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Abstract

The aim of the present study was to develop stable nanoparticulate formulation for sustained release of Prednisolone. Chitosan nanoparticles 
were prepared by ionic gelation method using tripolyphosphate as cross-linking agent. Different nanoparticulate formulations were prepared 
by using 32 factorial design in which varying the concentration of chitosan (0.1% to 0.3%), concentration of tripolyphosphate (0.02% to 0.03%) 
as two factors. The effect of these factors on the particle size, % entrapment efficiency and in vitro drug release was evaluated to develop an 
optimized formulation. 

Particle size, % entrapment efficiency and in vitro release of optimized formulation were found to be 168.1nm, 78.53% and 70.80% 
respectively. ANOVA study applied with p < 0.01 suggests that model is significant & Contour, Surface response & overlay plot was contract to 
optimize the formulation. Optimized formulation (C-10) showed sustained drug release at the end of 11th hour compared to other formulations. 
Based on release kinetic model, the drug release data fit well to higuchi model (r2 = 0.9935) indicating the diffusion limited drug release from 
nanoparticles. Drug release mechanism according to Korsmeyer-Peppas model was found anomalous transport (n = 0.5847). Scanning electron 
microscopy (SEM) revealed that the nanoparticles were spherical in shape and there was no crystallization of drug and other excipients. Drug-
excipients compatibility confirmed by FTIR study.
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Introduction 
Inflammatory bowel disease (IBD) represents a group of 

idiopathic chronic inflammatory intestinal conditions that covers 
a group of disorders in which the intestines become inflamed 
(red and swollen), major type of IBD as crohns & ulcerative colitis 
[1-3]. Oral drug delivery system play promising role to treat 
above disease but having some limitation such as presystemic 
elimination, absorption drug through stomach unable to target 
the intestine as site of action. Nanoparticles are defined as 
particulate dispersions or solid particles with a size in the 
range of 10-1000nm. Prednisolone is anti-inflammatory actions 
of glucocorticoids are thought to involve phospholipase A2 
inhibitory proteins, lipocortins, which control the biosynthesis 
of potent mediators of inflammation such as prostaglandins and 
leukotrienes [4-6]. Present research has been focused on the 
preparation of nanoparticles using biodegradable hydrophilic 
polymers such as chitosan by ionic gelation method. 

The method involves a mixture of two aqueous phases, 
of which one is the polymer chitosan, a di-block co-polymer 
ethylene oxide or propylene oxide (PEO-PPO) and the other is  

 
a polyanion sodium tripolyphosphate. In this method, positively 
charged amino group of chitosan interacts with negative 
charged tripolyphosphate to form coacervates with a size in 
the range of nanometer. Coacervates are formed as a result of 
electrostatic interaction between two aqueous phases, whereas, 
ionic gelation involves the material undergoing transition 
from liquid to gel due to ionic interaction conditions at room 
temperature [7-8]. Resulting approach used for prolonged and/
or controlled drug delivery, Improvement of oral bioavailability, 
Targeted drug delivery to the specific sites, Minimize fluctuation 
within a therapeutic range, Decreasing dosing frequency, Patient 
compliance is also improved [9-12].

Materials & Methods
Prednisolone was obtained from Cadila healthcare pvt 

ltd Ahmadabad, Chitoson, Schiff ’s reagent purchased from 
Chemdyes Corporation, Rajkot, India. Sodium tripolyphosphate 
purchased from Molychem, Bombay, India, Pluronic F-127, 
Mucin was obtained from Sigma Aldrich, Mumbai, India All other 
solvent and reagents were of analytical grade.
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Analytical Method Development: UV-Visible 
Spectrophotometric Method
Table 1: Composition of Phosphate buffer (pH 7.4).

Ingredients Quantity

Disodium hydrogen phosphate (Na2HPO4) 2.58 gm

Potassium dihydrogen phosphate (KH2PO4) 0.19 gm

Sodium chloride (NaCl) 8.0 gm

In the present work, Prednisolone was estimated by UV-
Visible Spectrophotometric method using dissolution media 
phosphate buffer saline (PBS) pH 7.4. Preparation of phosphate 
buffer saline (pH 7.4) [13] All ingredients were dissolved in 1 
liter of distilled water and pH was adjusted to 7.4 with 1M NaOH 
(Sodium hydroxide) (Table 1).

Determination Of UV Absorption Maxima
10 μg/ml solution of Prednisolone was prepared in 

phosphate buffer saline pH 7.4. The absorbance of these was 
measured at entire range of UV (200-400 nm) for determination 
of λmax (wavelength maxima).

Spectrophotometric Analysis of Prednisolone 

Preparation of Stock Solution
100 mg Prednisolone was weighed accurately using digital 

analytical balance and transferred to 100 ml volumetric flask 
dissolved in phosphate buffer saline pH 7.4 and the final volume 

was made up to 100 ml with phosphate buffer saline pH 7.4 to 
get a stock solution A (1000 μg/ml). From the stock solution A, 
10 ml was pipette out into 100 ml volumetric flask and the final 
volume was made up to 100 ml with phosphate buffer saline pH 
7.4, to get stock solution B (100 μg/ml) [13].

