.38. The mobile phase consisting of a
solution of ammonium dihydrogen phosphate (1.67 g/L) and
methanol at a ratio of 3:7, the flow rate was 0.7 mL/min, the
detection wavelength was 254 nm and the injection volume was
20mL. Under these conditions, the retention time for ABZ was
11.2 min. The linearity was studied at the range between 2 and
100mg/mL and the correlation coefficients were 0.999. The
specificity of the method was evaluated by means of the peak
purity determination method using a diode array detector. The
microspheres were dissolved in 5 mL of methanol: sulfuric acid
(99:1) and diluted to 50.0 mL in the mobile phase.

Evaluation of the microspheres

Morphology by scanning electron microscopy
(SEM). Morphology was determined by using SEM in a Leitz
SEM AMR 1600 T. Samples were previously sputter-coated with
a gold layer in order to make them conductive. The characteristics
of the SEM images were analyzed using Image-pro Plus (IPP)
software 6.0. About 200 particle diameters were considered in
each particle size distribution calculation39,40.

Determination of bulk density and tapped density. Bulk and
tapped density were measured indirectly through the apparent
volume, as described in the European Pharmacopeia38. An
accurately weighed quantity of the powder (W), was carefully
poured into the graduated cylinder and the volume (Vo) was
measured.

Bulk density (Dc) was determined by slowly pouring the
samples into a graduated glass cylinder to complete 60% of the
container volume. The total volume in bulk density measurements
included particle volume, inter-particle void volume and internal
pore volume.

Tapped density (Da) was determined by applying a controlled
packing force to the sample and the interstitial volume and pore
volume were included in its calculations. The graduated cylinder
was covered with a lid, and placed into the density determination
apparatus. The volume (Vf) was measured and the operation
carried on until two consecutive readings were equal.

Bulk density and tapped density were calculated using the
following formulae:

Bulk density Dcð Þ ¼ W=Vo ð3Þ

Tapped density Dað Þ ¼ W=Vf ð4Þ

where W: weight of the powder, Vo: initial volume and Vf: final
volume.

Inter-particle porosity (Ie) of the particle powder was
calculated by the following equation:

Ie ¼ Dc� Dað Þ= Dc� Dað Þ ð5Þ

Determination of Carr’s Index and Hausner ratio

The Carr index (CI%) in the quotient between the bulk and tapped
densities expressed as a percentage. The compressibility percent-
age indirectly gives an idea of the cohesion, size uniformity and
surface area of powders41.

CI was computed from Da and Dc using the following
equation:

CI %ð Þ ¼ 100� Dc� Dað Þ=Dc ð6Þ

The Hausner ratio (HF) is the relationship between Dc and Da
and it is related to interparticle friction. It was calculated from Da
and Dc using the following expression:

HF ¼ Dc=Da ð7Þ

Analysis of angle �

Angle of repose (�) was calculated employing the following
equation:

� ¼ tan�1h=r ð8Þ

where h and r were obtained from the three dimensional cone-like
pile of the material obtained after the product was passed through
a funnel (height 9.5 cm, upper diameter of spout 7.2 cm, internal
diameter at the bottom, narrow end of spout 1.8 cm). The funnel
was placed on a support at 20 cm from the table surface, centered
over a millimeter grid sheet. The narrow end of the funnel spout
was plugged and the funnel was filled with the microspheres
until it was flushed with the top end of the spout when smoothed
with a spatula. Thereafter, the plug was removed and the
microspheres were allowed to fall onto the millimeter sheet.
The radius of the cone base was measured with a slide caliper and
the mean value (r) was calculated. Additionally, the cone height
(h) was measured and finally the angle tangent value (�) of the
cone was obtained38.

Software

The software Design Expert version 7.0.3 (Stat-Ease Inc.,
Minneapolis, MN) was used to perform the experimental
design, polynomial fitting and analysis of variance (ANOVA)
study.

