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Abstract: The objective of our present study is to optimize Chitosan coated liposomes formulation by
Response surface methodology using 3-factor Box-Behnken Design. Different polymers based liposomes used
for delivery of stable pH dependent formulation. Chitosan has been used as a pH sensitive polymer coating to
target nanoparticles specifically to tumors which have a slightly acidic pH. Closed membrane system can
accommodate amphiphilic or lipophilic drugs in vesicles. The optimized batch was formulated as a liposome
delivery system and evaluation was done. To evaluate the unentrapped drug Shimadzu UV-Spectrometry at
228 nm was used and absorbance was noted. Response surface graph was prepared to predict value and the
optimized formulation (Chitosan coated liposomes) can be used for loading of bio-active.The values of percent
drug entrapment and average vesicle size were presented and found formulation F3&F5 were optimized for
further evaluating on basis of particle size and drug loading.
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I. INTRODUCTION

Liposome, are defined as the particulate drug carriers,
prepared by dispersion of phospholipids in aqueous media
and is based on Response surface methodology using 3-factor
Box-Behnken Design.'The aim of study is to design different
polymers based liposomes fordeliveryof stable pH dependent
formulation. Chitosan has been used as a pH sensitive
polymer coating to target nanoparticles specifically to tumors
which have a slightly acidic pH. Closed membrane system can
accommodate amphiphilic or lipophilic drugs in vesicles. The
objective of our present study is to optimize Chitosan coated
liposomes formulation by Response surface methodology
using 3-factor Box-Behnken Design. The optimized batch was
formulated as a liposome delivery system and evaluation was
done. The resulting closed membrane structures can
accommodate amphiphilic or lipophilic drugs incorporated
into or associated with the lipid bilayer, as opposed to direct
encapsulation or active entrapment of hydrophilic
compounds within the aqueous inner compartment of the
vesicles.” Bingham’s observation on hexagonal liquid crystals,
that they are perm selective to the ions in manner similar to
biomembrane, led to discovery of an artificial vesicular
system based on phospholipids amphiphiles. Liposomes can
transferlipophilic drugs to biological systems system.
Liposomes composed of glycerolipids or phospholipids which
have good biodegradability as well as biocompatibility
property system. However, the vesicular structures are
chemically and physically unstable. Liposomes have the
separate advantages of biodegradable & non-toxicity as they
are made up of natural substances. Biologically active
liposome protects drugs as well as safely sends drugs to
targeted organs. The unique ability of liposomes to trap the
drugs in the aqueous phase as well as in lipid phase is an
needed for the drug delivery systems.>* The liposomes were
composed of different polymer such as Eudragit, Carbopol,
HPMC, pectin, alginate, cellulose, polyacrylic acid
polyacrylamide and chitosan for delivery purpose by taking
advantage of their pH dependent stability. The chitosan
coating for the preparation of liposomesis useful in increasing
the entrapment efficiency of the drug in the vesicle in
comparison with the other polymer. Among the suggested
polymers, the entrapment efficiency and mucoadhesiveness
of liposomes coated with chitosan showed effective drug
release in the stomach pH sensitive area. The chitosan
coated liposome may have a promising future in the oral
delivery system of various drugs. Hajimeet al*Prepared a
multi  unithighly-loaded  gastro-floating  system  of
clarithromycin and saw that it enhanced the eradication of H.
pylori.Likewise Lin et al.” prepared water-in-oil emulsification
system to prepare a positively charged nanoemulsion particle
composed of amoxicillin, chitosan, and heparin, they
evaluated that the amoxicillin loaded in the primary phase
works as a good device to deliver the drug. Karnet
al®prepared and compared the Mucoadhesive power of
liposomal preparation and concluded that the liposomes are
the most suitable Mucoadhesive delivery systems. Arora et
al’ studied about Mucopenetrating Chitosan-alginate
complex nanoparticles containing amoxicillin release System
for H. Pylori they found apart from mucoadhesionmucus
penetration is also one of the choice bale approaches for the
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researchers. Faivreet al'® took cholesteryltetraethylene glycol
side as model ligands for targeting the H. Pylori and confirmed
its orientation towards the infection. Same as various
approaches are in progress to delivery of antiH.pyloridrugs
with help of Liposome to achieve optimized formulation.
Chitosan is been used as a pH sensitive polymer coating to
target nanoparticles specifically to tumors which have a
slightly acidic pH than the surrounding environment.''Low
molecular weight chitosan (LMWC) could be used as an
alternative stealth coating, responsive to the pH of target
tumors. Here, LMWCs with various molecular weights
(MWs) were covalently conjugated to poly (lactic-co-glycolic
acid) (PLGA). The novelty behind our work is that the
nanoparticles prepared with the PLGA-LMWC conjugates
were tested with respect to the physical and chemical
properties, pH-sensitivity in cell-NP interaction drug delivery,
and the potential to provide a stealth surface on NPs, in
comparison with PLGA NPs with bare surface and/or PLGA
NPs covered with PEG." Existing studies have shown that to
optimize the characteristics and stability of LPs, they can be
coated by Chitosan whichis naturally occurring
linear polymer. It is a cationic polysaccharide known to be
non-toxic, bioabsorbable, and biocompatible.'

