Gada et al., IJPSR, 2019; Vol. 10(4): 1856-1864.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

IJPSR (2019), Volume 10, Issue 4

(Research Article)

Received on 04 August 2018; received in revised form, 22 October 2018; accepted, 26 October 2018; published 01 April 2019

DESIGN AND OPTIMIZATION OF ZIDOVUDINE LOADED URIDDALL MUCILAGE
MICROSPHERES, USING BOX BEHNKEN METHOD
Santosh G. Gada * 1, Y. Anandkumar 2 and C. Mallikarjun Setty 3
Department of Pharmaceutics 1, KCT College of Pharmacy, Gulbarga - 585104, Karnataka, India.
Department of Pharmaceutics 2, V. L. College of Pharmacy, Raichur - 584103, Karnataka, India.
Department of Pharmaceutics 3, Oxford College of Pharmacy, Bengaluru - 560068, Karnataka, India.
Keywords:
Mucoadhesive,
Mucilage, Microspheres,
Sodium alginate, Optimization
Correspondence to Author:
Santosh G. Gada
Assistant Professor,
Department of Pharmaceutics,
KCT College of Pharmacy, Gulbarga 585104, Karnataka, India.
E-mail: gadasantosh@yahoo.co.in

ABSTRACT: Objective: The objective of the current investigation is to
study the combined influence of sodium alginate, uriddall mucilage and
calcium chloride on drug encapsulation efficiency and particle size of
microspheres. Zidovudine-loaded sodium alginate based uriddall
mucilage microspheres were prepared by the solvent evaporation method.
Further, optimization of the formulation was done using a three-factor,
three levels of Box-Behnken design (BBD). Microspheres were subjected
to surface morphology and in-vitro dissolution studies. Sodium alginate
alone or in combination with uriddall mucilage and calcium chloride has
a substantial influence on encapsulation efficiency and particle size of
microspheres. Optimized formulation was obtained using desirability
approach of numerical optimization. The experimental values of drug
encapsulation efficiency and particle size for the optimized formulation
were found to be 83.12 ± 1.38%, and 846.56 ± 2.56 μm respectively,
which were in close agreement with those predicted by the mathematical
models. The drug release was also found to be slow and extended for
more than 12 h, and release rates were fitted to the Power law equation
and Korsmeyer-Peppas model to compute the diffusion parameters. The
Box-Behnken design demonstrated the role of the derived equation and
contour plots in predicting the values of dependent variables for the
preparation and optimization of zidovudine loaded sodium alginate based
udiddall mucilage microsphere.

