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Abstract. The purpose of this study was to investigate the combined influence of three-level, three-factor
variables on the formulation of dacarbazine (a water-soluble drug) loaded cubosomes. Box–Behnken
design was used to obtain a second-order polynomial equation with interaction terms to predict response
values. In this study, the selected and coded variables X1, X2, and X3 representing the amount of
monoolein, polymer, and drug as the independent variables, respectively. Fifteen runs of experiments
were conducted, and the particle size (Y1) and encapsulation efficiency (Y2) were evaluated as dependent
variables. We performed multiple regression to establish a full-model second-order polynomial equation
relating independent and dependent variables. A second-order polynomial regression model was
constructed for Y1 and confirmed by performing checkpoint analysis. The optimization process and
Pareto charts were obtained automatically, and they predicted the levels of independent coded variables
X1, X2, and X3 (−1, 0.53485, and −1, respectively) and minimized Y1 while maximizing Y2. These
corresponded to a cubosome formulation made from 100 mg of monoolein, 107 mg of polymer, and 2 mg
with average diameter of 104.7 nm and an encapsulation efficiency of 6.9%. The Box–Behnken design
proved to be a useful tool to optimize the particle size of these drug-loaded cubosomes. For
encapsulation efficiency (Y2), further studies are needed to identify appropriate regression model.
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INTRODUCTION

Dacarbazine (DTIC), a water soluble drug, is currently
used as a first line chemotherapy medication against mela-
noma (1,2). However, current therapies are not ideal. For
example, the reference drug in melanoma therapy, dacarba-
zine, is potent (3), but it has some serious side effects. Firstly,
it is normally administered intravenously, which is painful and
usually not patient compliant. Secondly, the absorption of
dacarbazine is generally erratic, slow, and incomplete.
Thirdly, the drug is light sensitive and unstable. One
promising strategy to overcome these limitations is to
encapsulate this drug using nanocarriers or nanoparticulate
systems intended for controlled drug delivery. In recent years,
cubosomes (cubosome dispersions) entered the drug nano-
carrier library as a novel member due to their great potential
as an alternative drug delivery system relative to liposome.
Cubosomes, especially made of binary systems, monoolein–

water (4), are one of the most studied binary systems. These
are aqueous surfactant systems that can self-assemble into
thermodynamically stable bicontinuous cubic liquid crystal-
line phases. They are viscous isotropic and have a large
internal surface area (∼400 m2/g) (5). Cubosomes are capable
of loading lipophilic, hydrophilic, and amphiphilic drugs.
Because of the three-dimensional nanostructure with
hydrophobic and hydrophilic domains, cubic liquid
crystalline phases have been applied in pharmaceutical drug
delivery. The large interfacial area can provide a complex
diffusion pathway for sustained release of entrapped drug
molecules, whereas lipid constituents are biocompatible, bio-
adhesive, and digestible (6,7). Previous research on drug
encapsulation within cubosomes concerned the study of
somatostatin (8), insulin (9), indomethacin (10), and
rifampicin (11). Cubosomes have also been investigated for
different pharmaceutical applications (peptides, enzymes,
antimuscarinic drugs, antibiotics, and analgesic delivery) and
extensively reviewed (7,12–14). Although the properties of
bioadhesion and penetration enhancement of cubosomes
suggest their potential utility in skin cancer (e.g., melanoma)
treatment, there is currently no formulation addressing this
need. Moreover, there is emerging interest in using statistical
methods to optimize pharmaceutical formulations (15–17).
However, to our knowledge, such methods have seldom been
used specifically for drug-loaded cubosome formulation. The
present study is concerned with the first production and the
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characterization of cubosomes (using such methods as a novel
nanomedicine) for dacarbazine that could eventually be used by
a transdermal route to improve drug stability, efficacy, and safety.

MATERIALS AND METHODS

The glycerol monooleate RYLO MG 19 (GMO) was a gift
from Danisco Cultor (Grindsted, Denmark). Poloxamer 407,
Pluronic F127 (F127) was a gift from BASF Corporation
(Ludwigshafen, Germany). Phosphate-buffered saline (PBS)
and dacarbazine (DTIC) were purchased from Sigma Aldrich
(St. Louis, MO, USA). Chloroform was purchased from Fisher
Scientific (Pittsburgh, PA, USA). All chemicals used in the study
were of analytical grade and used without further purification.

