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Abstract

The aim of this study was to formulate a microspheres of 
prednisolone sodium phosphate with a controlled release of the 
drug. The FTIR and DSC spectra revealed that there was no 
interaction between polymers and drug. Microspheres of 
prednisolone sodium phosphate were successfully prepared 
using chitosan and sodium tripolyphosphate polymers by ion 
gelation method. The percentage yield of all microspheres 
increased as the amount of polymer was decreased in each 
preparation method. The entrapment efficiency was good in all 
the cases. The particle size of optimized formula was 35.5 µm. 
SEM analysis of the optimized formula revealed that the 
formulation was spherical with smooth surface. In vitro release 
of prednisolone sodium phosphate decreased as concentration 
of polymer increased. Stability studies for two months revealed 
that the formulation was stable in 40℃ ± 2℃ and 75% ± 5% 
RH. Hence, the prepared microspheres of prednisolone sodium 
phosphate may prove to be potential candidate for safe and 
effective controlled drug delivery over an extended period of 
time.
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Introduction
Colon specific drug delivery system must be capable of releasing

the drug into the colon i.e. drug release and absorption should not
occur in the stomach as well as intestine, neither the bioactive agent
should be degraded in either of the dissolution site but only released
and absorbed once reaches to the colon [1].

Microspheres are one of the most useful devices to deliver materials
in an effective, prolonged and safe manner. Microspheres offer a novel
approach for developing sustained release drug delivery system that
has potential for colonic drug delivery [2].

Prednisolone sodium phosphate is a corticosteroid drug useful for
the treatment of a wide range of inflammatory and autoimmune
conditions such as ulcerative colitis and Crohn's disease. It suppresses
inflammation by blocking the early manifestations of inflammation,
including enhanced vascular permeability, vasodilation, and
infiltration by neutrophils as well as the later consequences of
inflammation, including fibroblast activation, vascular proliferation,
and deposition of collagen It has an intermediate duration of action
allowing once daily dosing [3].

The use of microspheres in preference to single unit dosage forms
for colon drug delivery showed that microspheres enabled the drug to
reach the colon quickly and were retained in the ascending colon for
relatively long period of time. It also reduces dosing frequency, the
drug discharge in the stomach and reduces the local unwanted effects
[4].

Materials and Methods

Pre-formulation studies
Solubility determination: The solubility of the selected drug was

determined in distilled water, pH 7.4, pH 6.8 and 0.1 N HCl using
standard method [5].

Melting point determination: Melting point of the drug was
determined by taking a small amount of drug in a capillary tube closed
at one end and was placed in Thiel’s melting point apparatus and the
temperature at which the drug melts was noted. Average of triplicate
readings was taken [6].

Drug excipient compatibility studies: The pure drug and its
formulation were subjected to IR studies. In the present study, the
potassium bromide disc (pellet) method was employed [7].

Preparation of microspheres: Prednisolone sodium phosphate
microspheres were prepared by ion gelation method. An accurately
amount of prednisolone sodium phosphate was dissolved in 5 ml of
water using sonication for 5 minutes. Specified amount of chitosan
were dispersed in aqueous solution of glacial acetic acid and stirred by
magnetic stirr for 1 hr the aqueous solution of drug is poured slowly
into the aqueous solution of glacial acetic acid containing chitosan
with continuous stirring and 20 mg of sodium benzoate is dissolved in
2.5 ml of water which is used as preservative and transfer to the
formulation with continuous stirring for 1 hr at 600 rpm and different
concentration of TPP solution was transfer to the formulation [7].
After that it starts to form particles which are homogenized at 4000
rpm to breakdown the particles into micro form. Micro particles were
dried by using freeze bed drier (lyophilizes) at 0.320 pressures at
-105℃ for 3 days (Table 1) [8].

Formulation code Drug (mg) Chitosan (mg) Sodium
tripolyphosphate (%)

Glacial acetic acid (5% 
v/v) (ml)

Sodium benzoate 
(mg)

F1 500 500 0.5 100 20
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F2 500 1000 1 100 20

F3 500 1500 1.5 100 20

F4 500 2000 2 100 20

F5 250 500 0.5 100 20

F6 250 1000 1 100 20

F7 250 1500 1.5 100 20

F8 250 2000 2 100 20

Evaluation parameters
Scanning Electron Microscopy (SEM): Scanning electron 

microscopy was carried out for formulation dry microspheres were 
placed on an electron microscope brass stub coated with gold in an ion 
sputter. Then picture of microspheres were taken by random scanning 
of the stub [8]. The SEM analysis of the microspheres was carried out 
by QUNTA-200 FEI (Netherland) using analytical scanning electron 
microscope. The microspheres were viewed at an accelerating voltage 
of 20 KV [9].

Particle size analysis: Particle size were performed on a Malvern 
Zetasizer 3000 instrument (Malvern instrument Ltd, Malvern UK) at 
25℃ and at a scattering angle of 90℃ to obtain the size of 
microspheres [10].

