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Summary
The objective of this study is to evaluate the effect of formulation 
variables on the release characteristics of dexamethasone 
sodium phosphate (DSP) from chitosan microspheres. 
Chitosan microspheres containing DSP as the model drug 
were prepared by using high molecular weight chitosan with 
Brookfield viscosity 800.000. Microspheres were prepared by 
w/o emulsion formation followed by cross-linking process 
with the addition of gluteraldehyde as the cross-linking agent. 
The independent variables for factorial design studies were 
determined as cross-linking time and cross-linking agent 
amount with three different levels. The highest encapsulation 
efficiency was 86.96±1.18% for the batch prepared with 5ml 
gluteraldehyde for a cross-linking time of 1 hour. The in-vitro 
release parameters were determined by Weibull model and the 
t values for the microsphere formulations were compared with 
each other. Particle size distribution range was determined 
as 77.450 ± 0.07 and 136.787 ± 2.85 µm for all batches. As a 
result, chitosan microspheres which may maintain sustained 
release of DSP for approximately 10 hours were successfully 
formulated.
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Steroid Taşınmasında Kitasan: Faktöriyel Tasarım 
ile Mikroküre Fermülasyonu ve İn-vitro Salım 
Parametrelerinin Değerlendirilmesi
 
Özet
Bu çalışmanın amacı, kitosan mikrokürelerden 
deksametazon sodium fosfat (DSF) salımı üzerine 
formülasyon değişkenlerinin etkisini değerlendirmektir. 
Model etkin madde olarak DSF içeren kitosan mikroküreler, 
Brookfiled viskozitesi 800.000 olan yüksek molekül 
ağırlıklı kitosan kullanılarak hazırlanmıştır. Mikroküreler, 
s/y emülyon oluşum yöntemi ile hazırlanmış ve ardından 
çapraz bağlayıcı olarak gluteraldehit kullanılan çapraz 
bağlama işlemine tabi tutulmuşlardır. Faktoriyal tasarım 
çalışmasındaki bağımsız değişkenler olarak üçer farklı 
düzeyde olmak üzere çapraz bağlama süresi ve çapraz 
bağlayıcı miktarı seçilmiştir. En yüksek enkapsülasyon 
etkinliği % 86.96±1.18 ile 5 ml gluteraldehit ile 1 saat 
çapraz bağlama süresi seçilen seride elde edilmiştir. İn-
vitro salım parametreleri Weibull modeli ile  belirlenmiş ve  
t değerleri kullanılarak formülasyonlar karşılaştırılmıştır. 
Tüm seriler için partikül büyüklüğü dağılımı 77.450 ± 
0.07 ile 136.787 ± 2.85 µm aralığında bulunmuştur. Sonuç 
olarak 10 saat süre boyunca kontrollü salım sağlayan 
DSF içeren kitosan mikroküre formülasyonları başarı ile 
formüle edilmiştir.
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INTRODUCTION
Chitosan is a widely used natural polymer in phar-
maceutical formulations due to its biocompatibility 

and non-toxic properties besides many different ad-
vantageous properties with respect to other polymers 
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(1). It is a weak base, insoluble in water. However, in 
dilute aqueous acid solutions the glucosamine units 
are converted in a soluble form R-NH3

+ that makes 
chitosan soluble (2). Microsphere-based drug deliv-
ery allows delivering the active ingredients to the 
site of action at the desired dose. The release char-
acteristics can be manipulated by the formulation 
variables such as polymer concentration, cross-link-
ing time and various drug-polymer combinations. 
Chitosan microspheres are used in the formulation of 
numerous drug substances such as theopyhlline (3), 
mitoxantrone (4), diclofenac sodium (5), carvedilol 
(6), prednisolone (7) and nifedipine (8). The common 
perspective in the formulation of chitosan micro-
spheres is either to prolong the release or improve 
the bioavailability/uptake of the drug substance that 
has been encapsulated. 