Box–Behnken Experimental Design

Box–Behnken design is a class of second-order designs
based on three-level incomplete factorial designs (18). This
design constitutes three parts. In each part, two factors are
full-leveled, while a third factor is set at zero level. The dots
on the surface of a sphere are centered at the origin of the
coordinate system and tangential to the midpoint of each
edge of the cube (19).

Compared to the other experimental designs, Box–
Behnken design has two major advantages. First of all, in
this design methodology, three factors are needed, and only
12 runs plus three replicates at the center point are required,
costing less time and energy. Secondly, each factor is studied
and coded at three basic levels, an important feature in
experimental design. Last but not least, since Box–Behnken
design does not concern factors at extremely high or
extremely low levels, they are a useful tool in avoiding
experiments in extreme conditions, under which undesirable
results might occur (19).

Hence, a Box–Behnken statistical design with three-
level, three-factor method and 15 runs of experiments was
selected for our study for the purpose of optimization. The
experimental design was constituted of a set of points of high
values, low values, and the replicated center point. The
independent and dependent variables are listed in Table I.
The polynomial equation obtained by Box–Behnken design
software (JMP version 5.1, SAS Institute) is as follows:

Yi ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b12X1X2 þ b13X1X3

þ b23X2X3 þ b11X
2
1 þ b22X

2
2 þ b33X

2
3 ð1Þ

Where Yi is the dependent variable, b0 is the intercept, b1 to
b33 are the regression coefficients, and X1, X2, and X3 were
the independent variables that were selected from the prelimi-
nary experiments. In our research, the monoolein amount,
polymer amount, and drug amount were chosen as critical
factors because monoolein was the main matrix component of
the cubosome, the polymer was used as surfactant, and
dacarbazine was the drug to be encapsulated.

Preparation of Dacarbazine-Loaded Cubosomes

Drug-loaded cubosomes were prepared through an
adapted coarse method (10). Briefly, for each sample, a

volume of 15 ml of chloroform was used to completely
dissolve GMO and Pluronic F127. All 15 runs of experiments
were prepared according to the Box–Behnken design in
Table II. The chloroform was allowed to evaporate under
reduced pressure at 60 rpm and at a temperature of 60±2°C,
leading to the formation of a thin film at the bottom of the
flask. A volume of 50 ml of PBS buffer saline (pH=7.4) was
used to dissolve the drug. This solution was added to the dry
lipid film to form coarse dispersions. A sonicator was used to
briefly mix the lipid film and water phase together, and the
mixture was used to keep the coarse dispersions under hot
water (80±2°C) for 15 min in a water bath. The hot mixture
was transferred swiftly to a beaker in which a homogenizer
(IKA ULTRA-TURRAX T-25, Staufen, Germany) was used
for 1 min at the speed of 13,500 rpm to prepare uniform
dispersion. Cubosomes were formed when the dispersion
cooled down to room temperature gradually. Aluminum coils
were used to cover the sample vials in order to protect
samples from direct light. The dispersions were then used for
future tests and evaluation.

Particle Size Determination

The particle size of cubosomes was determined through
dynamic light scattering (DLS; Brookhaven Instruments
Corporation, Austin, TX, USA). DLS, sometimes referred
to as photon correlation spectroscopy, is a non-invasive, well-
established technique for measuring the size of molecules and
particles typically in the submicron region. The measurements
were taken under the temperature of 25°C and a laser
wavelength of 659.0 nm. The samples were vortexed before
measuring the particle mean diameter, size distribution, and
polydispersity of cubosomes. Based on a reference from
National Institute Standard (NIST), a PI <0.05 was consid-
ered monodispersed (20).

Transmission Electron Microscopy

The samples were prepared by putting a 5 μl droplet of
the cubosomes suspension onto a 300 mesh carbon-coated
copper grid and letting the cubosomes settle for 3–5 min.
Then, the excess fluid was removed. The air-dried samples
were negatively stained in 1% uranyl acetate for 3–5 min. The
samples were then viewed on a JEOL Model JEM 1400
120KV transmission electron microscope (JEOL-USA, Wil-

Table I. Independent Variables and Their Levels in Box–Behnken
Design

Low Medium High

Independent variables
X1: monoolein amount (mg) 100 500 900
X2: polymer amount (mg) 15 75 135
X3: drug amount (mg) 2 10 18
Coded values −1 0 1
Dependent variables
Y1=particle size (nm)
Y2=encapsulation efficiency (EE)
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mington, DE, USA) and photographed digitally on a Gatan
axis-mount 2kx2k digital camera.