Experimental design

An expanded Plackett–Burman design (Table 1) was built in order
to estimate the main factors affecting the properties of formulated
particles. These factors were evaluated at three levels and a
triplicate central point was added to the Plackett–Burman design
in order to provide higher information content for the analysis. An
ANOVA test was applied to the experimental data corresponding
to the design, using the effect of the dummy variables to obtain an
estimate of standard errors in the coefficients. After that, a
systematic optimization procedure was carried out using response
surface methods (RSM), in order to estimate the values of the
most important factors leading to the best compromise between
maximum responses values. A central composite design was used
to apply RSM, in accordance with 17 experiments (combinations
of the selected factors) to find the optimal conditions. Finally, a
comparison between expected and experimental values obtained
with optimized conditions was drawn. Four phases were taken
into account to carry out the procedure: (a) screening the
influential factors with a Plackett–Burman design, (b) building a
response surface model, (c) finding the optimal conditions and (d)
experimental verification.

DOI: 10.3109/03639045.2013.858737 Albendazole microspheres by experimental design 3

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
20

1.
23

1.
90

.5
0 

on
 1

1/
21

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Batch reproducibility

Three batches of the optimal formulation were prepared and their
release characteristics were evaluated. In vitro release data
pertaining to reproducibility studies were compared using f 2
metric (similarity factor) values42.

Pharmacokinetic analysis

Animals. The optimized microspheres, the control group
(unloaded microspheres) and a suspension of ABZ in distilled
water were administrated orally to male Wistar rats (250–300 g)
in a single dose. The control group was measured to compare the
plasma curves after the oral administration of the three
formulations.

The rats were allowed to access to standard laboratory diet
and water ad libitum, freely prior to the experiment and
received care in compliance with international regulations.
Experiments with animals were carried out according to the
ethical standards formulated in the Declaration of Helsinki, and
measures were taken to protect animals from pain or discom-
fort. The protocol was approved by the Animal Care and
Use Committee of the National University of Rosario
(Permit Number: 648/2012).

The formulations were administered orally via bucco-gastric
tube. Three groups of animals (n¼ 3) were used to evaluate the
bioavailability of the formulations. Group 1: ABZ suspended in
water, group 2: ABZ microspheres, group 3: unloaded micro-
spheres, as a control group. Each ABZ dosage form was
administered at doses of 5 mg/kg. After drug administration,
blood samples were collected from the tail vein, at the following
time intervals 15, 30, 45, 180, 300, 500 and 1440 min. Lastly,
the blood samples were individually heparinized and
centrifuged.

Analytical procedure

Samples of plasma were added to 1 mL of methanol (Mallinekradt
Chemicals, Milwaukee, WI) in a glass test tube and stored at
�20 �C. Residual protein was then separated through centrifuga-
tion (12 000�g 4 �C for 12 min).

Samples were concentrated to dryness in a vacuum concen-
trator and then reconstituted with 500 mL of mobile phase until
they were analyzed by a validated HPLC-UV (HPLC Hewlett-
Packard 1100) method43,44.

Samples of 50 mL were injected and the analytes were eluted
(flow 1.2 mL/min) from the analytical column using a linear
gradient method as reported. The main metabolite, albendazole
sulfoxide (ABZSO), was identified by the retention time of pure
reference standard. Standards of ABZ and ABZSO were used for
the analytical examination of samples.

Bioavailability parameters

The concentration versus time curves for ABZSO in plasma for
each individual animal after the different treatments were fitted
with PK Solution 2.0 (Summit research services, Ashland, OH).
Biexponential concentration–time curves for ABZ after the oral
treatment were used.

The peak concentration (Cmax) and time of peak concentration
(Tmax) were shown in the plotted concentration–time curve of
each administered formulation. The AUC0–1 was calculated
as the sum of AUC0–24 and AUC24–1. Also, the AUC0–24 was
calculated by the trapezoidal rule method and AUC24–1
was estimated as the quotient between C24 and Ke. The Ke

value was calculated as a slope, from the final phase of the
ln(concentration) � time curves.

Statistical analysis

Results are presented as mean� SD and the number of animal
treated was three for each formulation. Statistical significance of
the differences between values was assessed by ANOVA followed
by Scheffe’s multiple range tests (Stat graphics, Statistical
Graphics System, Rockville, MD).