INTRODUCTION: The mucoadhesive polymer
containing oral drug delivery systems can prolong
the residence time of drugs at the absorption site
and facilitate intimate contact with the underlying
absorptive surface to enhance bioavailability 1.
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Polymers used in the mucoadhesive formulations
include natural, semi-synthetic and synthetic ones.
In recent years, a growing interest has been
identified in the development of natural polymerbased drug delivery systems due to their
biodegradability,
biocompatibility,
aqueous
solubility, swelling ability, easy availability, and
cost-effectiveness 2. Amongst various natural
polymers, alginates have been widely used in the
development of drug delivery applications 3-6.
Sodium alginate (SA) undergoes ionotropicgelation by Ca2+ to form calcium alginate due to
ionic interaction.
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Sodium alginate has mucoadhesive property;
however, the cross-linked alginates are usually
fragile 7, 8. Therefore, the blending of different
mucoadhesive polymers is one of the most popular
approaches to formulate ionotropically cross-linked
alginate-based mucoadhesive spheres 7, 9, 10. Again,
blending with suitable polymers, may improve the
drug encapsulation, which is found comparatively
lower in alginate-based beads prepared by
ionotropic gelation method 6.
In recent years, plant mucilages have evoked
tremendous interest due to their diverse
applications in pharmacy, for the formulation of
both solid and liquid dosage forms 11. Mucilages
are pharmaceutically important polysaccharides
with a wide range of applications such as
thickening, binding, disintegrating, suspending,
gelling, emulsifying, stabilizing agents and also as
release retardants 12.
With the increase in demand for natural mucilages,
it has become necessary to isolate and evaluate the
newer sources of mucilages to meet the needs. The
seeds of Vigna mungo swell and form a gelatinous
mass when it comes in contact with water due to its
hydrophilic nature 13. Vigna mungo also referred to
as the urd bean, urid, black gram, black lentil or
white lentil is a bean grown in southern Asia. It is
food legume and belongs to family Leguminosae 14.
Zidovudine hydrochloride is a class of nucleoside
reverse transcriptase inhibitor, has been used for
successive treatment for HIV/AIDS infection. It
works by selectively inhibiting the viral reverse
transcriptase, an enzyme, so that the viral
replication process inhibited and leads to patient
clinical and immunological responses 15, 16.
Zidovudine
is
classified
under
the
Biopharmaceutical Classification System (BCS) as
a class III drug, has a short biological half-life, and
undergoes extensive first-pass metabolism. Due to
first pass metabolism average bioavailability is
approximately 63%. More than 75% of the
administered dose of Zidovudine is metabolized by
the liver through glucuronidation which is inactive
and the remaining 20% is excreted unchanged in
urine 17, 18. Long term therapy of zidovudine can
have severe side effects such as bone marrow
toxicity resulting in granulocytopenia and anemia
19
. These side effects are dose-dependent. The
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toxicity can be reduced by reducing the dose and
minimizing the plasma level fluctuation 20, 21.
Therefore, it would be beneficial to develop a
mucoadhesive microspheres of zidovudine using
sodium alginate based uriddall mucilage for oral
use, which might facilitate an intimate contact with
the mucous membranes (i.e., mucoadhesion or
bioadhesion) in the gastrointestinal tract, and thus
the residence could be prolonged to release
zidovudine at a controlled rate over an extended
period to maximize the therapeutic effect.
In the development of any pharmaceutical
formulation, an important issue is to design a
formulation with optimized quality in a short
period and a minimum number of trials 22, 2 3.
Traditionally, pharmaceutical formulators develop
various formulations by changing one variable at a
time while keeping others fixed. This classical
method is laborious and time-consuming. However,
many experiments do not succeed their purpose
because they are not properly thought outland
designed, and even the best data analysis cannot
compensate lack of planning. Therefore, it is
essential to understand the influence of formulation
variables on the quality of formulations with a
minimal number of experimental trials and
subsequent selection of formulation variables to
develop optimized formulation using established
statistical tools 24-26. Factorial designs, where all the
factors are studied in all possible combinations, are
considered the most efficient in estimating the
influence of individual variables and their
interactions performing minimum numbers of
experiments 27.
A computer-aided optimization technique based on
32 (three factors and three levels) factorial design
and response surface methodology was employed
to investigate the effects of three independent
process variables (factors), sodium alginate,
uriddall
mucilage
and
calcium
chloride
concentration on the properties of zidovudine
loaded ionotropically gelled uriddall-alginate
microspheres such as drug encapsulation efficiency
and particle size of microsphere.
MATERIALS AND METHODS:
Materials: Zidovudine gift sample was obtained
from Hetero Drugs Pvt. Ltd., Hyderabad. Sodium
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alginate and Calcium chloride were purchased from
Loba chem Pvt. Ltd., Mumbai. Uriddall purchased
from local market. All other ingredients and
reagents used were of analytical grade.
METHODS:
Statistical Experimental Design: The traditional
method is a time wasting process because during
the formulation it is essential to alter one factor at a
time 28, 29. The traditional method fails to study the
interactions effects among the factors if more than
one factor can affect the final formulation
properties 28. Therefore, by using a statistical
approach, a three-factor, three-level Box-Behnken
design (BBD) Design-Expert®11 trial version
software, Stat-Ease Inc., Minneapolis, (USA) was
applied for the optimization of uriddall mucilage
containing zidovudine loaded sodium alginate
microspheres. This Box-Behnken design is suitable
for investigating the quadratic response surfaces
and also helps to accumulate a second order
polynomial equation. This design assists us in
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getting an optimal formulation with execution the
least number of trial runs 30. The design comprised
of simulated center points and other points lying at
the midpoints of each edge of the multidimensional
cube which will describe the section of attention for
assessing the main effects, interactions effects and
quadratic effects of the formulation factors31. The
dependent response variable (Y) of the non-linear
quadratic model was clarified via the resulting
equation32.
Y = b0+ b1X1 + b2X2 + b3X3 + b12X1X2 +b23X2X3 + b13X1X3 +
b11X12+ b22X22+b33X32…….