Encapsulation Efficiency

The encapsulation efficiency, or EE (Y2), was measured
at a wavelength of 330 nm with an UV spectrometer
(NanoDrop Model 1000, Thermo Fisher Scientific, DE,
USA). This spectrophotometer enables highly accurate UV/
Vis analyses of 1 μl samples with remarkable reproducibility.
The standard curve, based upon the dacarbazine concen-
tration from 0 to 360 µg/ml, had a regression equation of y ¼
0:0061x� 0:0081 with R2 of 0.9985. In this study, all UV
measurements and calculations of Y2 were based on this
specific equipment and the standard curve. In all 15 runs of
experiment, the measurement of EE was carried out with one
specific kind of centrifuge tube, Amicon Ultra 3,000 MWCO
(Millipore, USA). In each experiment, after the sample
cooled down to room temperature, it was transferred to
centrifuge tubes, Amicon Ultra 3,000 MWCO (Millipore,
USA) and put to centrifuge at the speed of 1,500 rpm for

30 min. Nonencapsulated or free drug-in-solution leaked
outside the sub-tubes, making it possible to measure its
concentration in solution and thus allowed the deduction of
the proportion of drug encapsulated in cubosomes.
Preliminary studies conducted with known concentrations
of drug from the calibration curve showed that this
specific drug did not significantly bind to the membrane
Ultra 3,000 MWCO. Moreover, the UV molar absorptivity
(ε∼11,200 l/mol cm) did not change significantly for free
and uncapsulated drug. That UV absorbance was used to
compute the Ct (namely total concentration), and the UV
absorbance of dacarbazine contained in filtrate after
centrifuge was used to compute the Cf (namely filtrate
concentration). Thus, percent EE was calculated as followed:

EE% ¼ Ct � Cf
� �� Ct
� �� 100 ð2Þ

Fig. 1. DLS data image of dacarbazine-loaded cubosome of run
no. 15 in Table II (the effective diameter is 112.3 nm with
polydispersity of 0.005 and the elapsed time of 3 min)

Fig. 2. Transmission electron microscopy image of cubosome (run
no. 1 in Table II), which shows the cubic structure of individual
cubosome. Scale bar represented 10 nm

Table II. Box–Behnken Experimental Design of Independent Vari-
ables with Measured Responses

Run no. X1 X2 X3 Y1 PI Y2 (%)

1 0 0 0 182.3 0.005 15.2
2 1 0 1 193.1 0.307 18.6
3 0 0 0 181.3 0.005 12.8
4 −1 1 0 115.3 0.187 16.3
5 1 −1 0 198.0 0.290 2.2
6 −1 −1 0 159.5 0.143 38.7
7 1 1 0 194.3 0.231 7.9
8 0 −1 −1 212.3 0.005 19.1
9 −1 0 1 110.9 0.243 14.9

10 0 1 1 227.0 0.005 21.4
11 0 1 −1 169.1 0.005 9.6
12 0 0 0 173.2 0.005 10.9
13 −1 0 −1 115.7 0.261 4.6
14 0 −1 1 219.0 0.239 20.9
15 1 0 −1 112.3 0.005 0.1

Y1 mean diameter, PI polydispersity index, Y2 percent encapsulation
efficiency

Table III. Observed and Predicted Values with Residuals of the
Response Y1

Run no. Observed Y1 Predicted Y1 Residuals % Error

1 182.3 178.9 3.4 1.9
2 193.1 196.5 −3.4 −1.8
3 181.3 178.9 2.4 1.3
4 115.3 121.7 −6.4 −5.6
5 198.0 191.6 6.4 3.2
6 159.5 162.8 −3.3 −2.1
7 194.3 191.0 3.3 1.7
8 212.3 212.5 −0.2 −0.1
9 110.9 104.6 6.3 5.7

10 227.0 226.8 0.2 0.1
11 169.1 166.1 3.0 1.8
12 173.2 178.9 −5.7 −3.3
13 115.7 112.3 3.4 2.9
14 219.0 222.0 −3.0 −1.4
15 112.3 118.6 −6.3 −5.6

1034 Bei, Marszalek and Youan



Master Formula

Polynomial equations of the response values Y1 and Y2

for three-level, three-factor variables were developed after
the interpretation of data (Eqs. 4 and 5, respectively). Since
the polynomial equations for Y1 fit well (R2=0.988 and it is
far more than 0.90), they were used for optimization purpose.
Since the polynomial equation for Y2 did not fit well (R2=0.77
and it is far less than 0.90), it was not appropriate for
optimization purpose. Because in nanomedicine technology,
the nanoparticles with smaller size have greater potential of
permeability and cellular and tissue targeting ability, for
particle size (Y1), we performed optimization toward
minimizing particle size based on three levels of
independent variables (X1, X2, and X3).