Results and discussion

Screening phase

A satisfactory microspheres formulation depends on many factors;
therefore, a Plackett–Burman design was built for estimating the
main factors affecting its properties. The analyzed factors were:
CH, P and CMC concentrations and its ranges were selected based
on prior knowledge about the system under study. The evaluation
consisted in analyzing the responses (Y, Q30, Q60, EE and M) in all
the conditions are quoted in Table 1. M is a categorical response,
and hence values of 1 or 0 were assigned to analyze the
morphology: a value of 0 indicates the tendency to form
microspheres, while a value of 1 implies a tendency to form
microspheres having different non-spherical forms.

Half-normal probability plots for the analyzed responses were
built (data not shown) P, CH and CMC concentrations were found
to be important factors (values of p50.05). The responses Y and
Q30 showed some dependence mainly on the factors P and CMC
concentrations. On the other hand, the responses EE and Q60

depend mainly on P concentration. Finally, the response M was
not significantly influenced by any factor (data not shown). All
the microspheres obtained showed a regular morphology which
was not included in the optimization process.

Response surface design

Due to the fact that the three selected factors had a significant
effect on the responses, a systematic optimization procedure was
carried out using RSMs. The aim of this procedure is to estimate
the best compromise between maximum dissolution rate at 30 and
60 min, maximum yield and EE. A central composite design was
used to apply the RSM, which were combinations of the selected
factors in the following ranges: CH concentration from 0.10% to
1.27% w/v, P concentration from 0.10% to 0.50% w/v and CMC
concentration from 0.01% to 0.20% w/v (Table 2). All experi-
ments were performed in random order to minimize the effects of
uncontrolled factors that may introduce a bias on the
measurements.

The responses for all the experiments were fitted to polynomial
models, using backward elimination to estimate the best models.
These results indicated that a quadratic model better explains the
behavior of the responses Q30 and Q60, while a linear model is
appropriate for EE and Y. A complete ANOVA for the four studied
responses is shown in Table 3. Only significant lack of fit was
found in EE analysis, which could be explained by the extremely
low pure error for this response (Table 3).

The coefficient estimated the uncertainties for the four studied
responses and the equations were obtained by means of applying a
linear model for the responses Y (Equation (9)) and EE (Equation
(10)) or a quadratic model for the responses Q30 (Equation (11))
and Q60 (Equation (12)) (Table 4). As expected, satisfactory
values of the remaining response M were obtained in all runs (as
could be anticipated from Plackett–Burman results).

The four responses, as suggested by the analysis of the effect
discussed above, were simultaneously optimized (Figure 1):
dissolution rate (Q30 and Q60), Y and EE which were desirable
to be maximum. After the optimization procedure was carried out,
a response surface for the global desirability function was built as
a function of the influencing factors. The function desirability (D)

4 A. Garcı́a et al. Drug Dev Ind Pharm, Early Online: 1–9
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ranges from 0 (value totally undesirable) to 1 (all responses are in
a desirable range simultaneously) and is defined by Equation (13),
where d1, d2, . . ., dN correspond to the individual desirability
function for each response being optimized:

D ¼
YN
n¼1

ðdnÞwn

" #
1=�wnN

n¼1 ð13Þ

where wn is a weight which controls the relative importance of
each of the analyzed factors. In the present work, all weights were
set to unity, so, a simplified version of Equation (14) was
employed.

D ¼
YN
n¼1

dn

" #1=N

ð14Þ

The optimal conditions were found to be: CH concentration,
1.00% w/v, P concentration 0.10% w/v and CMC concentration
0.20% w/v.

As can be seen in Figure 1, lower P concentrations and higher
CH concentrations produced faster dissolution rates and higher Y.
However, better EE values were obtained at higher P concentra-
tions but lower CH concentrations. The EE was increased when
CMC was employed at higher concentrations, but better values of
Y and dissolution rate were obtained at low CMC concentrations.
It is important to highlight that the evident competition between
CMC and P to achieve a better ionic interaction with CH governs
the dissolution behavior.

Therefore, we chose as the best conditions those corresponding
to the design point, which were closer to the region suggested by
the desirability function. The desirability function at this point
yields a value of D¼ 0.64, which we consider to be adequate for
our purposes.

Experimental verification

The optimal conditions for the preparation of microspheres were
verified by independent additional experiment. The experimental
results were in agreement with the target values, and the

Table 3. Complete ANOVA table for the four studied responses.

