
Varde Neha M et al                                                  Int. J. Chem. Pharm. Sci., 2013,Vol.1(2)  
 

                                                 Pharma Research Library                                                      147 
 

Available online at www.pharmaresearchlibrary.com               

Pharma Research Library 

International Journal of Chemistry and Pharmaceutical Sciences 

2013, Vol.1 (2): 147-164 

                                                                                                                  ISSN 2321-3132                                                                                                                   

 
                                                                      Pharma Research 

                                                                                                                       Library 
                                                                                                                      

Formulation Optimization and Evaluation of Liposomal Gel of 

Prednisolone by Applying Statistical Design 
 

Varde Neha M*, Joshi Darshana P, C. Sini Srendran, Shah Viral H, Upadhyay U.M 
 

Sigma Institute of Pharmacy, Bakrol, Vadodara, India 
*E-mail: varde_neha@yahoo.com 

 

 

 

 

 

 

 

 

Introduction 
 

Prednisolone (11β)-11, 17, 21-trihydroxypregna-1, 4-diene-3,20-dione is a steroidal drug with predominant 
glucocorticoid and  low mineral corticoid activity. It is mainly used for the treatment of a wide range of 
inflammatory and autoimmune diseases such as asthma, multiple sclerosis, rheumatoid arthritis, autoimmune 
hepatitis etc. Prednisolone is also known as ‘disease modifying antiarthritic drugs’ because of its anti inflammatory 
action by inhibiting gene transcription for COX-2, cytokines, cell adhesion molecules, and inducible NO synthetase. 

ABSTRACT  

Prednisolone which is intended to use in various disease shows severe side effects on oral administration due to 
shorter half life. The drug also is not suitable to be given parenterally due to rapid clearance. The present research 
work was aimed to deliver Prednisolone transdermally by encapsulating in lipid vesicle. The liposomal 
formulation of Prednisolone was prepared and optimized following BBD. In which Soya Lecithin, DPPC and 
Cholesterol taken as independent variables at 3 different levels. The so prepared liposomal formulation was 
characterised for parameters like Mean Particle size, %EE and T80%. The result of stability studies indicate 
thatliposome so formed were carried out. So, Optimized liposomal formulation converted into gel using Carbopol 
940 using 1.5% Concentration. The Liposome gel was evaluated for Skin Permeation, Viscosity and the gel with 
most desirable properties was kept for stability study for a period of 60 days which indicate that formulation is 
stable.  
Key words: Liposomal Suspension, Gel, BBD, Prednisolone, Topical application 
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When steroidal anti inflammatory drugs such as prednisolone are given orally results in systemic side effects like 
bone loss, increased susceptibility to infection, osteoporosis, peptic ulcers and buffalo hump.  Parental route of 
administration results in rapid clearance rate of drug which ultimately compels invasive and frequent administration 
of drug.  Attempts will be made in dev
synovium or specific tissues which in turn increase drug efficacy with minimum extra synovial toxicity in arthritis.

1.1  Liposomes 
Since liposomes were first developed (arou
several important formulations for the treatment of different diseases are now available commercially or in advanced 
clinical trials. It was more than three decades ago that liposomes were 
Liposomes were first described by Bangham in 1965 while studying cell membranes.
 

Liposomes are enclosed spherical vesicles that are organised in the one or several 
with an internal aqueous compartment or lipophilic drugs within the lipid membrane. The name liposome is derived 
from two Greek words ‘Lipid’ meaning fat and ‘Soma’ meaning body. The particle size of liposomes ranges from 2
nm to 10 µm in diameter. Pharmaceutical researchers use the tools of biophysics in evaluating liposomal dosage 
forms. Liposomes have covered predominantly medical, albeit some non medical areas like bioreactors, catalysts, 
cosmetics and ecology. 
 

Prednisolone (Mercury Laboratories Pvt. Ltd., Vadodara) , DPPC(Lipoid GmbH, Germany) and saturated soya 
lecithin were a generous gift from Novastell,France. Cholesterol (CHOL), Carbopol® 940P was purchased from 
S.D. Fine Chemicals, Mumbai, India. All other chemicals used were of HPLC or analytical grade.
 
2.1 Preparation of Liposome by Thin Film hydration technique
The liposome dispersions were prepared by the conventional film method. Drug (10mg) was dissolved in the 
methanol: chloroform (2:1 v/v) solution of phospholipids (Soya lecithin, DPPC and cholesterol).These mixture was 
dried to a thin film at 45 ºC by slowly reducing the pressure using a rotary evaporator. The film was kept at under 
vacuum (1 mbar) for 2 h at room temperature, flushed with nitrogen, and then hydrated with the appropriate amount 
of phosphate buffer saline (PBS) pH 7.4 for 30 min abo
hydration and formation of liposomes, the vesicle dispersion was placed in a probe sonicator for 30 min at 4
under water bath, for vesicle size reduction. Finally the liposomal dispersions were lef
structural defects, at a temperature above the lipid transition temperature for 1
non-encapsulated molecules was achieved by centrifugation (20,000 rpm for 50 min) at +4 
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When steroidal anti inflammatory drugs such as prednisolone are given orally results in systemic side effects like 
reased susceptibility to infection, osteoporosis, peptic ulcers and buffalo hump.  Parental route of 

administration results in rapid clearance rate of drug which ultimately compels invasive and frequent administration 
of drug.  Attempts will be made in developing and characterizing a specific drug delivery system targeting drugs to 
synovium or specific tissues which in turn increase drug efficacy with minimum extra synovial toxicity in arthritis.