Checkpoint Analysis

After deleting irrelevant variables and/or interactions
from the initial equation, a checkpoint analysis was per-
formed to make more sense of the analysis of secondary
(reduced) equation, which was very useful in optimizing and
predicting the responses. We selected three points in check-
point analysis: two random points (−0.5, −0.5, 0) and (0.5, 0.5,
0.5) out of those 15 runs of experiments and another point
(theoretically optimal point). We performed these checkpoint
analyses in triplicates to ensure reproducibility. We did these
experiments to check if the experimental response values
obtained were approximately the same as the theoretical ones
calculated by the secondary equation.

RESULTS AND DISCUSSION

Influence of Formulation Variables on Particle Size

Table II summarized the responses obtained with the
Box–Behnken design for the average particle size (Y1), the
polydispersity index (PI), and the encapsulation efficiency
(Y2). The phase diagram of monolein–poloxamer system has
been extensively studied (6,10). These literatures served as
the basis for the selection of our factors and their level. In
previous literatures, cubosomes were prepared with two
distinct technologies: top-down technique and bottom-up
technique (14). We used simplified top-down technique (as
“coarse method” described in “Preparation of Dacarbazine-
Loaded Cubosomes”) because it is advantageous: less time
and energy consuming and more economic. Figure 1 showed

a typical size distribution of the dispersion after DLS analysis.
Figure 2 also provided an electron micrograph of the
cubosomes after negative staining suggesting the countours
of a cubic ultrastructure in the nanosize range. These data
suggested that cubosomes were indeed formed with particle
size ranging from 110 to 227 nm. Similar size range of
cubosome dispersions were reported by Esposito et al. (10).
The PI of the sample varied from to 0.005 to 0.307. According
to NIST standards (20), almost half of the 15 runs were
monodispersed while the other half was not. It was speculated
that the polydispersed formulations were made of the
coexistence of cubosome with other type of vesicles as
previously reported (6,21). It has been reported that in
order to produce colloidally stable cubic phase dispersions,
the GMO/F127 ratio should be in the range of 94/6–80/20 w/
w (6). Among our runs, only run nos. 1, 2, 3, 6, 12, and 15
fitted these criteria and were all monodispersed except run
nos. 2 and 6. Overall, the samples were milky emulsions in
appearance, and Table III showed the observed and
predicted values with residuals of response Y1 (particle
size). According to the analysis of data of 15 runs of

Table IV. Results of ANOVA of Initial and Secondary Models for Y1 of Cubosomes Formulations

ANOVA Df SS MS R2 value (Adj. R2) F value p value

Regression
A 9 22,225.18 2,469.47 0.988 (0.966) 45.16 0.0035
B 8 22,193.50 2,774.19 0.986 (0.968) 54.56 <0.0001
Residuals
A 5 273.42 (C1) 54.69 (D1)
B 6 305.10 (C2) 50.85

Y1 particle size, A initial (full) model, B secondary model
FCAL ¼ C2 � C1ð Þ=NTO½ �=D1 ¼ 0:58 , where NTO is the number of terms omitted

Fig. 3. Pareto chart shows the standardized effect of formulation
independent variables and their interaction on Y1 in initial (full)
model. Bars extending past the line indicate values reaching statistical
significance (α=0.05). [A monoolein amount, B polymer amount, C
drug amount, AA interaction of monoolein amount and monoolein
amount, BB interaction of polymer amount and polymer amount, CC
interaction of drug amount and drug amount, AB interaction of
monoolein amount and polymer amount, AC interaction of polymer
amount and drug amount, BC interaction of polymer amount and
drug amount]
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experiments, the initial polynomial equation (full model) for
particle size (Y1) was:

Y1 ¼ 178:93þ 24:54X1 � 10:39X2 þ 17:58X3

þ 10:13X1X2 þ 21:4X1X3 þ 12:8X2X3 � 43:00X2
1

þ 30:85X2
2 � 2:93X2

3 ð3Þ

Where the coded factors were X1=(natural monoolein
amount−500): 400; X2=(natural poloxamer amount−75):
60; and X3=(natural drug amount−10): 8.