Where; Y is the dependent response variable
related to each factor level combination, b0 an
intercept and b1-b33 is the regression coefficients
values. X1, X2, and X3 are the main selected
factors, X1X2, X2X3, and X1X3 are the interaction
effects and X12, X22 and X32 are the quadratic
expressions.

TABLE 1: INDEPENDENT PROCESS VARIABLES, CODED UNITS AND THEIR LEVELS USED FOR BOXBEHNKEN DESIGN
Independent process variables
Coded units
Levels
-1 (Low)
0 (Medium)
+1 (High)
Sodium Alginate
X1
5
7.5
10
Uriddall
X2
0
1.0
2
Calcium Chloride (%)
X3
5
7.5
10

The concentration of sodium alginate uriddall
mucilage and calcium chloride was selected as
independent factors X1, X2, and X3 respectively. In
this design, each independent process variables
(factors) has three levels such as high level (+1),
medium level (0) and low level (-1) Table 1. The
seventeen experimental runs were generated by
Box-Behnken design and further proceed to
generate contour plot, 3-D plots, and then
optimization of the microspheres was done. Each of
the experimental run being conducted three times.
Preparation of Zidovudine-loaded Microsphere:
Various formulations of zidovudine drug loaded
microsphere were prepared by utilizing BoxBehnken design employing ionic gelation method
using mucoadhesive polymer sodium alginate
anion and uriddall mucilage in the combination of
Ca2+ as cationic components. Mucoadhesive
polymer sodium alginate and mucoadhesive
mucilage uriddall were dissolved in purified water

(10 ml) separately. Then both the solutions were
mixed to form a homogeneous polymer solution.
The drug was added to the polymer solution and
mixed thoroughly with the help of pestle and
mortar to form viscous dispersion. The resulting
dispersion was added dropwise into calcium
chloride solution (100 ml) through a syringe with
needle (size no. 21) with continuous stirring at 500
rpm. The added droplets were retained in the
calcium chloride solution for 15 min to produce
spherical rigid microspheres. The microspheres
were collected by decantation, and the product thus
separated was washed repeatedly with water and
dried at 45 ºC for 12 h and stored in desiccators.
Determination of Drug Encapsulation Efficiency
and Particle Size Analysis: 100 mg of
mucoadhesive microspheres were accurately
weighed. They were powdered and extracted with
100 ml of methanol. Further, it was serially diluted
with phosphate buffer pH 7.4. The resulting
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solution was analyzed for zidovudine drug content
by measuring absorbance in a UV-spectrophotometer at 266 nm using phosphate buffer pH
7.4 as blank. The studies were carried out in
triplicate. Encapsulation efficiency (%) was
calculated using the formula.
Encapsulation The actual amount of drug encapsulated
× 100
efficiency =
Theoretical drug content

Particle size and size distribution of zidovudine
mucoadhesive microspheres were measured by
sieve analysis using mechanical sieve shaker.
Different sizes in a batch are separated by sieving
using a range of standard sieves 10/22, 22/44 and
the amounts retained on different sieves were
weighed. Studies were carried out in triplicate. The
average sizes of the microspheres were calculated
by using the equation.