Preparation of Standard Curve
From the stock solution B, further serial dilutions were 

made with phosphate buffer saline pH 7.4 to get the solutions 
in the range of 4-20 μg/ml concentration. The absorbance 
of the samples was recorded at 248 nm using UV-Visible 
spectrophotometer against phosphate buffer saline pH 7.4 
solution as blank.

Drug-Excipients Compatibility Study
Fourier transform infrared spectroscopy was carried out for 

solid samples to detect if any interactions were present between 
the drug and polymers [14]. The samples were prepared by the 
potassium bromide disc method. Powders were triturated in a 
small size glass mortar and pestle until the powder mixture was 
fine and uniform. The pellets were prepared by compressing the 
powders at 20 psi for 10 min using potassium bromide - press. 
Pure KBr powder was used as background, and for baseline 
correction. Prepared sample disc was placed in a sample holder. 
Afterwards, the sample was transferred to sample compartment. 
Samples were scanned in the region of 4000-400 cm-1 using a 
brucker FTIR spectrometer.

Formulation of Chitosan Nanoparticles (Preliminary Screening)
Table 2: Composition of Nanoparticles.

Batch no. Prednisolone 
(mg) Chitosan (%) Tripoly- Phosphat 

e (%) Pluronic F-127 (%) Lactose (%) Mannitol (%) Sorbital (%)

F-1 40 0.1 0.025 5 2 - -

F-2 40 0.2 0.025 5 2 - -

F-3 40 0.3 0.025 5 2 - -

F-4 40 0.4 0.025 5 2 - -

F-5 40 0.5 0.025 5 2 - -

F-6 40 0.6 0.025 5 2 - -

F-7 40 0.2 0.1 5 2 - -

F-8 40 0.2 0.08 5 2 - -

F-9 40 0.2 0.06 5 2 - -

F-10 40 0.2 0.04 5 2 - -

F-11 40 0.2 0.02 5 2 - -

F-12 40 0.2 0.01 5 2 - -

F-13 40 0.2 0.02 0.5 2 - -

F-14 40 0.2 0.02 1 2 - -

F-15 40 0.2 0.02 2 2 - -

F-16 40 0.2 0.02 3 2 - -

F-17 40 0.2 0.02 4 2 - -

F-18 40 0.2 0.02 5 2 - -

F-19 40 0.2 0.02 3 1 - -

F-20 40 0.2 0.02 3 3 - -
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F-21 40 0.2 0.02 3 5 - -

F-22 40 0.2 0.02 3 7 - -

F-23 40 0.2 0.02 3 - 5 -

F-24 40 0.2 0.02 3 - - 5

Chitosan Nanoparticles were prepared by ionic gelation 
method. First of all measured quantity of chitosan polymer 
was dissolved in 1%v/v acetic acid solution in one beaker. 
Solublize Pluronic F-127 in above solution. In another beaker, 
prepare solution of tripolyphosphate containing drug in 
distilled water. Add chitosan solution drop wise to the solution 
of tripolyphosphate under gentle magnetic stirring at room 
temperature for 1 hr. In all cases, the volume ratio of Chi: TPP 
solution was 2:1. Nanoparticles formed spontaneously in 
suspension form and freeze dried it [14] (Table 2).

Evaluation of Nanoparticle (Preliminary Batches)
Preliminary batches further evaluated for to study the 

influence of polymer, stabilizer, cryoprotectanat on performance 
of Nanoparticle. The particle size & PDI, % Entrapment efficiency 
and % drug release study were performed details procedure 
mentioned in section of characterization.

Optimization of Formulation by 32 Full Factorial 
Designs 32 Factorial Designs

To study all the possible combinations of all factors at 
all levels, a two-factor, three-level full factorial design was 
constructed and conducted in a fully randomized order [15]. 
The dependent variables measured were particle size (Y1), % 
entrapment efficiency (Y2) and in vitro drug release (Y3) in 
phosphate buffer saline (pH 7.4). Two independent variables, 
the concentration of chitosan (X1) and the concentration of 
tripolyphosphate (X2) were set at three different levels. 

Table 3: Composition of Factorial batches of Nanoparticles.

Batch Independent Variable level 
in coded forms

Chitosan 
(mg)

TPP 
(mg)

Drug 
(mg)

C-1 -1 -1 100 40 20

C-2 0 -1 200 40 20

C-3 1 -1 300 40 20

C-4 -1 0 100 40 30

C-5 0 0 200 40 30

C-6 1 -1 300 40 30

C-7 -1 1 100 40 40

C-8 0 1 200 40 40

C-9 1 1 300 40 40

High and low levels of each variable were coded as +1 and -1, 
respectively and the mean value as zero. 0.1%, 0.2% and 0.3% 
are low, medium and high level respectively for concentration of 
chitosan and 0.02%, 0.03% and 0.04% are low, medium and high 
level respectively for TPP concentration this design was selected 
as it provides sufficient degree of freedom to resolve the main 

effects as well as the factor interactions. The conc. Of Stepwise 
regression analysis was used to find out the control factors that 
significantly affect response variables (Table 3).