From Table IV, we could see that the correlation
coefficient (R2) value of Eq. 3 was 0.988 (Adj. R2=0.966),
indicating that this model fit the data very well. The Y1 values
in 15 runs had range from minimum value 110.9 nm to
maximum value 227.0 nm. The lack-of-fit test showed that the
F ratio was 2.9931 (p>0.05), which indicated that in 95%
confidence level, there was no lack of fit in this model. This
model and the polynomial equation satisfy the data very well.
The analysis clearly stated that the Y1 value could be
explained by the variables selected for this study. In Eq. 3,
the interaction terms (X1X2, X1X3, X2X3, X1

2, X2
2, and X3

2)
show how the Y1 changes when two variables are
simultaneously changed. The positive signs in coefficients
(such as X1, X3, X1X2, X1X3, X2X3, and X22) indicated
positive effect on the Y1, while the negative signs in
coefficients for the interactions between two variables (such
as X2, X1

2, and X3
2) indicated the negative effect on the Y1.

These data suggested that the increase in the amount of
monolein or amphiphile (monoolein and surfactant) resulted
in an increase in the particle size. These results are in
agreement with the work of Barauskas and colleagues (6).

Moreover, the drug amount positively interacted with both
amphiphile to increase particle size, suggesting an
electrostatic interaction perhaps leading to more coalescence
of the particle in the dispersion. For example, the drug
contains amino groups that could be protonated leading to
the formation of a positively charged drug in the cubosome
matrix. This may lead to the modification of the charge
density (zeta potential) and a reduction of the energy barrier
between the particles, therefore leading to an increase in
particle size or to structural transition. Electrostatic effect of
additive such as oleic acid (6) and the influence of four
different charged designer lipid-like peptide in tuning the
curvature and stability on monoolein bilayers have been
recently reported (22). The negative effect of the poloxamer
amount clearly underscore its role as stabilizing agent in the
formulation as it contributed to maintain the particle size
toward lower range due to steric repulsion. Among the three
independent variables, the coefficients whose p>0.05 were
insignificant in prediction of Y1. Two Pareto charts were
constructed (Figs. 3 and 4) to compare the significance of
other factors and interactions of factors before and after
omission of insignificant one.

The standardized effect of the independent variables and
their interaction on the dependent variable was showed in
Pareto chart (Fig. 3), which indicated the main effect of the
independent variables and interactions that will exert signifi-
cant influence on the Y1 value. The factors whose length
passes the line (p value equals to 0.05) indicated significance
on the response value. The value of that significance line in
Fig. 3 was 2.58, and the value of the significance line in Fig. 4
was 2.48. The difference could be explained by the distribu-
tion change in t-curve. According to the chart in Fig. 3, X1,
X2, X3, X1X2, X1X3, X2X3, X1

2, X2
2 contributed significantly

to Y1 value while X3
2 did not. It is important to underscore

the physical meaning of the first three terms that have been
provided in Table I. The other terms are interactions between
each of the previous terms. For example, the physical
meaning of X1X2 is the concomitant effect of both the drug
amount and the polymer effect on the measured response.
Hence, X3

2 omitted from the full model to obtain a reduced
second-order polynomial equation (Eq. 4):

Y1 ¼ 177:13þ 24:54X1 � 10:39X2 þ 17:58X3

þ 10:13X1X2 þ 21:4X1X3 þ 12:8X2X3 � 42:78X2
1

þ 31:07X2
2 ð4Þ

From Table IV, the R2 value in reduced equation was 0.986
(Adj. R2=0.968). Although there was a small difference
between R2 value of the initial equation (Eq. 3) and that of
the reduced equation (Eq. 4), it was statistically insignificant.
The lack-of-fit test again showed that the F ratio was 2.5629

Fig. 4. Pareto chart shows the standardized effect of formulation
independent variables and their interaction on Y1 in reduced model.
Bars extending past the line indicate values reaching statistical
significance (α=0.05; same as in Fig. 3)

Table V. Checkpoint Experiments Comparing Measured Predicted Y1 Value (n=3)