I.I  Optimization of Chitosan coated liposomes
1.1.1 Box-Behnken experimental design

For coating of liposomes and surface modification, Chitosan
was used, which has mucoadhesive properties. This increases
resident time and absorption at the mucosal site. The
purpose of study was to prepare and optimize the Chitosan-
coated liposomal formulation using Box-Behnken Design
based on RSM design principle using 3-factors on response,
through which the optimum formulation was prepared.'*"

2, MATERIALS AND METHODS

All chemicals and reagent used in present work is of
analytical grade without further purification. Lecithin was
obtained as a gift sample and other solvents are of HPLC
grades, Chitosan (Fisher Company), Ethyl cellulose are of
analytical grade. In this work, we used purified water for
preparation and analysis.

2.1  Preparation of Liposomes

Liposomes were prepared by modified ethanol injection
method as reported by karn et al, 201 | ®Briefly, the Lecithin:
Cholesterol was taken in a round bottom flask and
dissolved using different ratios of anaqueous and organic
phase. A thin film was casted by rotating the flask and it was
kept overnight for complete removal of solvents. The film
was hydrated using PBS pH 7.4 Liposome’s coating process
composed of(Sentence incomplete)0.1% to 0.3% (w/v)
chitosan solutions in 0.1%(v/v) glacial acetic acid. A volume of
3.0 mL of Chitosan solution was added dropwiseinto 3.0 mL
of liposomes under magnetic stirring at room temperature
for | hour, followed by incubation in the refrigerator
overnight. The rate of stirring was kept constant for all
preparations by this method.® "
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2.2 Experimental Design and organic concentration and Chitosan concentration.'®"?
Table | shows the preferred factors and setting of factors
The optimum levels of the independent variables including levels on the bases of low, medium and high as 1,0 and +1.%°

lecithin amount, cholesterol amount, and ratio of aqueous

Table I: Independent variable and their levels for Box Behnken Design Expert

Factors Range and levels
units -1 0 +|
Lecithin: Cholesterol ratio mg 1:2 I 2:
Ratio of aqueous and organic phase ml 3.33:1 511 0]
Percentage of Chitosan solution for coated liposomes % 1% 2% 3%

Box-Behnken design was carried out 3 level and 3- factors using design expert software and there are a total 13 batches were
prepared as given by software. (Table 2)

Table 2: Levels of different factors

Run Batch L:C A:NA C:C

Number
Fl 2:1 5:1 1%
F2 2:1 5:1 3%
F3 I:1 10:1 1%
F4 1:2 10:1 2%
F5 I:1 5:1 2%
Fé 1:2 5:1 3%
F7 I:1 3.33:1 1%
F8 2:1 10:1 2%
F9 1:2 5:1 1%
FI0 2:1 3.33:1 2%
FlI I:1 3.33:1 3%
Fl2 1:1 10:1 3%
FI3 1:2 3.33:1 2%

2.3  Characterization of Prepared Liposome

The 13 batches of Chitosan coated liposome formulations were characterized by their particle size and various functionalized
Chitosan coated liposomes was determined by their zeta potential ({), calculated according to the Helmholtz-Smoluchowski
equation from their electrophoresis mobility.'>'*

Z =4mun/D

where, [ is the electrophoretic mobility, n is viscosity, D is dielectric constant.
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2.3.1 Particle size determination

The particle size was determined by Malvern Zetasizer
(Malvern Instrument, UK). The particle size of various
Chitosan coated liposomes were determined with 0.05
mg/ml concentration suspended in double deionized water
(pH 7.0), acidic medium (pH 4.0) and alkaline medium (pH
9.0). The acidic and alkaline media were adjusted with the
HCI and NaOH, respectively. In each case, the measurement
was carried out in triplicate (n=3).