Characterization of Nanoparticles

Determination of Particle Size and Poly Disparity 
Index (PDI)

The mean vesicle size and vesicle size distribution was 
obtained by Zeta sizer. 1 ml suspension was diluted to 100 times 
with the deionized water. The sample was analyzed using Zeta 
sizer (Nano ZS, Malvern) [16].

Determination of Zeta Potential
Zeta potential of nanoparticle was measured by dynamic 

light scattering using Malvern Zetasizer [16].

Determination of % Entrapment Efficiency
% Entrapment efficiency of nanoparticle was determined by 

ultra filtration method. 2 ml of Nanoparticles suspension was 
placed into a centrifugal tube which was centrifuged at 10,000 
rpm for 15 min at 25°C. The amount of free drug in supernatant 
was detected by Shimadzu UV1800. The amount entrapped drug 
was calculated as a result of initial drug minus free drug [17].

              %  *100
   

weight of initial drug weight of free drugEntrapment efficiency
Weight of initial drug

−
=

Mucoadhesion Study 

Mucoadhesion studies of nanoparticles were performed by 
mucus glycoprotein assay. Schiff colometric method was used 
for determining the amount of free mucin to find out amount of 
adsorbed mucin on the nanoparticles. Calibration curve of mucin 
was prepared. For that standard solutions of mucin (125, 250, 
325, 500 μg/ml) were prepared in distilled water. These samples 
were incubated at 37°C in a water bath for 1 hour. Then, at room 
temperature, 0.20 ml Schiff reagent was added to the samples. 
After 30 minutes the absorbance of the solution was recorded at 
556 nm in an ultraviolet spectrophotometer [18]. 

A standard calibration curve was plotted to calculate the 
mucin content adsorbed to nanoparticles. Secondly determine 
the mucoadhesion of the nanoparticles, for that 10 mg of the 
nanoparticles were dispersed in 20 ml of the mucin solution (0.5 
mg/ml). The suspensions were incubated for 1 hour at 37°C with 
shaking. 0.2 ml Schiff reagent was added to the above solution 
and kept it at room temperature for 30 min. In order to analyze 
unadsorbed free mucin, the suspensions were then centrifuged 
at 12,000 rpm for 5 minutes, and the supernatants were analyzed 
by spectrophotometer at the visible wavelength of 556 nm.
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In vitro Release Study of Nanoparticles
Phosphate buffer saline (PBS) pH 7.4 was selected for 

the release medium. The lyophilized Prednisolone loaded 
nanoparticles were suspended in 5 ml phosphate buffer saline 
(PBS) at pH 7.4 to form the suspension and transferred into 
a pre- swelled dialysis bag (MW cut-off: 12,000-14,000 Da). 
The dialysis bag was immersed in 100 ml PBS (pH 7.4). The 
release study was performed at 37°C and 100 rpm in a constant 
temperature shaker. After selected time intervals, 5 ml dialysis 
solution outside the dialysis bag was withdrawn for UV-Vis 
analysis and replaced with 5 ml fresh buffer solution. Then 
their absorbance was determined at 248nm by UV-Visible 
spectrophotometer [19].

SEM Study
The shape and surface morphology of the nanoparticles 

were studied using scanning electron microscopy (SEM). 
Nanoparticles were fixed with carbon tape, mounted on metal 
stubs and then coated with platinum, keeping the acceleration 
voltage at 10 kV [20].

Release Rate Kinetics
To study the release kinetics of Prednisolone from 

nanoparticles, the release data were fitted to the following 
equations

Zero Order Equation

To study the release kinetics, data obtained from in vitro 
drug release studies were plotted as cumulative amount of drug 
released versus time

Qt = K0.t

Where, Qt = percentage of drug released at time t K0 = 
release rate constant [21].

First Order Equation

The data obtained are plotted as log cumulative percentage 
of drug remaining versus time which would yield a straight line 
with a slope of -K/2.303

ln (100 - Qt) = ln 100 – K1.t

here, K1 = first order release rate constant [22].

Higuchi’s Equation

The data obtained were plotted as cumulative percentage 
drug release versus square root of time.

Qt= KH.t 1/2

Where, KH = Higuchi release rate constant [23].

Hixson-Crowell Equation

To study the release kinetics, data obtained from in vitro drug 
release studies were plotted as cube root of drug percentage 
remaining in matrix versus time

W0 1/3 – W11/3 = K HC.t

Where, K HC= Hixson-Crowell rate constant [23].

Korsmeyer-Peppas equation

Korsmeyer et al. (1983) derived a simple relationship which 
described drug release from a polymeric system equation

Qt/Q∞ = KKp.tn

Where, Qt/Q∞ = fraction of drug released at time t, KKP = 
korsmeyer-peppas rate constant compromising the structural 
and geometric characteristics of the device,

Table 4: Release mechanism of drug.