Run no. X1 X2 X3 Measured Y1 Predicted Y1 % Error

C1 −0.5 −0.5 0.0 167.1±0.9 169.7 −1.5
C2 0.5 0.5 0.5 204.3±1.1 201.1 1.6
C3 −1.0 0.53485 −1.0 106.1±0.8 104.7 1.3
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(p>0.05), which indicated that in 95% confidence level, there
was no lack of fit in this model. To ensure the omission of
insignificant terms in formulation variables, the analysis of
variance for initial model and reduced model was performed
with the results shown in Table IV. The calculated F (FCAL)
value (equals to 0.58) was less than the tabled value of F,
which equals to 4.39 at α=0.05 risk level (Df1=5 and Df2=6).
Hence, it was concluded that omitting X3

2 term did not
significantly influence the precision of Y1 values with 95%
confidence. This indicated that the effect of monoolein and
dacarbazine amount, polymer amount, and the interactions of
monoolein–polymer, monoolein–drug, and polymer–drug
were evident as shown in Fig. 4.

The relationship between three-level, three-factor varia-
bles and response value Y1 in reduced model was further
investigated by constructing prediction and desirability plot.
In Fig. 5, it was evident that lower level of X1 (amount of
monoolein) and X3 (drug amount) favored smaller Y1 value
of cubosomes, while the medium level of X2 (polymer
amount) favored the Y1 value of cubosomes. These observa-
tions were also in agreement with the study of Barauskas (6).

Checkpoint Analysis

According to the reduced second-order polynomial
equation (Eq. 4), two specific points (−0.5, −0.5, −0.5) and
(0.5, 0.5, 0.5) and another point (−1, 0.53485, −1) were
prepared and evaluated for Y1, as shown in Table V. Results
indicated that the measured Y1 values were approximately
the same as predicted. As the differences between measured
Y1 value and predicted Y1 values were found to be insignif-
icant (p>0.05) when we compared the measured values to the
predicted values using Student’s t test: checkpoint C1: t=
−2.89, Df=2, p=0.10; checkpoint C2: t=2.91, df=2, p=0.10;
checkpoint C3: t=1.75, df=2, p=0.22. The results of these t
tests showed that none of the observed values was signifi-
cantly different than the predicted values, which was good
evidence that the regression equation is an accurate model
of the data. Therefore, we concluded that the secondary
equation fits the data satisfactorily and was valid for predict-
ing the Y1 values.

Master Formula

From the data analysis of the effect of independent
variables on the responses, it was obvious that three-level,
three-factor variables would give the optimum response
values about Y1 in formulation section. It was evident from
the polynomial equation and Pareto chart (Fig. 4) that Y1

increases with the increase in monoolein amount (X1) to a
level of 100 mg, but decreases at amounts above 100 mg. Y1

increases with drug amount (X3), the interaction of polymer
amount (X2) with polymer amount (X2), the interaction of
monoolein amount (X1) with polymer amount (X2), the
interaction of monoolein amount (X1) with drug amount
(X3), and the interaction of polymer amount (X2) with drug
amount (X3). Y1 decreases with the decrease in polymer
amount (X2) and the interaction of monoolein amount (X1)
with monoolein amount (X1) as these materials constituted
the bulk of the dispersed phase. Hence, to minimize particle
size, the lower level of monoolein amount and drug amount
was selected, and the medium level of polymer was selected.
For controlled-delivery purpose based on nanomedicine
concept, the optimal formulation would be the one that
would reveal the lowest particle size (23). Using a computer
optimization process and the interaction plot shown in Fig. 5,
we selected a level of −1 for both X1 and X3 and a level of
0.53485 for X2, which are as a desirability (d=0.9236) that is
very close to the ideal value of 1. The theory behind the ideal
desirability value of 1 based on desirability function for
simultaneous optimization of several response variables has
been popularized by Derringer and Suich (24).

Table VI. Results of ANOVA of the Initial Model for Y2 of
Cubosome Formulations

ANOVA Df SS MS R2 value F value p value

Regression
Eq. 5 9 0.0966 0.0107 0.77 1.8512 0.0677
Residuals
Eq. 5 5 0.0289 0.00578

Y1 encapsulation efficiency

Fig. 5. Prediction and desirability plot of reduced model showing the effect of monoolein amount (X1) and
polymer amount (X2) on the particle size of formulation part when drug amount (X3) was set at the center
point
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The optimal Y1 value was 104.7 nm after computation.
For confirmation purpose, three fresh samples were prepared
at the optimum levels of the independent variables, and the
resultant cubosome had an observed value of particle size of
106.1 nm (in Table V), which was in close agreement with the
theoretical values.