Where; Xi- Mean size range; fi- Percentage material
retained on the smaller sieve size range.
In-vitro Dissolution Studies: In-vitro dissolution
study was carried out using USP I type apparatus
and 900ml of phosphate buffer 7.4 used as
dissolution medium. Mucoadhesive microspheres
equivalent to 50 mg of zidovudine filled in hard
gelatin capsules were used for the study. Capsules
were rotated at 50 rpm, and a temperature of 37 ±
0.5oC was maintained throughout the experiment.
At fixed intervals viz., 0.25, 0.5, 1, 1.5, 2, 3, 4, 5, 6,
8, 10 and 12 h, aliquots (5 ml) was withdrawn and
replaced with fresh dissolution media to maintain
the sink condition.
The concentration of drug released at different time
intervals was then determined by measuring the
absorbance at 266 nm against blank. The studies
were carried out in triplicate. The in-vitro
dissolution data of mucoadhesive microspheres
were tabulated and computed by using dissolution
software viz., PCP DISSO V3.0.
External Surface Morphological Study: External
surface morphology of drug zidovudine loaded
microsphere was observed using Model JSM-840
A, Joel, Japan. The particle size, shape and surface
morphology
of
optimized
mucoadhesive
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microspheres were examined. Mucoadhesive
microspheres were fixed on aluminum stubs and
coated with gold using a sputter coater SC 502,
under vacuum [0.1 mm Hg] and were analyzed.
RESULTS AND DISCUSSION:
Preparation of Zidovudine Mucoadhesive
Microspheres: Zidovudine mucoadhesive microspheres were conveniently prepared using different
core: coat ratios, using mucoadhesive polymer
sodium alginate, and mucilage isolated from
uriddall by conventional orifice ionic gelation
method using calcium chloride as the cross-linking
agent.
Data Analysis, Model Validation, and
Optimization: Present experimental data and
information obtained through the design expert
software provide us the opportunity to describe the
influence of different parameters on the
performance of formulation. The values for drug
encapsulation efficiency (Y1) and particle size (Y2)
were determined by experimentally and analyzed
using the Design-Expert®11 trial version software,
drug encapsulation efficiency and particle size were
selected as the dependent variables.
The equations by a second-order polynomial model
are shown as follow. Mathematical models,
Contour plot and 3-D surface graphs were
generated for each response.
Model Equation for Encapsulation Efficiency
(%):
Y1=70.29=1.01X1+1.42X2+4.88X3+0.8375X1X20.8125X1X30.
4225X2X3+6.56X12+5.40X2+8.58X32
…...(1)

Model Equation for Particle Size (µm):
Y2=849.20+88.0X1+15.88X2-8.88X3+7.25X1X23.75X1X3+
……...
12.0 X2X3+2.15X12-21.60X22- 41.10X32
(2)

The above equations in terms of coded factors
(equations 1 and 2) can be used to make predictions
about the response for given levels of each factor.
Drug encapsulation efficiency (DEE) of
mucoadhesive microspheres were ranged from
69.28-92.04% Table 2. ANOVA for encapsulation
efficiency Table 3 showed that X1, X2, X3, X12,
X22, and X32 are significant model terms.
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TABLE 2: FORMULAS FOR DRUG-LOADED MICROSPHERE WITH OBSERVED RESPONSES
Formulation code
Independent variables
Responses
X1
X2
X3
Y1
Y2
Sodium
Uriddall
Calcium
Drug Encapsulation
Particle Size
Alginate
Mucilage
Chloride (%)
Efficiency (%)
(µm)
Z-1
7.5
1
7.5
69.28±2.86
844±3.56
Z-2
5
1
10
92.04±3.21
726±4.26
Z-3
10
1
5
80.46±4.27
902±1.98
Z-4
7.5
1
7.5
70.56±1.88
861±3.24
Z-5
7.5
2
10
89.56±2.68
801±3.68
Z-6
7.5
1
7.5
69.89±2.35
848±1.89
Z-7
7.5
1
7.5
71.26±3.35
856±4.22
Z-8
7.5
1
7.5
70.48±3.66
837±3.85
Z-9
5
1
5
80.23±2.15
728±3.57
Z-10
7.5
0
10
88.35±2.38
746±3.95
Z-11
10
1
10
89.02±2.63
885±3.32
Z-12
5
0
7.5
82.61±2.89
728±2.69
Z-13
5
2
7.5
84.56±3.67
746±2.31
Z-14
7.5
0
5
78.16±3.45
796±1.96
Z-15
7.5
2
5
81.06±2.69
803±2.36
Z-16
10
2
7.5
83.58±2.12
946±4.88
Z-17
10
0
7.5
78.28±3.16
899±4.56
TABLE 3: ANOVA SHOWING STATISTICAL PARAMETERS FOR RESPONSES ENCAPSULATION EFFICIENCY

Source
Model
A-Sodium Alginate
B-UdidDall
C-CaCl2
AB
AC
BC
A²
B²
C²
Residual
Lack of Fit
Pure Error
Cor Total

Sum of Squares
904.22
8.20
16.13
190.71
2.81
2.64
0.7140
181.15
122.97
310.27
4.61
2.38
2.23
908.83