Dexamethasone sodium phosphate (DSP) is an 
effective corticosteroid used in the treatment of brain 
edema. Its plasma half life is about 3 hours and 70% 
protein bound. It undergoes hepatic glucuronidation 
and sulfation to inactive renally excreted metabolites 
(9). Like the other members of corticosteroid drugs, it 
has many side effects on cardiovascular system and 
immune system. Also depending on the potassium 
loss, muscle weakness in long term therapy may also 
be observed. In addition, depending on dose and time 
of therapy, adverse effects such as hyperglycaemia, 
gastritis, weight gain, osteopaenia, psychosis or 
euphoria, immunosuppression, skin fragility and 
striae may be observed (10). In cerebral edema 
treatment, it was the first time that dexamethasone 
was introduced in 1961 (11-12). Since then, it has 
become the standard therapy for the treatment of 
edema associating the intracranial tumors (13). The 
general dosage regimen of DSP is a bolus of 10 mg 
followed by 4 mg at every six hours with a total of 16 
mg/day (14). 

The objective of this study was to optimize 
microsphere formulations containing reduced dose 
of dexamethasone sodium phosphate (DSP) as the 
active ingredient by using a 32 factorial design for 
local administration after resection of intracranial 
tumors. Three different levels of the cross-linking 
agent amount and cross-linking time were selected 

as the independent variables in this study. Also the 
precision of the mathematical model representing the 
relation between independent formulation variables 
and the predicted outcome was investigated. 

MATERIALS AND METHODS
Materials 
The high molecular weight chitosan was purchased 
from Sigma-Aldrich (Milwaukee, USA) and the 
active ingredient dexamethasone sodium phosphate 
was a generous gift from Deva Corporation (Istanbul, 
Turkey). Diethyl ether and acetone were purchased 
from Fluka (Buchs, Switzerland) and Span 80 used 
as the emulsifier was obtained from Merck (Haar, 
Germany). The cross-linking agent used was 25% 
solution of gluteraldehyde in water and it was also 
purchased from Merck (Schuchardt, Germany)

Methods
Preparation of microspheres
Chitosan microspheres containing DSP were 
prepared by simple emulsification phase separation 
technique (15). Briefly, the viscous solution of 
chitosan was prepared in 1.5% (v/v) acetic acid 
solution and added drop wise in the liquid paraffin 
containing certain amount of Span 80 used as the 
emulfisifying agent and stirred for 30 minutes at 
1500 rpm. The microspheres containing DSP were 
prepared by the same method in which DSP was 
dissolved in 1.5% (v/v) acetic acid solution before 
the addition of chitosan. The drug content was 
determined as the 5% of the polymer used. After the 
formation of w/o emulsion, the cross-linking agent, 
gluteraldehyde (25% solution in water) was added. 
Depending on the amount of cross-linking agent the 
microspheres were cross linked for certain times as 
stated in the Table 1. At the end of the cross-linking 
time, microspheres were centrifuged at 4000 rpm 
and washed with diethyl ether for several times and 
finally with acetone. The resulting microspheres 
were dried at room temperature.

Factorial Design and Release Parameters
The formulation variables; amount of gluteraldehyde 
and cross-linking time were determined as the 
independent variables. Each independent variable 
was chosen at three levels and as a result 32 factorial 
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design with 9 different formulation points were 
evaluated. The effect of these two independent 
variables at three different levels on dissolution 
kinetics of DSP was investigated by RRSBW 
distribution (16).

  Equation 1

where m is the amount of active ingredient dissolved 
at time t; m

∞
 is the amount of active ingredient 

dissolved at time ∞; τ is the time; to is the lag time; 
τ is the time at which 63.2% of the active ingredient 
is dissolved; b is shape parameter of the dissolution 
curve. After necessary mathematical transformation 
equation 1 can be given as

 Equation 2

Using the data of formulation variables with SPSS 
software fit the model equation.

  
 Equation 3

where y is the response variable (τ); x1 (amount 
of gluteraldehyde) and x2 (cross-linking time) are 
the independent variables in the formulation. The 
response surface graphs and contour graphs were 
determined with the Statistica 5.0 software.

Encapsulation Efficiencies
The encapsulation efficiencies of the chitosan 
microspheres were determined by comparison of 
the experimentally found DSP content with the 
theoretical DSP content over six replicates. For the 
experimental part, 25 mg of chitosan microspheres 
were suspended in 30 ml pH 7.4 phosphate buffer 
solution and stirred on a magnetic stirrer for 36 
hours. At the end of this period, the solution was 
filtered through a membrane filter having pore size 
0.45µm. The DSP content was calculated after the 
measurement of the UV absorbance of this solution 
at l=242 nm.