 

Since liposomes were first developed (around 1980) the related technology has made considerable progress and 
several important formulations for the treatment of different diseases are now available commercially or in advanced 
clinical trials. It was more than three decades ago that liposomes were first discussed as drug delivery systems. 
Liposomes were first described by Bangham in 1965 while studying cell membranes.[2,3] 

 
Figure 1: Structure of Liposome 

 
Liposomes are enclosed spherical vesicles that are organised in the one or several concentric phospholipid bilayers 
with an internal aqueous compartment or lipophilic drugs within the lipid membrane. The name liposome is derived 
from two Greek words ‘Lipid’ meaning fat and ‘Soma’ meaning body. The particle size of liposomes ranges from 2
nm to 10 µm in diameter. Pharmaceutical researchers use the tools of biophysics in evaluating liposomal dosage 
forms. Liposomes have covered predominantly medical, albeit some non medical areas like bioreactors, catalysts, 

 
Materials and Methods 

 
Prednisolone (Mercury Laboratories Pvt. Ltd., Vadodara) , DPPC(Lipoid GmbH, Germany) and saturated soya 
lecithin were a generous gift from Novastell,France. Cholesterol (CHOL), Carbopol® 940P was purchased from 

umbai, India. All other chemicals used were of HPLC or analytical grade.

2.1 Preparation of Liposome by Thin Film hydration technique 
The liposome dispersions were prepared by the conventional film method. Drug (10mg) was dissolved in the 

form (2:1 v/v) solution of phospholipids (Soya lecithin, DPPC and cholesterol).These mixture was 
C by slowly reducing the pressure using a rotary evaporator. The film was kept at under 

vacuum (1 mbar) for 2 h at room temperature, flushed with nitrogen, and then hydrated with the appropriate amount 
of phosphate buffer saline (PBS) pH 7.4 for 30 min above phase transition temperature. After complete lipid 
hydration and formation of liposomes, the vesicle dispersion was placed in a probe sonicator for 30 min at 4
under water bath, for vesicle size reduction. Finally the liposomal dispersions were left in peace for annealing 
structural defects, at a temperature above the lipid transition temperature for 1–2 h. Separation of liposomes from 

encapsulated molecules was achieved by centrifugation (20,000 rpm for 50 min) at +4 ºC.[4-
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Prednisolone (Mercury Laboratories Pvt. Ltd., Vadodara) , DPPC(Lipoid GmbH, Germany) and saturated soya 
lecithin were a generous gift from Novastell,France. Cholesterol (CHOL), Carbopol® 940P was purchased from 

umbai, India. All other chemicals used were of HPLC or analytical grade. 

The liposome dispersions were prepared by the conventional film method. Drug (10mg) was dissolved in the 
form (2:1 v/v) solution of phospholipids (Soya lecithin, DPPC and cholesterol).These mixture was 

C by slowly reducing the pressure using a rotary evaporator. The film was kept at under 
vacuum (1 mbar) for 2 h at room temperature, flushed with nitrogen, and then hydrated with the appropriate amount 

After complete lipid 
hydration and formation of liposomes, the vesicle dispersion was placed in a probe sonicator for 30 min at 4-5 ºC 
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2 h. Separation of liposomes from 
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2.2 Optimization of Liposomal formulation using BBD[7] 

Prednisolone liposomal formulations were prepared by conventional thin-layer hydration or rotary evaporation 
technique using Box- Behnken design. A three-factor, three-level Box- Behnken design was used for constructing a 
second-order polynomial models using Design Expert (Version 8.0.7.1; Stat-Ease Inc, Minneapolis, Minnesota). A 
design matrix comprising 15 experimental runs was constructed, for which the nonlinear computer-generated 
quadratic model is defined as: 

Y = b0 + b1X1 + b2X2 + b3X3  + b12X1X2  + b13X1X3 + b23X2X3 + b11X1
2 + b22X2

2   + b33X3
2  (1)                                                                         

 
where Y is the measured response associated with each factor level combination; b0 is constant; b1, b2, b3 are linear 
coefficients, b12, b13, b23 are interaction coefficients between the three factors, b11, b22, b33 are quadratic coefficients 
computed from the observed experimental values of Y from experimental runs; and X1, X2 and X3  are the codes of 
independent variables. The terms X1X2 (i = 1, 2 or 3) represent the interaction effect. The independent variables 
selected were the amount of the Soya lecithin(X1), 1,2-Dipalmitoyl-sn-Glycero-3-Phosphocholine (DPPC) (X2) and 
Cholesterol (X3). The dependent variables were Mean Particle size (Y1), EE % (Y2) and T80% (Y3) with constraints 
applied on the formulation of liposome. The concentration range of independent variables under study is shown in 
Table 1 along with their low, medium and high levels, which were selected based on the results from preliminary 
experimentation. The concentration range of soya lecithin (X1), DPPC (X2) and Cholesterol (X3) used to prepare the 
15 formulations are showed in Table 2. 
 