The Model-F value of 152.59 implies the model is
significant. There is only a 0.01% chance that Fvalue this large could occur due to noise. These
model F-value and lack of fit value confirms the
reliability of this model. The Predicted R² of
0.9543 is in reasonable agreement with the
Adjusted R² of 0.9884; i.e., the difference is less
than 0.2.
Adequate Precision measures are the signal to noise
ratio. For the quadratic model of drug
encapsulation efficiency, a ratio greater than 4 is
desirable. Adequate Precision of 35.11 for drug
encapsulation efficiency indicates an adequate
signal. Mucoadhesive Polymer (Sodium Alginate)
alone or combination with uriddall mucilage and
calcium chloride has a significant effect on

df
9
1
1
1
1
1
1
1
1
1
7
3
4
16

Mean Square
100.47
8.20
16.13
190.71
2.81
2.64
0.7140
181.15
122.97
310.27
0.6584
0.7930
0.5575

F-value
152.59
12.46
24.50
289.65
4.26
4.01
1.08
275.13
186.77
471.23

p-value
< 0.0001
0.0096
0.0017
< 0.0001
0.0779
0.0853
0.3323
< 0.0001
< 0.0001
< 0.0001

1.42

0.3600

encapsulation efficiency of microspheres. In the
presence of calcium chloride, comparatively higher
microsphere encapsulation was obtained.
Particle sizes of mucoadhesive microspheres
ranged from 726-946 μm Table 2. ANOVA for
particle size showed that X1, X2, X3, X2X3, X22, and
X32 were significant model terms Table 4. Model
F-value for particle size was found 85.635 showing
the significance of this model since there was only
a 0.01% chance that this F-value large due to noise.
These model F-value and lack of fit value confirm
the reliability of this model. The “Predicted R2” of
0.9253 is in reasonable agreement with the
“Adjusted R2” of 0.9797; i.e., the difference is less
than 0.2.

International Journal of Pharmaceutical Sciences and Research

1860

Gada et al., IJPSR, 2019; Vol. 10(4): 1856-1864.

Adequate Precision measures the signal to noise
ratio. For quadratic model of particle size a ratio
greater than 4 is desirable. Adequate Precision of
29.58 for particle sizes indicates an adequate
signal.
Mucoadhesive Polymer (Sodium Alginate) alone or
combination with uriddall mucilage and calcium
chloride has a significant effect on particle size of
microspheres. In the presence of sodium alginate,
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comparatively larger microsphere particles were
obtained.
Contour plots and three-dimensional response
surface plots Fig. 1 which exhibits the effects of the
concentration of sodium alginate (X1), udiddall
mucilage (X2) and calcium chloride on
encapsulation efficiency (Y1; %) and particle size
(Y2; μm).

TABLE 4: ANOVA SHOWING STATISTICAL PARAMETERS FOR RESPONSES PARTICLE SIZE
Source
Sum of Squares
df
Mean Square
F-value
Model
74944.98
9
8327.22
85.65
A-Sodium Alginate
61952.00
1
61952.00
637.23
B-UdidDall
2016.13
1
2016.13
20.74
C-CaCl2
630.13
1
630.13
6.48
AB
210.25
1
210.25
2.16
AC
56.25
1
56.25
0.5786
BC
576.00
1
576.00
5.92
A²
19.46
1
19.46
0.2002
B²
1964.46
1
1964.46
20.21
C²
7112.46
1
7112.46
73.16
Residual
680.55
7
97.22
Lack of Fit
317.75
3
105.92
1.17
Pure Error
362.80
4
90.70
Cor Total
75625.53
16

p-value
< 0.0001
< 0.0001
0.0026
0.0383
0.1849
0.4717
0.0452
0.6681
0.0028
< 0.0001
0.4258

FIG. 1: CONTOUR PLOTS AND 3-D RESPONSE SURFACE PLOTS FOR ENCAPSULATION EFFICIENCY (%)
AND PARTICLE SIZE (µm)
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Linear correlation plots between the actual, the
predicted response variables are presented in Fig. 2
and 3, and their corresponding residual plots are
showing the scatter of the residuals versus
predicted values are presented in Fig. 4 and 5. The
optimum formulation was found out with the
numerical optimization technique using the
desirability function methodology 33.
TABLE 5: OBSERVED AND PREDICTED RESPONSE
VALUES FOR THE OPTIMIZED MUCOADHESIVE
MICROSPHERES
Independent process
Optimized level
variables
X1
9.269
X2
0.081
X3 (%)
5.293
Dependent variables
Expected
Observed
Y1encapsulation
78.11
83.12 ± 4.38
efficiency (%)
Y2 Particle Size(µm)
862.90
846.56 ± 4.81