Release 
exponent (n)

Drug transport 
mechanism

Rate as a function of 
time

0.5 Fickian diffusion t -0.5

0.45<n = 0.89 Non-fickian transport tn -1

0.89 Case II transport Zero order release

Higher than 0.89 Super case II transport tn -1

n = release exponent, which is indicative of the mechanism of 
drug release [24,25]. To study the release kinetics, data obtained 
from in vitro drug release studies were plotted as log cumulative 
percentage drug release versus log time (Table 4).

Results and Discussion

Identification of UV Absorption Maxima (Λmax)

Figure 1: UV spectrum of Prednisolone in PBS pH 7.4.

Calibration Curve of Prednisolone in PBS buffer (pH 7.4): 
Calibration curve of Prednisolone was prepared in phosphate 
buffer pH 7.4 at λmax 248 nm. Slope and regression value 
(r2) was found to be 0.0493 and 0.9978 respectively (Table 5) 
(Figures 1 & 2).

Table 5: Absorbance at different concentration of Prednisolone in 
PBS pH 7.4.

Concentration 
(μg/ml)

Absorbance (λmax = 248 nm) Average Absorbance 
± S. DI

0 0 0 0 0

4 0.221 0.225 0.225 0.224±0.002

8 0.41 0.413 0.414 0.412±0.002

12 0.586 0.59 0.591 0.589±0.002

16 0.795 0.797 0.799 0.797±0.002

20 0.968 0.969 0.966 0.968±0.0015
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Figure 2: Calibration curve of Prednisolone in PBS pH 7.4.

Table 6: Interpretation of IR spectra of Prednisolone.

No. Reported 
peak(cm-1)

Observed 
peak(cm-1) Group

1 1700 to 1600 1653 C=O group

2 3500 to 3300 3455 OH group

3 Above 3000 3356.56; 3045.47 Aromatic ring

4 1500 to 1300 1443.59; 1375.08 C-H bending 
vibration

5 1900 to 1500 1653.84; 1604.19 aromatic C=C 
bending

FTIR Spectra of Prednisolone: FTIR spectra of pure drug 
Prednisolone is shown in fig. 3 and its interpretation is given in 
(Table 6) (Figure 3).

Figure 3: FTIR spectra of Prednisolone.

Figure 4: FTIR spectra of mixture (drug & excipients).

All characteristic peak of drug and polymer were present 
in FTIR of drug and excipients (Figure 4). In the FTIR Spectra, 
Prednisolone shows characteristic peak at 1653 cm-1 (carbonyl 
group), 3455 cm-1 (hydroxyl group), 3045.17, 3356.56 cm-
1(aromatic ring), 1357.08, 1443.59 cm-1(C-H bending vibration). 
The peaks were also appearing in mixture in Prednisolone and 
chitosan polymer. So FTIR gave conformation about their purity 
and showed no interaction between drug and polymer [26].

Evaluation of Prednisolone Nanoparticles 
(Preliminary Batches) Determination of Particle 
Size & % Entrapment Efficiency (Effect of chitosan 
concentration)

Here, concentration of chitosan was increased from batch 
F-1 to F-6 respectively and at that time other components were 
kept constant. (Table 7) shows the results for particle size and 
% entrapment. From the result it was seen that particle size of 
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chitosan nanoparticles increases as concentration of chitosan 
was increased. As concentration of chitosan increased, viscosity 
of solution increased which prevents effective ionic interaction 
between tripolyphosphate and chitosan solution that increased 
the size of nanoparticles and percentage of entrapped drug was 
found to be above 60. From above batches F-1, F-2, F-3 were 
selected for factorial design which contains 0.1%, 0.2% and 
0.3% concentration of chitosan respectively.

Table 7: Effect of Chitosan on Particle size & % E.E. of F-1 to F-6.

Batch no. Particle size (nm) % Entrapment

F-1 151.3 60.27

F-2 178.9 63.5

F-3 200.2 64.97

F-4 242.5 62.8

F-5 267.5 61.66

F-6 288.4 64.12

Determination of Particle Size & % Entrapment 
Efficiency (Effect of Triphosphate concentration)
Table 8: Effect of TPP on Particle size & % E.E. of F-7 to F-12.

Batch no. Particle size (nm) % Entrapment

F-7 345.4 73.86

F-8 332.7 60.6

F-9 298.3 55.13

F-10 251.5 75.49

F-11 173.4 71.35

F-12 168.9 65.21

Here, concentration of TPP was decreased gradually from 
batch F-7 to F-12 and at that time other components were kept 
constant (Tables 4 & 5) shows the results for particle size and % 
entrapment (Table 8). From the result it was seen that particle 
size of chitosan nanoparticles decreases as concentration of TPP 
was decreased. This could be due to the decrease in the amount 
of anionic groups in the preparation medium, which causes less 
electrostatic interaction with positive amino sites on chitosan 
and drug entrapped in the nanoparticles was above 60%. From 
above batches we show that better results were obtained when 
concentration of TPP was between 0.02% to 0.04% so we 

selected 0.02%, 0.03% and 0.04% as low, medium and high level 
in factorial design respectively.