Table 1: Variables in Box- Behnken design for preparation of Prednisolone Liposome 
 

Code Independent  variables Low (-1) Medium (0) High (+1) 

X1 Soya lecithin (mg) 30 60 90 

X2 DPPC (mg) 120 160 200 

X3 Cholesterol (mg) 5 10 15 

Dependent variables Goal 

Y1 Mean vesicle size (nm) Minimum ≤ 200 nm 

Y2 % Entrapment Efficiency Maximum ≥ 75% 

Y3 T80% Minimum ≤ 600 min 

 
Table 2: Formulation Table as per matrixing of BBD F1 to F15 

 
Ingredients 

(mg) 
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 

Prednisolone 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Soya lecithin 30 90 30 90 30 90 30 90 60 60 60 60 60 60 60 

DPPC 120 120 20
0 

20
0 

16
0 

160 160 160 120 200 120 200 160 160 160 

Cholesterol 10 10 10 10 5 5 15 15 5 5 15 15 10 10 10 

Organic solvent (ml)       

Chloroform 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

Methanol 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
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2.3 Characterization of Liposomes 
2.3.1 Vesicles shape, Size & Size distribution and zeta potential 
Liposomes vesicles were visualized using optical microscope. Digital micrograph and soft imaging viewer software 
were used for image capture and analysis. The vesicles size, size distribution and zeta potential were determined 
using a computerized inspection system with zetasizer (dynamic light scattering method, HAS 3000; Malvern 
Instruments, Malvern, United Kingdom).   
 
2.3.2 Lamellarity 
The lamellarity of the liposomes was determined by CLSM (Confocal laser scanning microscopy) study. 

 
 2.3.3 %Encapsulation efficiency 

Liposome encapsulation efficiency was determined from the amount of entrapped drugs using the ultracentrifugation 
technique. Briefly, total amount of drug was determined after having dissolved and disrupted drug-loaded liposomes 
in ethanol or Triton X-100 using an ultrasound bath for 10 min. Then, sample was centrifuged at 20,000 rpm for 50 
min. The free drug was determined in the supernatant at 247.5 nm with a UV–visible spectrophotometer.[10-12] 

      The drug encapsulation efficiency (EE %) was calculated as follows: 
 
  EE %=    Total amount of drug incorporated – Free amount of drug (supernant) ×100 
                                             Total amount of drug 
 
2.3.4 Skin Permeation Study 

In vitro drug release of drug from the liposomal formulation was evaluated using the Franz diffusion cell technique. 
5 ml aliquot of liposomal suspension was placed in the donor compartment. Hairless Rat skin was used as the 
diffusion membrane. Perfect sink conditions prevailed during the drug permeation studies and the entire system was 
kept at 37±0.5 ºC under continuous magnetic stirring at 50 rpm. Samples (5 ml) of the receptor compartment was 
taken at various time intervals and assayed for drug concentration by UV Visible spectrophotometric method. T80% 
was calculated from the result obtained. [6,10,13] 

 
2.3.5 Stability studies 
The Liposomal suspensions were kept at 25±2ºC and 60±5%RH for a period of 60 days. Samples were withdrawn 
periodically and analyzed for the %Entrapment Efficiency and Mean particle size for suspension. 
 
2.4 Preparation Of Liposome Gel 
The appropriate amount of carbopol 940P was weighted and added slowly in distilled water, under constant stirring 
by a paddle stirrer. After addition of the full amount of solid material, the gel was allowed to swell under moderate 
stirring for at least 24 h or until fully swollen and transparent. Other ingredients, such as 15% w/v polyethylene 
glycol-400 (PEG-400) and triethanolamine (0.5% w/v), were added to obtain homogeneous dispersion of gel and 
sodium benzoate (0.5% w/v) was added in the buffer used for gel preparation. Liposome gel formulations were 
prepared by mixing the Liposome dispersions with the gels.[6,13] 

 
2.5 Evaluation of Liposome Gel  
From the checkpoint analysis batch of liposomal suspension is optimized. The optimized formulations of the 
liposomal suspension are converted into gel formulation. That gel formulation are evaluated for different property. 
 