Particle Size Distribution
The particle size distributions of chitosan microspheres 
were determined by using Malvern Mastersizer 
S2000. The microspheres were suspended in water 
containing 1% Tween 80 and then size analysis was 
performed with n=3 replicate measurements.

Morphology of Microspheres
The outer shapes of the microspheres were 
investigated by Inverted Polarizing Microscope 
(Leica, Germany). The photographs of chitosan 
microspheres were taken after encapsulation 
efficiency studies in order to show the complete 
disintegration of the uniform structure of the 
microspheres. Also before and after in-vitro release 
studies, the shape of the microspheres was examined. 

Table 1. Chitosan microsphere formulations, formulation variables and numeric values

Code of formulation Molecular weight Amount of 
cross-linking agent (ml)

Duration of 
cross-linking (h)

HC-1 High 1 1

HC-2 High 1 3

HC-3 High 1 5

HC-4 High 3 1

HC-5 High 3 3

HC-6 High 3 5

HC-7 High 5 1

HC-8 High 5 3

HC-9 High 5 5
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In addition, Scanning Electron Microcopy was used 
for the detailed investigation of the surface structure 
of the microsphere formulations. For this purpose, 
microspheres were mounted on metal stubs with a 
double sided adhesive band and then sputtered with 
a 150 A° thick layer of gold in a BIORAD Sputter 
Apparatus. A scanning electron microscope (Jeol-
SEM ASID-10 Device in 20KV) was used to evaluate 
the surface characteristics of the microspheres within 
the magnification range of x150-200.

In-vitro Release
The in-vitro release characteristics of chitosan 
microspheres were investigated in pH 7.4 phosphate 
buffer solution. Microspheres (25 mg) were 
suspended in 30 ml buffer solution at 37±0.5°C in 
flasks placed in a horizontal shaker. 1 ml of samples 
were withdrawn at certain time intervals and same 
amount of fresh medium was added respectively. 
The DSP content of the samples were determined by 
evaluating the samples for their UV absorbencies at 
l=242 nm.

Results and Discussion
Factorial Design and Release Parameters
The formulation variables of each formulation and 
resulting response variables are summarized in 
Table 2. The mathematical modeling of the relation 
between independent variables and the dependent 
variable resulted in the 3D surface graphs and 
quadratic smooth contour graph as seen in Figure 1 
and Figure 2, respectively. 

Figure 1. 3D response surface graph showing the effect of 
formulation variables on release characteristics 

Figure 2. Quadratic smooth contour graph of the 
formulation variables.

Table 2. Formulation variables and response values

Code of formulation Amount of 
cross-linking agent (ml)

Duration of 
cross-linking (h)

τ value 
(min)

HC-1 1 1 72.60

HC-2 1 3 21.48

HC-3 1 5 15.72

HC-4 3 1 75.11

HC-5 3 3 37.16

HC-6 3 5 29.14

HC-7 5 1 91.49

HC-8 5 3 37.38

HC-9 5 5 26.70
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The SPSS fitted model equation for the formulation 
variables is

 
 Equation 4

Using the model equation, the predicted and 
experimental τ values are compared with each other 
using the linear correlation model. The experimental 
and predicted values showed a good linear relation 
with r2=0.9841.

Encapsulation Efficiency
The DSP content of chitosan microspheres differed 
depending on the formulation variables. The highest 
drug content (86.96%) was achieved in the batch 
prepared by using 5 ml gluteraldehyde solution with 
the cross-linking time of 1 hour. As the cross-linking 
time was increased, the encapsulation efficiency 
lowers to 57.09%. In the batches prepared by using 
3 ml gluteraldehyde, the encapsulation efficiency 
of the microsphere formulations is increased with 
respect to the cross-linking time. No significant 
difference in the encapsulation efficiencies of the 
microspheres was observed for the batches prepared 
with 1 ml gluteraldehyde. 

Particle Size Distribution
There was no relation with the particle size of the 
microspheres and the amount of cross-linking agent 
used and cross-linking time. The average particle 
size results of the formulations are listed in Table 3.