Determination of Particle Size (Effect of Pluronic 
F-127 concentration)

Screening batches F-13 to F-18 were prepared for screening 
of pluronic F-127 as stabilizing agent. Here, concentration 
of pluronic F-127 was increased from batch F-13 to F-18 
respectively and results are shown in (Table 9). From the result 
it was shown that particle size decreased as concentration of 
pluronic F-127 increased and polydispersity index (PDI) also 
decreased. Stabilizer was used to stabilize the formulation. When 
concentration of stabilizer was low, aggregates were formed due 
to less stability of particles, so size of particle was increased 
and PDI was also reduced as concentration of stabilizer was 
increased which indicate presence of monodisperse particle 
in formulation. From above batches, F-16 batch contains 3% 
pluronic F-127 was selected to use in factorial batches.

Table 9: Effect of Pluronic F-127 on Particle size & PDI of F-13 to 
F-18.

Batch no. Particle size (nm) PDI Observation

F-13 381.7 0.61 Aggregates

F-14 215.2 0.552 Aggregates

F-15 200.4 0.528 Aggregates

F-16 183.5 0.235 No aggregates

F-17 189 0.206 No aggregates

F-18 198.3 0.371 No aggregates

Determination of Particle Size & PDI (Effect of 
Cryoprotectant concentration)
Table 10: Effect of Pluronic F-127 on Particle size & PDI of F-19 
to F-24.

Batch no. Particle size PDI Observation

F-19 401.9 0.469 Aggregates

F-20 368.2 0.388 No aggregates

F-21 190.5 0.202 No aggregates

F-22 194.7 0.371 No aggregates

F-23 445.6 0.81 Aggregates

F-24 981.2 1 Aggregates

Figure 5: Particle size analysis of F1-F-23.
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Cryoprotectant was added to the formulation before freeze 
drying process to prevent damage of internal structure of 
formulation and prevent formation of aggregates and stabilize 
the nanoparticles. Here different cryoprotectants with different 
concentrations were selected and results were showed in (Table 
10). From result one showed that lactose gave better results than 
PDI value and no aggregates were formed after freeze drying 
process (Figure 5).

Evaluation of Factorial Batches of Prednisolone 
Nanoparticles

Determination Particle Size & PDI
Table 11: Particle size, PDI & % EE of Factorial batches (C-1 to 
C-9).

Batch Particle size 
(nm)

Polydispersity 
index (PDI)

Entrapment 
efficiency (%)

C-1 163.1 0.221 67.12

C-2 184.9 0.232 66.25

C-3 199.2 0.351 68.49

C-4 162.2 0.197 73.45

C-5 182.4 0.257 72

C-6 201.2 0.168 73.26

C-7 165.2 0.269 77.16

C-8 183.1 0.245 79.13

C-9 204.3 0.273 78.54

The particle size and size distribution of the Prednisolone 
loaded nanoparticles in aqueous solution were determined by 
dynamic light scattering (DLS) and the results were displayed 
in (Table 11). Particle size is very useful in understanding 
various properties of the nanoparticles for example dispersion, 
aggregation and it also affects the biological uptake of the 
particles. The nanoparticles should be small enough to improve 
drug delivery, lower the toxicity and for longer duration of time 
at the site of delivery; they are around 200 nm with particle size 
distribution (PDI below 0.500). The polydispersity index (PDI) 
suggested that the obtained Prednisolone loaded nanoparticles 
were monodisperse and did not aggregate in water. Such ranged 
nanoparticles may accumulate more readily at the inflammatory 
site

Determination Entrapment Efficiency (%)
At least 80% of Prednisolone was entrapped in the 

nanoparticles it was observed that there was increase in %E.E 
with increase in amount of polymer and cross-linking agent. 

Hence more time may require by drug molecules for diffusing 
out of polymer matrix as polymer concentration and cross-
linking concentration increases because it form more cross-
linked structure of particle.

Mucoadhesion Study

Calibration Curve of Mucin
Calibration curve of mucin construct by taking concentration 

range as 125 -500 µg/ml & resulting absorbance at 556 nm linier 
relation obtained between conc. vs absorbance supported by r2 
as 0.998 (Figure 6) (Table 12).

Figure 6: Calibration curve of Mucin.

Table 12: Calibration curve of Mucin.

Sr.no. Conc. (µg/ml) Absorbance (556 nm)

1 0 0

2 125 0.259±0.023

3 250 0.478±0.031

4 325 0.612±0.042

5 500 0.887±0.058

Determination of Mucoadhesion Strength of Mucin

Figure 7: Mucoadhesive strength of Mucin.

Table 13: Mucoadhesive strength of Mucin.