2.5.1 Physical examination 
The prepared gel formulations were inspected visually for their color, homogeneity, consistency and spreadability. 
Clarity was determined by using clarity chamber with black and white background.[14,15] 

2.5.2 pH 
The pH values of 1% aqueous solutions of the prepared gels were measured by a pH meter.  The glass electrode was 
calibrated with two standard buffers (pH of 4.00 and 9.00).The preparation was left for about 15 min for attaining 
equilibrium while measuring. [14,15] 
 
2.5.3 Viscosity: Viscosity of prepared gels was measured by Brookfield Viscometer. Apparent viscosity was 
measured at 25°C and rotating the spindle number 5 at 2 rpm. [14,15] 
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2.5.4 Content uniformity 
Gel formulation was dissolved in methanol and filtered. The volume was made to 100 ml with methanol. The 
resultant solution was suitably diluted with methanol and absorbance was measured at 242.5 nm of drug using 
Shimadzu – 1700 UV Visible spectrophotometer.[16] 

 

2.5.5 In-vitro skin permeation study 

An essential parameter in the evaluation of drug delivery is the rate at which the drug is released from the carrier. 
Skin permeation study with drug-containing gel formulation was carried out using modified Franz diffusion cell. 
The Hairless rat skin was used. The dermal side of the skin was thoroughly cleaned of any adhering tissues. Dermis 
part of the skin was wiped 3 to 4 times with a wet cotton swab soaked in isopropanol to remove any adhering fat. 
The skin specimen was cut into appropriate size after carefully removing subcutaneous fat and washing with normal 
saline. Skin was mounted in a modified Franz diffusion cell, kept at 37±0.5ºC. The known quantity of gel equivalent 
to 10 mg of drug was spread uniformly on the skin on donor side pH 7.4 phosphate buffer was used as the acceptor 
medium, from which samples were collected at regular intervals. An equal amount of acetonitrile was added to the 
collected samples to precipitate skin protein prior to estimate with UV spectroscopy. All permeation experiments 
were repeated three times and data were expressed as mean of three experiments ± standard deviation (SD).[13,16] 

 
2.5.6 Calculation of steady state skin flux (Jflux) of formulation 

Skin flux (mg/cm2/h) (Jflux) was determined from Fick’s first law of diffusion:  
Jflux = (dM/dt) × V  

                                        A 
Where, dM/dt is the amount of Prednisolone penetrated per unit time, and A is the effective diffusion area and V is 
the volume of receiver compartment (ml). Steady-state skin flux (Jflux) was determined from the slope (dM/dt) of the 
linear portion of a cumulative penetration time curve. 
 
2.5.7 Kinetic modeling  
In order to understand the kinetics and mechanism of drug release, the results of in vitro drug permeation were fitted 
into various kinetic equations like zero order ( %Drug permeated vs. time), first order (log % drug permeated vs. 
time), Higuchi’s model  (% drug permeated vs. square root of time), Korsmeyer peppas plot (log of % drug 
permeated vs. log time). R2 (coefficient of correlation) and n (Diffusion exponent) values were calculated for the 
linear curve obtained by regression analysis of the in vitro drug permeation plots. 

 
2.5.8 Stability study 

Stability studies of liposomal gel were done for 60 days under different conditions. Accelerated stability studies 
were performed by keeping the temperature 25±2˚C and 60 ± 5 %RH (relative humidity). The samples were taken at 
the interval of 0, 30 and 60 days. The parameters like viscosity and percentage cumulative permeation of drug were 
evaluated for gel.[13] 

 

Results and Discussion 
3.1 Microscopy 
The Microscopy of Liposome was carried out. It showed a mixture of different types of liposomes (Figure 2). 
Figure 2(A) shows the whole field of liposome suspension whereas Figure 2(B) shows the MLV (yellow boxes) 
and LUV (Blue box) type of liposome. 
 
3.2 Lamellarity 
In this work, we have demonstrated that it is possible to determine both, the outer morphology and the lamellarity of 
vesicle systems by means of CLSM.  
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.  

 
Figure 2: Photomicrographs from optical microscope showing microstructure of  

Liposomes (magnification ×400). 
 

 
Figure 3: Microphotographs corresponding to multilamellar liposomes by CLSM using transmitted channel: 

(A) Five-six lamellae; (B) three lamellae (C) unilamellar liposome 
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3.3  Statistical Data 
Responses of different batches obtained using box benhken design are shown in Table 3 obtained data were 
subjected to multiple regression analysis using Design Expert (Version 8.0.7.1; Stat-Ease Inc, Minneapolis, 
Minnesota). 
 
Y = b0 + b1X1 + b2X2 + b3X3 + b12X1X2 + b13X1X3 + b23X2X3 + b11X1

2 + b22X2
2 + b33X3

2  
 

Table 3: Result of Different Formulation batches of Liposomes (F1-F15) 
 

Formu 
lation Code 

Mean Particle 
size (nm)   

(Y1) 

Polyderpersity 
Index (PDI) 

%Entrapment 
Efficiency  

(Y2) 

T80% 
(min)   
(Y3) 