Influence of Formulation Variables on Encapsulation
Efficiency

In this study, we investigated the optimization for
formulation variables. According to the statistical analysis,
we found that the model fit Y1 very well (R2>0.90), while the
model had a lack of fit for Y2. The initial polynomial equation
(full model) for encapsulation efficiency (Y2) is:

Y2 ¼ 0:130� 0:057X1 � 0:032X2 þ 0:053X3

þ 0:070X1X2 þ 0:020X1X3 þ 0:025X2X3

� 0:024X2
1 þ 0:058X2

2 � 0:010X2
3 ð5Þ

As shown above in Table VI, R2 value of EE model is 0.77
and is less than 0.90, which indicates that the model is not as
good as the one used for particle size prediction. It could not
be used to predict encapsulation efficiency due to lack of fit.
Even when we performed the Box–Cox Y transformation
(25) on EE, the R2 was still less than 0.90 (data not shown).

In this case, our current model was not suitable for
analyzing and predicting the drug encapsulation efficiency. In
the future, experimental design and research may investigate
comprehensive factors in order to construct a better model
for Y2 values.

During the process of analyzing data, we needed to omit
some parameters and/or interactions of parameters to obtain
optimization equations. Concerning the omission of parame-
ters, one rule should be kept to direct the whole process. We
omitted only one parameter, the interaction of drug amount
with drug amount, to improve the R2 value. By doing so, we
would improve the availability of the polynominal equation
without affecting the significance of other parameters or
interactions of parameters. In this case, other parameters and
interactions of parameters would become significant after the
omission.

CONCLUSION

This study reports on the first use of a Box–Behnken
design in the optimization cubosome dispersion mean diam-
eter for the encapsulation of dacarbazine (an antimelanoma
drug). The derived polynomial equations and Pareto charts
proved to be satisfactory in predicting Y1 values for the
preparation of optimum cubosomes with desired particle size.
The optimal formulation size could be obtained when 100 mg
of monoolein, 107 mg of polymer, and 2 mg of drug as
independent variables leading to the formulation of cubo-
somes with 104.7 nm in mean diameter and 6.9% in
encapsulation efficiency. The relatively low encapsulation
may be due to the rapid diffusion of the drug in the aqueous
phase during the preparation and the centrifugation process
because it has been reported that even lipophilic drugs were
rapidly release from cubosomes after ultrafiltration (11).

Although the model was not good enough to predict
encapsulation efficiency in our case, the Box–Behnken design
shed light on future study on fit model. Further experiments
should explore a preparation condition and better prediction
model for the drug encapsulation efficiency (Y2) and study
the process parameters in order to increase encapsulation
efficiency. Also, further physicochemical characterization
method would be needed to better elucidate the ultra-
structure of the cubosome dispersion.

ACKNOWLEDGMENTS

Monoolein was kindly provided to us by Danisco Cultor
(Grindsted, Denmark). We also appreciated the guidance of
Dr. Elizabet Kostoryz (Division of Pharmacology, University of
Missouri – Kansas City) for the DLS experiment and the
support of Randy Tindall (Electron Microscopy Center, Uni-
versity of Missouri—Columbia) for the electron microscopy.

REFERENCES

1. Spieth K, Kaufmann R, Dummer R, Garbe C, Becker JC,
Hauschild A, et al. Temozolomide plus pegylated interferon alfa-
2b as first-line treatment for stage IV melanoma: a multicenter
phase II trial of the Dermatologic Cooperative Oncology Group
(DeCOG). Ann Oncol. 2008;19(4):801–6.

2. Schadendorf D, Ugurel S, Schuler-Thurner B, Nestle FO, Enk A,
Brocker EB, et al. Dacarbazine (DTIC) versus vaccination with
autologous peptide-pulsed dendritic cells (DC) in first-line treat-
ment of patients with metastatic melanoma: a randomized phase
III trial of the DC study group of the DeCOG. Ann Oncol.
2006;17(4):563–70.

3. Lens MB, Eisen TG. Systemic chemotherapy in the treatment of
malignant melanoma. Expert Opin Pharmacother. 2003;4
(12):2205–11.

4. Larsson K. Two cubic phases in monoolein–water system.
Nature. 1983;304:664.

5. Nylander T, Mattisson C, Razumas V, Meizis Y, Hakansson B. A
study of entrapped enzyme stability and substrate diffusion in a
monoglyceride-based cubic liquid crystalline phase. Colloid Surf
A: Physicochem Eng Aspects. 1996;114:311–20.