The criterion of choosing optimum formulation was
based on minimum microsphere size and maximum
drug encapsulation efficiency within the range of
75-95%. Table 5 shows the observed and predicted
response values for the optimized microspheres.
The optimized mucoadhesive zidovudine microspheres showed the encapsulation efficiency 83.12
± 4.38% and particle size of 846.56 ± 4.81 µm.
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The surface morphological analysis of zidovudine
loaded uriddall mucilage microspheres was
visualized by SEM. The SEM photograph of these
microspheres possessed irregular shape without
forming
agglomeration.
Their
surface
morphologies appeared to have rough with
characteristic large wrinkles and cracks, as it was
evident from the SEM photographs. These cracks
and wrinkles might be caused by partially
collapsing the polymeric gel network during
drying.
The in-vitro zidovudine release studies were carried
out for zidovudine mucoadhesive microspheres in
the phosphate buffer (pH, 7.4) for 12 h. All these
microspheres showed prolonged zidovudine release
over 12 h. Zidovudine release from these uriddall
mucilage microspheres release was controlled and
prolonged in phosphate buffer (pH, 7.4), due to the
higher swelling rate of these microspheres in
phosphate buffer. In the entire formulations,
Korsemeyer-Peppas model was found to be the
best-fitted model. The release of the drug follows
non‑fickian release with n value varying from
0.5095 to 0.7685 (greater than 0.45) indicating drug
release was swelling followed by erosion of
polymeric blend (uriddall mucilage); this could be
attributed due to polymer dissolution and polymeric
chain enlargement or relaxation.

FIG. 2 & 3: LINEAR CORRELATION PLOT RELATING MICROENCAPSULATION EFFICIENCY (%) BETWEEN THE
ACTUAL AND THE PREDICTED VALUES AND CORRESPONDING RESIDUAL PLOTS FOR ALL RESPONSES

FIG. 4 & 5: LINEAR CORRELATION PLOT RELATING PARTICLE SIZE (µ) BETWEEN THE ACTUAL AND THE
PREDICTED VALUES AND CORRESPONDING RESIDUAL PLOTS FOR ALL RESPONSES
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Both the factors viz., the concentration of sodium
alginate and uriddall mucilage has shown negative
effect on drug release. As the concentration of
polymer has increased the release of drug
decreased, whereas the increase in concentration of
cacl2 increases the drug release. The dissolution
data were subjected to mathematical treatment
using PCP Disso Ver. 3 software. In-vitro release
kinetics data to different mathematical models for
optimized zidovudine microspheres are shown in
Table 6.
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TABLE 6: IN-VITRO RELEASE KINETICS DATA TO
DIFFERENT
MATHEMATICAL
MODELS
FOR
OPTIMIZED ZIDOVUDINE MICROSPHERES
Model Fitting (Average)
R
k
Zero order
mo - m = kt
0.8686
7.9738
T-test
5.259
(Passes)
1st order
ln m = kt
0.9713
-0.1362
T-test
12.249 (passes)
Matrix
mo - m = kt1/2
0.9931 23.3682
T-test
25.328 (Passes)
Best fit
Korsmeyer-peppers
modelPeppas
log (mo-m) = log k + n logt 0.9960 21.6181
T-test
33.395 (Passes)
n
0.5448
Hix.Crow.
(% unreleased)1/3=kt
0.9472
-0.0374
T-test
8.860
(Passes)

CONCLUSION: The Box-Behnken design along
with the desirability function approach was
effectively used to optimize the process variables
of
zidovudine
loaded
uriddall
mucilage
microspheres. The investigational values of the
responses prepared under the optimum conditions
were found close to the expected values. The
optimal
conditions
of
sodium
alginate
concentration were 9.269% w/v, uriddall mucilage
concentration was 0.081% w/v and calcium
chloride concentration was 5.29% w/v. The
optimized microspheres showed drug encapsulation
efficiency 83.12 ± 4.38% and particle size of 846.5
± 4.81 μm. The microspheres were spherical in
appearance and no microspheres were found to be
elongated. Therefore, it can be concluded that
three-factor, three-level Box-Behnken design can
be used for the optimization of zidovudine loaded
sodium alginate based uriddall mucilage
microspheres with the minimum number of
experimental runs which not only save the cost of
the optimized formulation it also saved the time.
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