% Cumulative 
Drug 

Permeated in 
12 Hr 

F1 213.2±17.26  0.231±0.012 65.2±3.76  691.32±2.3  85.8±2.5  

F2 266.1±15.16  0.242±0.023 72.3±1.82  691.73±2.8 83.3±3.1  

F3 274.6±14.81  0.225±0.006 68.9±2.00  672.90±2.5 85.6±2.8  

F4 266.8±15.33  0.204±0.021 67.3±0.44  690.56±2.0 83.4±1.9  

F5 237.2±16.22  0.206±0.011 69.6±4.94  642.43±1.5 89.7±1.4  

F6 277.5±13.79  0.223±0.018 69.4±3.25  722.08±2.0 79.8±2.2  

F7 246.7±14.49  0.219±0.013 63.7±3.82  726.36±2.7 79.3±2.6  

F8 272.5±16.74  0.201±0.013 65.4±1.60  726.17±1.5 79.3±1.3  

F9 276.4±13.89  0.280±0.009 67.2±2.18  706.58±2.3 81.5±2.5  

F10 255.3±13.89  0.233±0.012 63.9±2.96  743.80±1.8 77.4±1.7  

F11 266.3±12.33  0.193±0.018 63.7±3.73  707.27±2.3 81.4±2.1  

F12 243.1±18.68  0.200±0.015 68.4±0.82  700.22±3.1 82.3±3.5  

F13 173.6±16.65  0.217±0.022 76.9±1.48  602.01±1.6 95.7±1.7  

F14 169.1±16.74  0.194±0.015 79.9±1.63  591.71±1.7 97.3±1.9  

F15 181.4±15.89  0.221±0.010 78.2±0.98  596.95±1.5 96.5±1.1  

  
Table 4: Summary of regression analysis results for measured responses 

 
Parameters b0 b1 b2 b3 b12 b13 b23 b11 b22 b33 

Mean Particle size 174.70 10.15 3.47 0.28 -22.67 -3.62 -5.58 40.59 47.39 43.19 

%Entrapment 
Efficiency 

78.33 0.87 0.012 -0.11 -2.18 0.47 2.00 -4.34 -5.57 -6.97 

T80 % 596.89 14.69 3.82 5.64 -0.69 -19.96 -11.07 37.26 47.47 70.10 

 
 
3.3.1 Effect of variables on particle size 
The most important parameter, which needs to monitor during liposome preparation its best performance, is the 
vesicle size and size distribution of liposomes. From the number of reports, it was observed that the size and size 
distribution of the liposome determines in vivo or ex-vivo performance. There are some reports, which showed the 
effect of liposome size on the drug release as well as drug deposition in the skin. Thus for the effective delivery, the 
selected method should result in optimum size range and homogeneous population. In the present study, film 
hydration technique found to produce polydispersity index of less than 0.300 indicates obtained liposome population 
have narrow size distribution (Table 3). 
It was observed that the relative amount of DPPS, Soya Lecithin and Cholesterol was found to play important role in 
vesicle size (Fig.4).  
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Figure.4: Response surface plots of (a) Soya Lecithin (X1) and DPPS (X2), (b) Soya Lecithin (X1) and 
Cholesterol(X3) and (c) DPPS(X2) and Cholesterol (X3) on the Mean Particle/Vesicle Size. 
 

 
(a)                                                        (b)                                                               (c) 

 
 

Table 5: ANOVA of BBD for Mean Particle size of Prednisolone Liposome 
 

Source Sum of 
Square 

Df Mean 
Square 

F Value p-value  

Model 19296.54 9 2144.06 6.55 0.0261 Significant 
X1 1545.68 1 1545.68 4.72 0.0819  
X2 39.60 1 38.60 0.12 0.7422  
X3 39.60 1 39.60 0.12 0.7422  

X1X2 921.12 1 921.12 2.81 0.1544  
X1X3 52.56 1 52.56 0.16 0.7052  
X2X3 1.10 1 1.10 3.366E-003 0.9560  
X1

2 5713.62 1 5713.62 17.45 0.0087  
X2

2 6248.47 1 6248.47 19.08 0.0072  
X3

2 7291.17 1 7291.17 22.26 0.0053  
Error 77.46 2 38.73    
Total 20934.02 14     

 
The Model F-value of 6.55 implies the model is significant.  There is only a 2.61% chance that a "Model F-Value" 
this large could occur due to noise. 
 
3.3.2  Effect of variables on %Entrapment efficiency 
Determination of %EE is an important parameter in case of liposomes as it may affect the drug release and skin 
deposition. %EE is expressed as the fraction of drug incorporated into liposomes relative to total amount of drug 
used. In the present study, the observed %EE for all batches were in the range of 60 – 80%. A positive correlation 
was observed for both variables X1, X2 and X3. Thus with increase in the concentration of Soya Lecithin, DPPS and 
Cholesterol entrapment efficiency found to be increased (Fig. 5). Among all the batches, which had minimum 
vesicle size and intermediate EE%, selected for the further study of gel formulation. Small particle size liposomes 
can cover the skin surface more compared to larger particle size. 
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Figure 5: Response surface plots of (a) Soya Lecithin (X1) and DPPS (X2), (b) Soya Lecithin (X1) and 
Cholesterol(X3) and (c) DPPS(X2) and Cholesterol (X3) on the %Entrapment Efficiency 

 
           (a)                                               (b)                                                             (c) 

. 
 