Batch no Absorbance Conc. (μg/ml) % of free mucin % of adsorbed mucin

C-1 0.185 75.47 15.09 84.90 ±0.11

C-2 0.163 62.53 12.5 87.49 ±0.23

C-3 0.147 53.11 10.62 89.37 ±0.32

C-4 0.177 70.76 14.15 85.84 ±0.24

C-5 0.159 60.17 12.03 87.96 ±0.56

C-6 0.132 44.29 8.85 91.14±0.41
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C-7 0.172 67.82 13.56 86.43 ±0.11

C-8 0.155 57.82 11.56 88.43 ±0.25

C-9 0.13 43.12 8.62 91.67±0.36

As polymer concentration increase, mucoadhesion property 
of nanoparticles was also increased. High mucoadhesivity of 
the nanoparticles is attributed to the hydrogen bond and ionic 
interaction of the positive charge of chitosan amino groups with 
mucin chains. Smaller particles show higher mucoadhesion 

than for larger paticles because small particles provide large 
surface area and increase in mucin adsorption, which lead to a 
high mucoadhesive property for the nanoparticles as shown in 
(Figure 7) (Table 13).

In Vitro Release Study
Table 14: In –vitro release data of factorial batches (C1-C9).

Time (hr.) % Cumulative Drug Release

e C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9

0 0 0 0 0 0 0 0 0 0

1 19.92 15.95 11.38 19 19.51 16.05 19.51 15.54 11.78

2 38.24 22.69 19.73 30.32 23.62 23.3 27.57 23.01 21.67

3 44.12 24.97 28.72 33.02 28.23 26.9 33.22 28.63 26.89

4 46.44 38.94 33.75 38.98 33.06 30.41 39.48 32.34 30.4

5 48.06 43.19 36.46 46.27 39.43 33.32 43.83 37.39 34.32

6 50.08 44.08 39.68 48.7 42.25 38.67 46.36 43.76 38.45

7 52.32 46.61 42.1 52.35 46.81 42.71 53.05 48.93 43.1

8 64.71 57.58 48.48 60.28 53.91 46.65 57.73 55.23 49.39

9 66.67 66.94 53.76 67.92 63.06 55.59 63.84 59.81 55.28

10 70.87 70.53 59.15 70.8 66.13 60.47 66.61 64.09 59.35

11 75.28 72.7 69.64 73.38 71.45 67.3 70.2 69.41 65.67

Figure 8: In-vitro release profile of factorial batches (C1-C9)

The release profiles of different Prednisolone loaded 
nanoparticles were investigated in phosphate buffer saline pH 

7.4 solution at 37°C. All nanoparticles exhibited a fast release of 
Prednisolone at the initial stage and a sustained release in the 
following time. As concentration of polymer and cross-linking 
agent was increased more cross-linked structure was formed 
which took more time to diffuse out drug from polymer matrix 
so it sustained the release of drug. Drug release from higher 
polymer concentration and TPP concentration were slower than 
lower polymer concentration and TPP concentration (Table 
14) (Figure 8). are show that nanoparticles of Prednisolone 
give biphasic release behavior. After the initial burst release 
for about 3 hr., the release rate of Prednisolone slow down and 
follow Higuchi model. The burst release of nanoparticles might 
be due to the diffusion of drug that was adsorbed on the surface 
of nanoparticles.

Determination of Release Rate Kinetics
Table 15: In –vitro release data of factorial batches (C1-C9).

Batch no. Zero order (r2) First order (r2) Higuchi model (r2) Hixson Crowell (r2) Korsmeyer Peppas (n) Transport

C-1 0.8812 0.7647 0.9133 0.8115 0.5729 Anomalous

C-2 0.977 0.9178 0.9654 0.9495 0.6399

C-3 0.9739 0.8808 0.9628 0.9306 0.6927

C-4 0.9864 0.9243 0.9807 0.9549 0.5561

C-5 0.9917 0.982 0.9532 0.9925 0.5656

C-6 0.9848 0.9716 0.9425 0.987 0.5747

C-7 0.9911 0.931 0.9909 0.9591 0.5369

C-8 0.9978 0.9454 0.9817 0.9733 0.6265

C-9 0.9917 0.9095 0.975 0.954 0.674
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The r2 value is considered as the tool for repressing the 
best fitting kinetic model. The value of regression correlation 
coefficient for most of the formulations was highest in case of 
zero order release, so drug release from nanoparticles followed 
zero order release (Table 15). Drug release mechanisms of the 
nanoparticles were evaluated using the Korsmeyer -Peppas 
model. In this model, the value of n identified the release 
mechanism of drug. The n value for most of the batches was 

found between 0.5 and 1, which confirmed that mechanism of 
drug release follows an anomalous transport.

Statistical Analysis and Factor Influence Study
Statistical analysis was carried out for the data of particle 

size, % entrapment efficiency and in vitro release study. These 
three factors were considered as dependent variables for the 
study. Analysis and optimization were carried out by using 
design expert 8.0.7.1 software.

ANOVA (Analysis of Variance) Analysis for Particle Size
Table 16: ANOVA of particle size.