Morphology of Microspheres
The uniform structure of the microspheres was 
completely lost after being stirred for 36 hours 
with a magnetic stirrer for the determination of 
encapsulation efficiencies (Figure 4A-B). After 
in vitro release, the microspheres showed no 
significant change in shape as seen in Figure 4C. In 
the SEM images of the chitosan microspheres, some 
deformations about the spherical structure was 
observed as well as the aggregation of the smaller 
ones with the larger microspheres (Figure 4D). 

In-vitro release
The release time for DSP from chitosan microspheres 
significantly decreases as the cross-linking time for the 
same amount of cross-linking agent increases. This 
was observed for all three levels of gluteraldehyde 

Figure 3. The relation between experimental and predicted 
τ values using the SPSS fitted model equation for the 
formulation variables.

Figure 4.a. Chitosan microspheres after being stirred for 
36 hours in pH 7.4 phosphate buffer solution a (HC-4 
Formulation)

Table 3. Average Particle Size of Formulations

Code of formulation Average Particle Size (mm)

HC-1 115.395 ± 0.52

HC-2 111.487 ± 1.15

HC-3 77.50 ± 0.07

HC-4 115.915 ± 5.44

HC-5 112.564 ± 3.58

HC-6 100.187 ± 1.58

HC-7 136.787 ± 2.85

HC-8 132.315 ± 1.98

HC-9 98.985 ± 0.30
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amount used in the preparation of microspheres. It 
was found that, for the same time of cross-linking, as 
the cross-linking agent amount increased, the release 
time of DSP from chitosan microsphere also increased. 
This comparison was also performed by using τ values, 
the release time for 63.2% of the active ingredient 
incorporated into the microspheres. The highest τ value, 
6.12 hours, was calculated for the batch prepared by 
using 5 ml gluteraldehyde for duration of cross-linking 
time of 1 hour. The release profiles of three groups of 
formulation are shown in Figure 5.

Discussion
As commonly known, the cross-linking agents 
provide a longer release of the active ingredient 

Figure 4.b. Chitosan microspheres before in-vitro release 
test (HC-4 Formulation)

Figure 4.d. Scanning Electron Microscopy images of 
chitosan microspheres (HC-4 Formulation) 

Figure 4.c. Chitosan microspheres after in-vitro release test 
(HC-4 Formulation)

Figure 5.a. The release profile from chitosan microsphere 
formulations prepared by using 1 ml gluteraldehyde 
solution

Figure 5.b. The release profile of DSP from chitosan 
microsphere formulations prepared by using 3 ml 
gluteraldehyde solution
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from the dosage form. The amount of cross-linking 
agent and cross-linking time is directly related with 
this prolonged release. Gluteraldehyde is one of the 
commonly used cross-linking agent in microsphere 
formulations. Gluteraldehyde binds its aldehyde 
groups from the amino groups of the chitosan and 
forms a tight structure (5). In our experimental study, 
the increase in the amount of gluteraldehyde, used 
as cross-linker, resulted in the increase in τ values 
directly proportional with its molar ratio, similar 
with the previous literature findings (17-18). On the 
other hand, regardless of the cross-linker amount 
used, the increase in the cross-linking time results 
in a decrease in τ values. The only possible reason 
for that is the encapsulation of the drug much more 
closely to the surface of the microspheres and as 
a result, a rapid release of DSP, which is a highly 
soluble drug, as the burst effect is observed; but it 
is a clear fact that more research has to be done for 
further investigations. The particle size distributions 
of the chitosan microspheres differ from batch to 
batch depending on the amount of cross-linking 
agent and cross-linking time. As the amount of 
the cross-linking agent is increased, the size of the 
microspheres gets larger, but on the other hand, as 
the cross-linking time increases (for the same amount 
of cross-linking agent), the particle size gets smaller. 
The prediction capacity of the model fitted equation 
describing the relation between formulation 
variables was investigated by the comparison of 

τ-experimental and τ-predicted values. The linear 
relation between these two values are defined by the 
equation y=0.9838x+0.736 with r2=0.9841. 

Conclusion
Chitosan microspheres containing DSP were 
prepared by the simple emulsification phase 
separation method, and provided a sustained release 
up to 10 hours. The prediction capacity of the factorial 
design used in the formulation step was found as 
satisfactory. In order to develop a much more precise 
optimization method, formulation parameters will 
be detailed in further studies. 
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