Percentage yield: Microspheres after drying were weighed to 
calculate the percentage yield of microspheres using the following 
formula [11].

Drug content and entrapment efficiency: Accurately weighed
microspheres equivalent to 100 mg of prednisolone sodium phosphate,
were suspended in a 100 ml of phosphate buffer pH 7.4 and kept for
24 hrs and sonicated for 30 minutes and it was filtered and analyzed
by using UV-Visible spectrophotometer after suitable dilution at 246
nm [12].

Differential Scanning Calorimetry (DSC): A differential
scanning calorimetry (JADE DSC Perkin Elmer, USA) was used to
study the thermal analysis of drug excipient compatibility. Firstly
binary mixtures of prednisolone sodium phosphate and drug excipient
mixture was scanned in the temperature range of 100℃-200℃ under
an atmosphere of nitrogen. The heating rate was 20℃/min and the
obtained thermograms were observed for any type of interaction [13].

Degree of swelling: The swellability of microspheres in
physiological media was determined by allowing the microspheres to
swell in the phosphate buffer pH 7.4. 100 mg of accurately weighed
microspheres were immersed in little excess of phosphate buffer pH
7.4 for 24 hrs [14]. The degree of swelling was determined by using
the following formula:

In vitro release studies: In vitro release study of microspheres was 
performed in pH progression medium using paddle type dissolution 
apparatus. First 900 ml of 0.1 N HCl, was used as dissolution media 
maintained at 37℃ ± 0.5℃ respectively, and the paddle was rotated at a 
constant speed of 100 rpm for 2 hrs [10]. Accurately weighed amount of 
microspheres equivalent to 40 mg were placed. After 2 hrs the same 
sample was place in 900 ml of phosphate buffer pH 7.4 and was rotated at 
a constant speed of 100 rpm for 10 hrs. Aliquots of sample were 
withdrawn at the interval of 1 hour. The samples withdrawn were filtered, 
diluted suitably and analyzed at 247 nm spectrophotometrically for drug 
release [15].

Kinetics release study: To analyze the mechanism of the drug 
release rate kinetics of the dosage form, the data obtained were plotted 
as:

• Cumulative percentage drug released  vs. time (in vitro release plots).
• Cumulative percentage drug released vs. square root of time (Higuchi‘s

plot).
• Log cumulative percentage drug remaining vs. time (first order plots).
• Log percentage drug released vs. log time (Peppas plots) [16].

Validation of the model
The model was validated using ANOVA calculation, and then the

estimation pure error was done. The variance of these observations
pooled over all to get an estimate of pure error of variance. The F-test
on regression and lack of fit was used for judging descriptive
properties of a model and the significance of model terms [11].

Predictions using the selected model
Once a model was selected and validated, the brute force method

was applied for the prediction of response. With the help of 3D
response surface or a 2D contour diagram, the prediction was done
using these graphics either by grid search or feasibility search
methods.

Stability studies: The selected formulations were packed in amber
colored bottles, which were tightly plugged with cotton and capped
with aluminum. They were then stored at 40℃/75% RH for 30 days
and evaluated for their drug content and in vitro dissolution study [17].
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Table 1: Formulation chart of prednisolone sodium phosphate microspheres.



Results and Discussion

Solubility study
Prednisolone sodium phosphate was found to be slightly soluble in

0.1 N HCl, freely soluble in water and phosphate buffer pH 7.4 (Table
2).

S. No. Solutions Solubilities

1 Water 0.45 ± 0.12 µg/ml

2 0.1 N HCL 0.21 ± 0.12 µg/ml

3 pH 6.8 0.35 ± 0.12 µg/ml

4 pH 7.4 0.42 ± 0.12 µg/ml

Table 2: Solubility studies.

Melting point
The melting point of the obtained drug was found to be 215℃

which is found to be within reported range of 210℃-220℃. It 
complies with the standards thus indicating the purity of the drug 
sample [12].

Compatibility study by FTIR
FTIR spectra of pure drug, polymer and their physical mixtures 

(stored at 40℃ ± 2℃/75% ± 5% RH for 2 months) were recorded. The 
drug, polymer and physical mixtures of drug and polymers were 
scanned for absorbance (Figure 1). The spectra obtained from the 
physical mixtures showed all the principal peaks at or around the 
requisite wave number of pure drug [13]. Thus it may be inferred that 
there was no interaction between drug and polymer, the purity and 
integrity of drug was maintained in the physical mixtures (Figure 2).

Figure 1: FTIR spectral data of prednisolone sodium phosphate.

Figure 2: FTIR spectra of prednisolne sodium phosphate and
sodium phosphate+chitosan.

Evaluation parameters
Scanning electron microscope: From the SEM photographs, it can

be concluded that microspheres were spherical in shape with smooth
surface (Figure 3).

Figure 3: SEM photograph of optimized formula.
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Percentage yield
The percentage yields of microspheres prepared by ion gelation

method were found to be 83.45 to 89.20. It was found that the
percentage yield of microspheres prepared as F2 formulation showed
the greater percentage yield than the other prepared concentrations
[14].