Table 6: ANOVA of BBD for %Entrapment Efficiency of  Prednisolone Liposome 
 

Source Sum of 
Square 

df Mean Square F Value p-value  

Model 369.40 9 41.04 9.21 0.0125 Significant 
X1 6.12 1 6.12 1.37 0.2939  
X2 1.250E-003 1 1.250E-003 2.804E-004 0.9873  
X3 9.90 1 9.90 2.22 0.1963  

X1X2 18.92 1 18.92 4.24 0.0944  
X1X3 0.90 1 0.90 0.20 0.6716  
X2X3 16.00 1 16.00 3.59 0.1167  
X1

2 69.60 1 69.60 15.61 0.0108  
X2

2 114.42 1 114.42 25.67 0.0039  
X3

2 179.20 1 179.20 40.20 0.0014  
Error 4.53 2 22.29 2.26   
Total 391.69 14 391.69    

 
The Model F-value of 9.21 implies the model is significant.  There is only a 1.25% chance that a "Model F-Value" 
this large could occur due to noise. 
 
3.3.3 Effect on skin deposition and drug permeation 
In-vitro permeation profile of the Prednisolone from the different liposomal suspension formulations in 7.4 pH 
phosphate buffer was studied. In vitro permeation of Prednisolone from the liposomal formulation was found to be 
in the range of 70-97% during a period of 12 h. Thus, the liposomal formulations release the drug for prolonged 
period. From the In vitro drug release studies T80% was calculated. T80% is the time which is required to permeate 
80% of drug inside the skin. In the statistical design the T80% is considered as dependent variable. T80% of all the 
formulation is given in Table 7. 
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Figure.6: Response surface plots of (a) Soya Lecithin (X1) and DPPS (X2), (b) Soya Lecithin (X1) and 
Cholesterol(X3) and (c) DPPS(X2) and Cholesterol (X3) on the %T80. 
 

 
                (a)                                               (b)                                          (c) 
 

Table 7: ANOVA of BBD for T80% of Prednisolone Liposome 
 

Source Sum of 
Square 

df Mean Square F Value p-value  

Model 32018.06 9 3557.56 7.06 0.0222 Significant 

X1 1726.66 1 1726.66 3.43 0.1234  

X2 116.89 1 116.89 0.23 0.6504  

X3 254.59 1 254.59 0.51 0.5090  

X1X2 1.89 1 1.89 3.751E-003 0.9535  

X1X3 1593.61 1 1593.61 3.16 0.1355  

X2X3 489.96 1 489.96 0.97 0.3694  

X1
2 5127.43 1 5127.43 10.17 0.0243  

X2
2 8321.13 1 8321.13 16.51 0.0097  

X3
2 18146.96 1 18146.63 36.00 0.0018  

Error 53.05 2 26.53    

Total 34538.14 14     

 
The Model F-value of 7.06 implies the model is significant.  There is only a 2.22% chance that a "Model F-Value" 
this large could occur due to noise. 
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The %Cumulative drug permeation of drug of F1-F15 batch has been shown in following graphs. (Fig. 7) 
 
Figure 7: %Drug Permeation study of all Formulations; (A)%drug permeated from liposomal batches F1 to 
F5, (B)%drug permeated from liposomal batches F6 to F10 and (C)%drug permeated from liposomal 
batches F11 to F15. 
 

 

(A)   
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3.3.4  Check Point Analysis Of Liposomal Suspension
After formulating all the batches, the effect of independent variables on the response like Y
estimated from the equation of individual response. The optimum formulation of Prednisolone
system was selected based on the criteria of attaining equation (2),(3),(4) for dependent variables. The 3 
formulations of liposomal suspension were further investigated. The solution no. 3 was found to be having less 
error. Hence formula 3 is optimized.  The s
60 days. The optimized formulation showed the Mean Particle size of 180.87 nm, EE % of 78.97% and T
602.47 min. The desirability was found to be 0.987.
 

Table 8: Result of Checkp

Solution 
No. 

Observed

Mean Particle 
Size(nm) 

L1 180.66±2.57 79.89±2.737
L2 182.19±5.88 78.67±3.41
L3 180.87±5.20 78.97±3.44

 
Table 9: Result of %Error between Predicted & observed value of different responses

 
Parameters 

Mean Particle size(nm)
%EE 
T80% 

 
Table 10: 

 
Prednisolone Soya 

Lecithin

10 mg 60 mg 
 
 

3.3.4.1 Mean Particle Size and Size distribution determination
The optimized liposomal batch L3 analysed for Particle size and PDI. The graph of Particle Size is shown below.
 

Figure 8: Mean Particle size of Optimized batch
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Analysis Of Liposomal Suspension 
After formulating all the batches, the effect of independent variables on the response like Y
estimated from the equation of individual response. The optimum formulation of Prednisolone

m was selected based on the criteria of attaining equation (2),(3),(4) for dependent variables. The 3 
formulations of liposomal suspension were further investigated. The solution no. 3 was found to be having less 
error. Hence formula 3 is optimized.  The stability study of optimized formulation of Liposome was carried out for 
60 days. The optimized formulation showed the Mean Particle size of 180.87 nm, EE % of 78.97% and T
602.47 min. The desirability was found to be 0.987. 