Source
Sum of
squares DF*

Mean
square F value Prob4F

EE Model 330.11 2 165.05 9.33 0.0027
B 97.32 1 97.32 5.50 0.0343
C 232.80 1 232.80 13.15 0.0027
Residual 247.79 14 17.70
Lack of fit 247.58 12 20.63 194.57 0.0051
Pure error 0.21 2 0.11
Cor total 577.90 16

Y Model 523.00 3 174.33 7.86 0.0030
A 160.95 1 160.95 7.25 0.0184
B 252.34 1 252.34 11.37 0.0050
C 109.39 1 109.39 4.93 0.0448
Residual 288.49 13 22.19
Lack of fit 236.19 11 21.47 0.82 0.6672
Pure error 52.31 2 26.15
Cor total 811.49 16

Q30 Model 2602.78 5 520.56 10.77 0.0006
A 213.58 1 213.58 4.42 0.0594
B 444.62 1 444.62 9.20 0.0114
C 1174.07 1 1174.07 24.29 0.0005
C2 583.82 1 583.82 12.08 0.0052
AC 567.17 1 567.17 11.73 0.0057
Residual 531.75 11 48.34
Lack of fit 498.82 9 55.42 3.37 0.2499
Pure error 32.92 2 16.46
Cor total 3134.53 16

Q60 Model 4020.98 5 804.20 11.62 0.0004
A 901.51 1 901.51 13.02 0.0041
B 402.61 1 402.61 5.81 0.0345
C 1510.53 1 1510.53 21.82 0.0007
C2 659.43 1 659.43 9.52 0.0104
AC 1020.16 1 1020.16 14.73 0.0028
Residual 761.61 11 69.24
Lack of fit 699.49 9 77.72 2.50 0.3181
Pure error 62.11 2 31.06
Cor total 4782.59 16

*DF, degrees of freedom.

Table 4. Coefficient estimates and their uncertainties for the four studied responses.

Factor
Coefficient

estimate DF*
Standard

error Final equation in terms of coded factors

Y Intercept 69.06 1 1.14 Y¼ 69.06þ 3.61*A� 4.31*B� 3.02�C Equation (9)
A 3.61 1 1.34
B �4.31 1 1.28
C �3.02 1 1.36

EE Intercept 90.80 1 1.02 EE¼ 90.80þ 2.67*Bþ 4.40 *C Equation (10)
B 2.67 1 1.14
C 4.40 1 1.21

Q30 Intercept 38.19 1 2.40 Q30¼ 38.19þ 4.16*A� 5.72*B� 10.32*Cþ 8.44*C2þ 8.42*AC Equation (11)
A 4.16 1 1.98
B �5.72 1 1.88
C �10.32 1 2.09
C2 8.44 1 2.43
AC 8.42 1 2.46

Q60 Intercept 56.47 1 2.87 Q60¼ 56.47þ 8.54*A� 5.44*B� 11.70*Cþ 8.97*C2þ 11.29*AC Equation (12)
A 8.54 1 2.37
B �5.44 1 2.26
C �11.70 1 2.51
C2 8.97 1 2.91
AC 11.29 1 2.94

*DF, degrees of freedom.
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differences found are within the range of the analytical measure-
ment error (Table 5).

The dissolution profile for a formulation obtained in the
selected conditions was contrasted with untreated ABZ
(Figure 2a). As can be seen, the microspheres formulation
showed an enhanced dissolution rate for ABZ, in comparison with

the untreated drug. Microspheres obtained in the optimal
conditions have spherical shape. The shape and surface morph-
ology of the microspheres were observed by SEM (Figure 2b).
The mean diameter was 2.8 mm� SD 1.9, the minimum particle
size observed was 0.8mm and the maximum particle size was
10.7 mm39,40.

Figure 1. Response surface plots for the global desirability function (a), yield (b), EE (c), Q30 (d) and Q60 (e) as indicated.
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Batch reproducibility

Three batches of the optimal formulation were prepared and the
dissolution rate was performed as previously described in section
‘‘Dissolution studies’’. No significant differences were observed
in the release profiles of the formulations between different
batches, as indicated by f2 metric (similarity factor). The obtained
f2 values were 76.75, 64.04 and 61.94. Due to the fact that f2
values higher than 50% showed no significant differences between
batches, this study indicated that the formulation methodology
employed was found to be suitable for formulation of ABZ
microspheres.