Drug content
The drug content of microspheres prepared by ion gelation method

were found to be 89.02% to 96.30%. It was found that the drug
content of microspheres prepared as F2 formulation showed the
greater percentage yield than the other prepared concentrations [15].

Entrapment efficiency
The entrapment efficiency were in the range 78.19% to 83.52%. It

showed that entrapment efficiency decreases with increase in drug to
polymer ratio.

Degree of swelling
The degree of swelling was in the range 78.19% to 83.52%. It

showed that degree of swelling increases with increase in drug to
polymer ratio (Figure 4).

Figure 4: Comparison of % yield, drug content, entrapment and
degree of swelling of formulation F1-F8.

Differential scanning calorimetry: In DSC studies melting peak
appeared at 118.18℃ for prednisolone sodium phosphate. There was
no change in melting point of binary mixture of prednisolone sodium
phosphate, chitosan and sodium tripolyphosphate which indicate that
there is no interaction between drug and polymers (Figure 5).

In vitro drug release
The in vitro release of prednisolone sodium phosphate from the 

prepared microspheres formulation was studied in phosphate buffer 
pH 7.4 for 10 hours. As the concentration of polymer increased, the 
drug release also decreased proportionally. This may be because 
chitosan retards release to more extent. Chitosan permits a protection 
for therapeutic agent from the hostile conditions of the upper 
gastrointestinal tract and release the entrapped agent specifically at the 
colon through degradation of the glycosidic linkages of chitosan by 
colonic microflora [16]. It forms the stable complexes with sodium 
tripolyphosphate. Controlled drug delivery systems follow several 
mechanisms and it is still ambiguous. Here it is followed either purely 
diffusion or erosion controlled (Figure 6).

Figure 6: Comparison of in vitro dissolution study of F1-F8 
formulation.

Kinetics of drug release
The drug release data was fitted into the different models like 

korsmeyer peppas, zero order and Higuchi equation. It suggests that 
the release of drug from the formulations may follow any one of these 
models. The r2 values of zero order of all the formulations have shown 
higher value which indicates the drug release is directly proportional 
to time which means release of prednisolone phosphate sodium 
follows zero order. But n values range from 0.764 to 0.926 which 
indicate non-Fickian diffusion mechanism.

Optimization
In the numerical optimization techniques, the desirability approach 

was used to generate the optimum settings for the formulation (Table 
3). For the optimized formulation the drug release at 1st hr the drug 
release at 5th hr and drug release at 10th were kept at minimum and %
yield, entrapment efficiency were kept maximum. The composition of 
optimized formula for microsphere is prednisolone sodium phosphate 
(500 mg), chitosan (1000 mg), sodium tripolyphosphate (1%). The 
optimized formulation was prepared according to predicted model and 
evaluated for responses.
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   Figure 5: DSC of prednisolone sodium phosphate and prednisolone 
sodium phosphate+chitosan+ sodium tripolyphosphate.



Ingredients Quantity

Drug (mg) 500

Chitosan (mg) 1000

Sodium tripolyphosphate (%) 1

Glacial acetic acid (ml) 100

Table 3: Optimized formula (F9).

Evaluation of optimized prednisolone sodium phosphate
microsphere drug content: The drug content of the formulation F9
was found to be 97.8%

Particle size analysis: The particle size of formulation F9 was
found to be 35.5 µm (Table 4).

Time
(hrs)

0 1 2 3 4 5 6 7 8 9 10

% CDR 0 16 26.1 37.6 40.6 44.9 51.1 57.8 67.6 75.2 84.3

Table 4: In vitro release studies for optimized formula.

Stability studies
These studies revealed that formulation F9 was stable in drug 

content; there was no change in the physical appearance of the

formulation and in vitro release after storage for the two months at 
40℃ ± 2℃ and 75% ± 5% RH (Table 5). The drug content of the 
formulation F9 stored at 40℃ ± 2℃ and 75% ± 5% RH was 94.89% 
and 94.32% drug release at 10th hr of the formulation F9 stored at 
40℃ ± 2℃ and 75% ± 5% RH showed 83.67% and 82.87%.

Time % CDR at 1st hr % CDR at 5th hr % CDR at 10th hr Drug content % Entrapment efficiency

Initial 15.65 43.23 84.12 95.32 82.94

1st month 14.23 42.89 83.67 94.89 81.78

2nd month 13.29 42.11 82.87 94.32 81.23

Table 5: Stability studies of formulation F9.

Conclusion
The present study has been a satisfactory attempt to formulate

microspheres of prednisolone sodium phosphate with controlled
release of the drug. Microspheres of prednisolone sodium phosphate
were successfully prepared using chitosan and sodium
tripolyphosphate polymers by ion gelation method. The particle size of
optimized formula was in the range i.e. 35.5 µm. Hence, the prepared
microspheres of prednisolone sodium phosphate may prove to be
potential candidate for safe and effective controlled drug delivery over
an extended period of time.
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