Source Sum of square df Sum of square F value p-value Prob > F  

Model 2186.19 5 437.24 125.79 0.0011

significant

A-Chitosan conc 2173.61 1 2173.61 625.33 0.0011

B-TPP conc 4.86 1 4.86 1.4 0.3222

AB 2.25 1 2.25 0.65 0.4799

A2 1.74 1 1.74 0.5 0.53

B2 3.74 1 3.74 1.07 0.3761

Residual 10.43 10.4 3 3.48  

Cor Total 2196.62 6    

r2 0.9953    

ANOVA for response surface quadratic model for particle size 
was found to be significant as p-value for the model is 0.0011 
which is less than 0.05 (Table 16). Both the independent factors 
are having p-value less than 0.05 indicating the significant effect 
of the factors on the response. Interaction p-value was 0.4799 
which indicates that there was no significant interaction between 
factors. r2 value was found to be 0.9953 indicating the linearity 
of the model. Above equation represents the quantitative effect 
of the independent factors on the particle size written in terms 
of coded factors. Polynomial equation obtained indicated that 
both the factors have same effects on the particle size. It showed 
that factor A (concentration of chitosan) have positive effect on 
particle size i.e. as the A increases particles size also increases. 

Factor B (concentration of TPP) also have positive effect on the 
particle size i.e. as the B increases particle size also increases.

Polynomial Equation
The response (Y1) obtained at various levels of the 2 

independent variables (X1 and X2) were subjected to multiple 
regression to yield a second-order polynomial equation (full 
model). Equation clearly reflects the wide range of values for 
response (Y1).

Particle size = +182.56 +19.03 * A +0.90 * B +0.75 * A*B -0.93 
* A2 +1.37 *B2

The positive effect of concentration of chitosan & TPP on 
particle size i.e. increases as concentration increases.

ANOVA (Analysis of Variance) analysis for % entrapment efficiency
Table 17: ANOVA of % EE.

Source Sum of square df Sum of square F value p-value Prob > F  

Model 182.88 5 36.58 26.41 0.011 significant

A-Chitosan conc 1.09 1 1.09 0.79 0.4399  

B-TPP conc 181.17 1 181.17 130.83 0.0014  

AB 2.50E-05 1 2.50E-05 1.81E-05 0.9969  

A2 0.59 1 0.59 0.43 0.5604  

B2 0.03 1 0.03 0.021 0.893  

Residual 4.15 3 1.38    

Cor Total 187.04 8     

r2 0.9778      

ANOVA for response surface quadratic model for % 
entrapment efficiency was found to be significant as p-value 
for the model is 0.0110 which is less than 0.05 (Table 16). 
Factor A (concentration of chitosan) have p-value of 0.4399 

which indicated that factor A has insignificant effect on the % 
entrapment efficiency. While p-value for factor B was 0.0014 
which indicated that it has significant effect on the % entrapment 
efficiency. Interaction p-value was 0.9969 which indicates that 
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there was no significant interaction between factors. r2 value was 
found to be 0.9778 indicating the linearity of the model. Above 
equation represents the quantitative effect of the independent 
factors on the % entrapment efficiency written in terms of coded 
factors (Table 17).

Polynomial Equation
The response (Y1) obtained at various levels of the 2 

independent variables (X1 and X2) were subjected to multiple 
regression to yield a second-order polynomial equation (full 

model). Equation clearly reflects the wide range of values for 
response (Y2). 

% EE = +72.54 +0.43 * A +5.50 * B +2.500E-003 * A*B +0.54 
* A2 -0.12 *B2

Polynomial equation obtained indicated that only factors B 
have effect on % entrapment efficiency. It showed that factor B 
(concentration of TPP) have positive effect on % entrapment 
efficiency i.e. as the B increases % entrapment efficiency also 
increases.

ANOVA (Analysis of Variance) analysis for in vitro release
Table 18: ANOVA of % drug release.

Source Sum of square df Sum of square F value p-value Prob > F  

Model 71.57 5 14.31 49.55 0.0044 significant

A-Chitosan conc 44.01 1 44.01 152.33 0.0011  

B-TPP conc 25.38 1 25.38 87.84 0.0026  

AB 0.31 1 0.31 1.07 0.3778  

A2 1.77 1 1.77 6.14 0.0895  

B2 0.1 1 0.1 0.36 0.5929  

Residual 0.87 3 0.29    

Cor Total 72.44 8     

r2 0.988      

ANOVA for response surface quadratic model for In vitro 
release of drug was found to be significant as p-value for the 
model is 0.0044 which is less than 0.05 (Table 17). Both the 
independent factors are having p-value less than 0.05 indicating 
the significant effect of the factors on the response. Interaction 
p-value was 0.3778 which indicates that there was no significant 
interaction between factors. r2 value was found to be 0.9880 
indicating the linearity of the model. Above equation represents 
the quantitative effect of the independent factors on the in vitro 
release written in terms of coded factors (Table 18).

Polynomial Equation
Polynomial equation obtained indicated that both the factors 

have same effects on the in vitro release. It showed that factor 
A (concentration of chitosan) have negative effect on in vitro 
release i.e. as the A increases in vitro release decreases. Factor B 
(concentration of TPP) also have negative effect on the in vitro 
release i.e. as the B increases in vitro release decreases 

In vitro release = +71.34 -2.71 * A -2.06 * B +0.28 * A*B -0.94 
* A2 -0.23 *B2

Optimization of Formulation

Contour & Surface Response Plot for Particle Size
(Figures 9 & 10) shows that as the concentration of chitosan 

increases particle size also increased and as the concentration of 
TPP increases particle size found to be increased slightly means 
it has very less effect on particle size. The smallest particle 
size area is corresponds to blue region of the graphs which 
represents lowest concentration of chitosan and TPP. Contour 
plot and response surface plot for % Entrapment efficiency: As 

the concentration of TPP increased entrapment efficiency also 
increased. Concentration of chitosan does not have any effect 
on the entrapment efficiency. Red region in the graph shows 
the highest entrapment efficiency which corresponds to higher 
concentration of TPP (Figures 11 & 12).