Table 8: Result of Checkpoint analysis 
 

Observed Predicted 

%EE T 80% 
(min) 

Mean Particle 
Size(nm) 

%EE 

79.89±2.737 608.97±13.48 178.53 77.89 
78.67±3.41 604.36±11.53 179.08 77.61 
78.97±3.44 602.47±4.25 178.43 78.00 

Table 9: Result of %Error between Predicted & observed value of different responses

 %Error 
L1 L2 L3 

Mean Particle size(nm) 1.179% 1.171% 1.134% 
2.568% 1.348% 1.228% 
0.532% 0.291% 0.028% 

 Optimized formulae of Liposomal Suspension 

Lecithin  
DPPC Cholesterol Solvent system 

Chloroform Methanol
 159 mg 12mg 20 ml 

3.3.4.1 Mean Particle Size and Size distribution determination 
The optimized liposomal batch L3 analysed for Particle size and PDI. The graph of Particle Size is shown below.

Figure 8: Mean Particle size of Optimized batch 
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After formulating all the batches, the effect of independent variables on the response like Y1, Y2 and Y3 was 
estimated from the equation of individual response. The optimum formulation of Prednisolone-loaded liposome 

m was selected based on the criteria of attaining equation (2),(3),(4) for dependent variables. The 3 
formulations of liposomal suspension were further investigated. The solution no. 3 was found to be having less 

tability study of optimized formulation of Liposome was carried out for 
60 days. The optimized formulation showed the Mean Particle size of 180.87 nm, EE % of 78.97% and T80% of 

 

 T80% 
(min.) 

 605.728 
 602.60 
 602.3 

Table 9: Result of %Error between Predicted & observed value of different responses 

 

Methanol 
10 ml 

The optimized liposomal batch L3 analysed for Particle size and PDI. The graph of Particle Size is shown below. 
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3.3.4.2 Zeta Potential determination 
The optimized liposomal batch L3 analysed for Zeta 
liposome is having good stability and it will inhibit the aggregation of particles in suspension form.
 

Figure 9: Zeta Potential graph of optimized batch
 
3.4 Stability data of Optimized Liposomal Suspension
Optimized batch L3 was kept for stability study at 25±2ºC/60±5%RH. The formulation is found to be stable. The 
Mean Particle size of Liposome increased due to aggregation of the particle. The %EE was decreased little bit due to 
leaching of API from the Liposome. Zeta potential remain same, which indicate that the stability of the formulation 
is stable. 
 

Table 11: Stability Study of optimized Liposomal Suspension
 

Parameters 

Mean Particle Size(nm)

%Entrapment Efficiency
Zeta Potential 

 
 

3.6 Characterization Of Liposome Gel
3.6.1 Physical examination, pH, Viscosity
All liposomal gel formulations were found to be clear and transparent. The pH of the liposomal gel was found to be 
in the range of 6-7.The range of content uniformity was from 91.22% to 98.45%. The results of pH
content uniformity of all the formulations are shown in 
transparent 
 

Table 12 : Evaluation of Liposome gel
 

Formulation 
Code 

pH 
Uniformity %

CN1 7.17±0.04 

CN2 6.94 ±0.02 

CN3 6.97±0.24 
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The optimized liposomal batch L3 analysed for Zeta Potential and it was found to be -40.2 ± 1.17 that indicates that 
liposome is having good stability and it will inhibit the aggregation of particles in suspension form.

 
Figure 9: Zeta Potential graph of optimized batch 

Liposomal Suspension 
Optimized batch L3 was kept for stability study at 25±2ºC/60±5%RH. The formulation is found to be stable. The 
Mean Particle size of Liposome increased due to aggregation of the particle. The %EE was decreased little bit due to 

g of API from the Liposome. Zeta potential remain same, which indicate that the stability of the formulation 

Stability Study of optimized Liposomal Suspension 

0 days 30 days 60 days

Mean Particle Size(nm) 184.5± 9.81 198.6±8.06 209.1±9.03

%Entrapment Efficiency  77.62±2.82 74.53± 4.54 70.42± 2.65
 -40.2 ± 1.17 -39.1 ± 1.83 -38.3 ± 1.53

3.6 Characterization Of Liposome Gel 
Viscosity, Content uniformity of gel 

liposomal gel formulations were found to be clear and transparent. The pH of the liposomal gel was found to be 
7.The range of content uniformity was from 91.22% to 98.45%. The results of pH

content uniformity of all the formulations are shown in Table 12. All the formulations were found to be 

Table 12 : Evaluation of Liposome gel 

Content 
Uniformity %  

Viscosity 
(cps) 

%Cumulative Drug 
Permeated in 12 hr

91.22±1.81 3797±818 91.02±2.85% 

94.75 ±0.86 4080 ±215 95.29±2.65% 

98.45±1.13 4873±830 97.43±1.34% 
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40.2 ± 1.17 that indicates that 
liposome is having good stability and it will inhibit the aggregation of particles in suspension form. 