6. Barauskas J, Johnsson M, Joabsson F, Tiberg F. Cubic phase
nanoparticles (cubosome): principles for controlling size, struc-
ture, and stability. Langmuir. 2005;21(6):2569–77.

7. Barauskas J, Johnsson M, Tiberg F. Self-assembled lipid super-
structures: beyond vesicles and liposomes. Nano Lett. 2005;5
(8):1615–9.

8. Engstrom S, Ericsson B, Landh T. A cubosome formulation for
intravenous administration of somatostatin. Proc Int Symp
Control Rel Bioact Mater. 1996;23:2.

9. Chung H, Kim J, Um JY, Kwon IC, Jeong SY. Self-assembled
“nanocubicle” as a carrier for peroral insulin delivery. Diabeto-
logia. 2002;45(3):448–51.

10. Esposito E, Cortesi R, Drechsler M, Paccamiccio L, Mariani P,
Contado C, et al. Cubosome dispersions as delivery systems for
percutaneous administration of indomethacin. Pharm Res.
2005;22(12):2163–73.

11. Boyd BJ. Characterisation of drug release from cubosomes using
the pressure ultrafiltration method. Int J Pharm. 2003;260
(2):239–47.

12. Shah JC, Sadhale Y, Chilukuri DM. Cubic phase gels as drug
delivery systems. Adv Drug Deliv Rev. 2001;47(2–3):229–50.

13. Drummond CK, Fong C. Surfactant self-assembly objects as
novel drug delivery vehicles. Curr Opin Colloid Interf Sci.
1999;4:8.

14. Garg G, Saraf S, Saraf S. Cubosomes: an overview. Biol Pharm
Bull. 2007;30(2):350–3.

1038 Bei, Marszalek and Youan



15. Solanki AB, Parikh JR, Parikh RH. Formulation and optimiza-
tion of piroxicam proniosomes by 3-factor, 3-level Box–Behnken
design. AAPS PharmSciTech. 2007;8(4):E86.

16. Maghsoudi A, Shojaosadati SA, Vasheghani Farahani E. 5-
Fluorouracil-loaded BSA nanoparticles: formulation optimiza-
tion and in vitro release study. AAPS PharmSciTech. 2008;9
(4):1092–6.

17. Nattapulwat N, Purkkao N, Suwithayapan O. Preparation and
application of carboxymethyl yam (Dioscorea esculenta) starch.
AAPS PharmSciTech. 2009;10:193–8.

18. Box GEP, Behnken DW. Some new three level designs for the
study of quantitative variables. Technometrics. 1960;2:455–76.

19. Ferreira SL, Bruns RE, da Silva EG, Dos Santos WN, Quintella
CM, David JM, et al. Statistical designs and response surface
techniques for the optimization of chromatographic systems. J
Chromatogr A. 2007;1158(1–2):2–14.

20. Hackley VA, Ferraris CF, editors. The use of nomenclature in
dispersion science and technology. NIST Recommended Practice
Guide: National Institute of Standards 2001.

21. Esposito E, Eblovi N, Rasi S, Drechsler M, Di Gregorio GM,
Menegatti E, et al. Lipid-based supramolecular systems for topical
application: a preformulatory study. AAPS PharmSci. 2003;5(4):E30.

22. Yaghmur A, Laggner P, Zhang S, Rappolt M. Tuning curvature
and stability of monoolein bilayers by designer lipid-like peptide
surfactants. PLoS ONE. 2007;2(5):e479.

23. Moghimi SM, Hunter AC, Murray JC. Long-circulating and
target-specific nanoparticles: theory to practice. Pharmacol Rev.
2001;53(2):283–318.

24. Derringer G, Suich R. Simultaneous optimization of several
responses variables. J Qual Technol. 1980;12:214–9.

25. Box GEP, Cox DR. An analysis of transformations. J Royal Stat
Soc, B. 1964;26:211–43.

1039Formulation Variables of Dacarbazine-Loaded Cubosomes


	Formulation of Dacarbazine-Loaded Cubosomes—Part I: Influence of Formulation Variables
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Box–Behnken Experimental Design
	Preparation of Dacarbazine-Loaded Cubosomes
	Particle Size Determination
	Transmission Electron Microscopy
	Encapsulation Efficiency
	Master Formula
	Checkpoint Analysis

	RESULTS AND DISCUSSION
	Influence of Formulation Variables on Particle Size
	Checkpoint Analysis
	Master Formula
	Influence of Formulation Variables on Encapsulation Efficiency

	CONCLUSION
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