Figure 9: Contour plot for particle size.

Contour plot and response surface plot for % Drug release: 
As the concentration of chitosan increases in vitro release 
is decreasing and as the concentration of TPP increased in 
vitro release was found to be decreasing. This shows that as 
concentration of chitosan and TPP increased it sustained the 
release of drug for longer duration of time because of cross 
linking between polymer and cross-linking agent. The slower 
release of drug is corresponding to blue region of the graphs 
which represents highest concentration of chitosan and TPP 
(Figures 13 & 14).
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Figure 10: Response surface plot for particle size.

Figure 11: Contour plot for % E.E.

Figure 12: Contour plot for particle size.
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Figure 13: Contour plot for % drug release.

Figure 14: Response surface plot for % drug release.

Overlay Plot

Figure 15: Overlay plot for optimization of nanoparticle.
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Overlay plot was obtained by superimposing the critical 
response contours on a contour plot. Graphical optimization 
displays the area of feasible response values in the factor space. 
Regions that do not fit the optimization criteria are shaded. The 

yellow region indicates the area in which optimized formulation 
can be formulated. The yellow portion covered one point that 
near to (-1,+1) value that means formulation C-7 (Figure 15).

Evaluation of Check Point Batch

Figure 16: Particle size for check point batch (C-10).

Figure 17: Zeta potential of check point batch (C-10).

To determine, whether the selected model was correct or 
not, check point batch was prepared. Quantity of the ingredients 
was chosen from the Design- Expert version 8.0.7.1 software. It 

provides theoretical results. Same quantities of ingredients were 
taken and check point batch was formulated and evaluated for 
the desired responses (Figures 16 & 17) (Table 19).

Table 19: particle size, % EE & % drug drug release from check point batch (C-10).

Sr no. Batch result Particle size (nm) %Entrapment efficiency In vitro release

1 Check point (predicted) 165.847 77.177 70.889

2 Check point (observed) 168.1 78.53 70.8

In Vitro Release of Optimized Batch
Table 20: In vitro release of 70.80% drug in 11 hr from check point batch which indicate sustained release of drug for longer duration of time.

Time (hr) 0 1 2 3 4 5 6 7 8 9 10 11

% CDR 0 16.9 27.37 33.01 39.18 43.11 47.16 53.25 57.83 64.45 67.02 70.8
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In vitro release of 70.80% drug in 11 hr from check point batch which indicate sustained release of drug for longer duration of 
time (Figure 18) (Table 20). 

Figure 18: In –vitro release profile of Check point batch.

Release Kinetic Modeling
According to this data formulation follow higuchi model and 

release mechanism is anomalous transport, which means release 
of drug is by erosion and diffusion mechanism (Table 21).

Table 21: Kinetic modeling for check point batch (C-10).

Zero order release First order release Higuchi model Hixson Crowell model Korsmeyer Peppas model Release mechanism

K 0 r2 K1 r2 KH r2 KHC r2 n

Anamalous transport5.182 0.98 0.05 0.902 23.13 0.9935 0.142 0.94 0.5847

1 71 43     12  

SEM Study

Figure 19: SEM photogram of optimized nanoparticle at 1000 X magnification.

Figure 20: SEM photogram of optimized nanoparticle at 2700 X magnification.

http://dx.doi.org/10.19080/GJPPS.2019.07.555702


Global Journal of Pharmacy & Pharmaceutical Sciences

How to cite this article: Ganesh S B, GV Shinde, Rajesh K. Formulation and Optimization of Nanoparticale by 32 Factorial Design for Colon Targeting.
. Glob J Pharmaceu Sci. 2019; 7(1): 555702. DOI: 10.19080/GJPPS.2019.07.555702.0015

Shape and surface morphology were investigated using 
scanning electron microscopy (Figures 19 & 20) of check point 
batch indicates that the cross-linked chitosan nanoparticle 
possessed a nearly smooth surface and spherical shape.

Conclusion

Prednisolone loaded chitosan nanoparticles were prepared 
by ionic gelation method. In this method chitosan was cross 
linked with tripolyphosphate. The nanoparticles were spherical 
in shape. The optimized formulation showed particle size around 
168 nm with good entrapment efficiency. In vitro evaluation 
shows that the nanoparticles seem to be a sustained dosage 
form of Prednisolone for inflammatory bowel disease. Factorial 
design indicates that higher concentration of chitosan leads to 
increase in particle size and sustained release of drug and higher 
concentration of tripolyphosphate leads to higher entrapment 
efficiency and sustained release of drug from nanoparticles.
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