 

Optimized batch L3 was kept for stability study at 25±2ºC/60±5%RH. The formulation is found to be stable. The 
Mean Particle size of Liposome increased due to aggregation of the particle. The %EE was decreased little bit due to 

g of API from the Liposome. Zeta potential remain same, which indicate that the stability of the formulation 

60 days 

209.1±9.03 

± 2.65 
38.3 ± 1.53 

liposomal gel formulations were found to be clear and transparent. The pH of the liposomal gel was found to be 
7.The range of content uniformity was from 91.22% to 98.45%. The results of pH, viscosity and 

All the formulations were found to be Clear and 

%Cumulative Drug 
hr  

T80% 
(min) 

421.88±
12.3 

503.73±
11.6 

591.19±
10.3 
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8.6.2 In vitro drug permeation studies from Liposome gel 
Figure 10 shows the in-vitro permeation profile of the Prednisolone from the different Liposome gel formulations in 
7.4 pH phosphate buffer. In vitro permeation of Prednisolone from the different gel formulation was found to be in 
the range of 91.02 ±2.85% to 97.43±1.34% during a period of 12 h. Thus, the Liposome gel formulations release the 
drug for prolonged period.  
 

 
 

Figure 10: Skin Permeation study of different formulation of Liposome gel 
 
3.6.3 Kinetic modeling of the Liposome Gel 
From the graphs, it can conclude that the Liposome gel follows the zero order release kinetic that is independent of 
the drug concentration. The release exponent, nb which was found from log %cumulative drug permeated vs. log 
time shows that it shows the fickian flow. The nb 

≤0.45 shows fickian diffusion, 0.45≤nb
≤0.89 shows the Non fickian 

transport. Value nb≥0.89 shows the anomalous type release. 
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(B)   
 

(C)  

(D)   
 

(E)     

Figure.11: Kinetic Modeling of Optimized gel formulation; (A)%Cumulative drug permeated vs. Time, (B) log % 
cumulative drug permeated vs. Time.  (C) log % cumulative drug permeated vs. Log Time and (D) %cumulative 
drug permeated vs. SQRT of Time 
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Table.13: Summary of Kinetic modeling 
 

Formulation  
Code  

Correlation coefficient (r2)  Peppas model  Release 
mechanism  

Zero 
order  

First 
order  

Higuchi  nb  Correlation 
coefficient (r2)  

CN3 0.966  0.830  0.824  0.480 0.892  Fickian 
diffusion 
based zero 
order 

 
3.6.4 Comparison of Skin Permeation study of different formulations 

 

 
 

Figure 12: Comparison of skin permeation study of Different Formulations 
 

Table 14: Jflux Comparison of different formulations 
  

    Formulation  Jflux  

Liposome Gel 
0.152mg/cm2/hr

2

/hr  

Liposomal Suspension  0.149 mg/cm2/hr  

Plain Gel 0.046 mg/cm2/hr  

 
The Jflux of different formulations were found. The Liposome and Liposome found to be have good flux property as 
compare to Prednisolone alone drug gel. Hence, it can conclude that Liposome formulation will increase the skin 
permeation. 
 
8.6.5 Stability Studies Liposome gel 
The stability study of the optimized gel formulation was carried out. The gel was found to be stable with negligible 
change in the viscosity and drug permeation rate from Liposome gel after stability studies of optimized formulation. 
The effect of stability study on % cumulative drug permeation of CN3 is demonstrated in Figure 15. 
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Table.15: Stability study of CN3 gel formulation 
 

Days Viscosity 
%Cumulative Drug Permeation in 

12 hr 

0 4873±230 97.43±1.34 

30 4726±115 96.11±1.52 

60 4657±647 96.21±1.46 

 
Table 16: Similarity factor for stability study CN3 of Liposome Gel 

 
Time 30 days 60 days 

F2 Value 83.12 80.39 
 
 

 
 

Figure 8.29: Comparison of %cumulative drug release of Optimized gel formulation. 
 
The similarity factor value after 30 days is 83.12% and after 60 days is 80.39%. So there is no significant difference 
after 30 and 60 days in the % cumulative drug permeation study. So, it was found to be that CN3 was stable. 

 
Conclusion 

L3 liposomal formulation and CN3 liposomal gel is optimised. Preparation of liposomes using factorial design was 
found to be well suited and sound approach to obtain stable liposomal formulation. Variables such as amount of 
phospholipid have a profound effect on the vesicle size and entrapment efficiency. Rheological studies of all 
liposomal gels prepared with 1.5% carbopol gave a clear idea of concentration of carbopol .Liposomal dispersion 
and gels were found to increase the skin permeation and deposition compared to control. Stability studies performed 
for liposomal dispersion (LPE batch) and Liposomal gel indicates the prepared liposomes have stability. 
Prednisolone molecules could be successfully entrapped in liposomes with reasonable drug loading. Hence from 
results obtained it can be concluded that liposomal gel containg Prednisolone has potential application in topical 
delivery. 
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