Stability studies

Stability studies were performed for the optimal microsphere
formulation after 14 months. Microspheres were stored in glass
bottles at room temperature (25 �C) and evaluated for any change
in shape and structural integrity by microscopic examination and
residual drug content.

The results revealed that no considerable changes in shape and,
thus, no significant differences in drug content were observed.
The mean ABZ content was 96� 1% at 25 �C.

Microspheres characterization, evaluation and flow
properties

The results were obtained in triplicate in accordance with the
described methodology. The values for the microspheres were:
Da¼ 0.338; Dc¼ 0.575; Ie¼ 1.214; CI¼ 41.16; HF¼ 1.698 and,
finally, the angle of repose �¼ 38.48. These parameters indicate
that microspheres presented poor compressibility and flow
properties, clearly indicated by the relationship between CI and
�. Additionally, the HF results suggested a high cohesive and an
inadequate flow behavior. Therefore, in order to be able to
formulate a suitable blend, one or more excipients must be added
to improve the poor indices and parameters.

Pharmacokinetics studies

The bioavailability of the ABZ-loaded microspheres was
evaluated. The pharmacokinetics data are shown in Figure 3.
ABZ, as a parent drug, was not detected in plasma. ABZSO, the
active metabolite, was detected in plasma during 1440 min (24 h).
The studies did not reveal significant results with the control
group. Microspheres obtained under the optimal conditions
showed a better AUC0–1 in comparison with the unloaded
drug. Clearly, a significant increase in the AUC data was obtained
with the novel formulation. The optimized microspheres showed
an AUC almost 10 times higher than the pure drug and the Cmax

was 1274 ng/mL, in comparison with the Cmax obtained by the
oral administration of ABZ without any treatment was 179 ng.
The Tmax observed after 300 min of the oral dose was remarkably
modified, in comparison with the pure drug. In accordance with
the dissolution profiles performed (Figure 2a), as described by
Dib et al.43, the rate of dissolution of ABZ in the gastrointestinal
tract was thought to be extremely important in achieving adequate
absorption and the consequent availability. The ABZ formulations
must dissolve at the stomach pH. The comparative plasma
pharmacokinetic plots revealed substantial increased concentra-
tions and AUC values after the oral administration of the
microsphere formulations. This novel formulation could contrib-
ute to evaluate anthelmintic activity, with improved absorption
parameters. The results clearly showed the advantages of
administrating oral microparticulate system in comparison with
the aqueous suspension of ABZ to improve the therapeutic
alternatives to treat some helminthiasis.

Table 5. Comparison between expected and experimental values obtained
with optimized conditions.

Response
Predicted

value
Experimental

value

Yield (%) 73.96 74.04
Encapsulation efficiency (%) 91.67 92.09
Dissolution rate (Q30) 49.86 44.16
Dissolution rate (Q60) 74.65 67.55

Figure 2. (a) Dissolution profile of 100 mg ABZ pure drug and the same dosage prepared according to optimized ABZ microspheres. (b) Scanning
electron microscopy (SEM) ABZ microspheres.

Figure 3. Plasma concentration of ABZSO after the oral administration
of ABZ (pure drug), and the optimized ABZ microspheres.
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Conclusions

This experimental design approach could be successfully used in
the development of microsphere formulations of ABZ with
predictable morphology, entrapment efficiency, yield and drug
release properties. Particularly, the experimental design allowed
the simultaneous evaluation, by a response surface study, of the
effects of the selected variables: % of the ionic polymers (CH, P
and CMC concentrations) on five responses: the yield (Y),
morphology (M), dissolution rate at 30 (Q30) and 60 (Q60) min
and EE. The optimal conditions were found to be: CH concen-
tration, 1.00% w/v, P concentration 0.10% w/v and CMC
concentration 0.20% w/v. The experimental values of the
responses obtained from the optimized microsphere formulations
were very close to the predicted values, demonstrating the actual
reliability and usefulness of the assumed model in the preparation
of ABZ microspheres with optimized and predictable properties,
suitably adaptable to obtain the desired drug release profile. It can
be expected that this application of experimental design tools
could be useful for further formulation studies, where micro-
spheres with different drug release profiles could be required.
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