Pharmacy

2.3.2  Drug encapsulation efficiency

Two ml of the formulations were taken and separately
dialyzed using the dialysis membrane against 50 ml Distilled
water for |5 min. One ml of distilled water was withdrawn in
a 10 ml volumetric flask and the volume was made up to 10
ml with fresh distilled water. The absorbance was noted on
Shimadzu UV-Spectrometry at 228 nm and used to evaluate
the entrapped drug. Further the quantity of the drug
entrapped was evaluated. Drug encapsulation efficiency of
various Chitosan coated liposomes were determined and
calculated by the formula.'*?

DEE% =

Weight of encapsulated drug

X 100

Weight of encapsulated drug + free drug

3 RESULTS

The particle size was found in the range of 197.91+02.43 (fig2) for Uncoated Chitosan coated liposomes and 262.5+04.23nm (Fig

I) for 2% Chitosan coated liposomes.
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Fig I: Chitosan coated liposomes(CCLO3)

Results

Z-Average (r.nm): 197.9 Peak 1:

Pdl: 0.352 Peak 2:

Intercept: 0871 Peak 3:

Size (r.nm):
3409
2474
0.000

% Volume
90.1
2.9
oo

Width (r.nm):
182.1
asae
0.000

Result quality :

Good

Size Distribution by Volume

Volume (%)

10000

[

Record 1: NCCLO3 1]

Fig 2: N-Chitosan coated liposomes (NCCLO03)

The experimental design used for this study was Box-

design to full factorial design is that it requires fewer

Behnken experimental

design with three

independent

variables at three different levels Behnken experimental

experimental

batches.?'The values

of

percent

drug

encapsulated and average vesicle size is shown in Table 3.

Table 3: Results of response surface method

Formulation code

Chitosan conc.

Particle size

Percentage drug

(% WIV) (nm) RI encapsulated R2
Fl 1% 156.471£02.94 95.24+03.24%
F2 3% 936.12+03.47 93.56+03.46%
F3 1% 197.91£02.43 91.23+01.64%
F4 2% 205.63+03.48 80.51+£01.97%
F5 2% 262.5+£04.23 90.52+3.92%
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Fé6 3% 811.2+02.93 82.71+03.26%
F7 1% 185.41+04.42 94.64+02.52%
F8 2% 311.1+03.94 93.74+02.52%
F9 1% 116.4+01.91 83.6+04.32%
FI0 2% 303.61+01.36 94.52+01.92%
FIl 3% 872.50+03.93 89.05+04.12%
Fl12 3% 829.20+02.41 88.06+02.27%
FI3 2% 282.50+03.92 84.06+05.32%

The 3D response surface plots showed particle size (RI) and

percentage drug encapsulated (R2) at

concentration of Chitosan, technique enumerates the
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functional relationship between the variables which are
measurable at constant level and mathematical analysis
indicated the observed responses.”®?' ( Fig 3.)
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Fig 3: 3D response surface plots showing particle size (R1) and percentage drug encapsulated (R2)

(A:A-Lecithin: Cholesterol ratio, B:B -R

4. DISCUSSION

The optimum levels of the independent variables including
lecithin amount, cholesterol amount, and ratio of aqueous
and organic concentration and Chitosan concentration.'®"”
Table | shows the preferred factors and setting of factors
levels on the bases of low, medium and high as 1,0 and +1.
The 13 batches of Chitosan coated liposome formulations
were prepared and characterized by their particle size. The
various functionalized Chitosan coated liposomes was
determined by their zeta potential ({), calculated according
to the Helmholtz-Smoluchowski equation from their
electrophoresis mobility. The formulation started with
Cholesterol which was taken in a round bottom flask and
dissolved using a different ratio of aqueous and organic
phase. The different batches with different concentration
prepared and optimized batches was formulated as a
liposome delivery system and evaluation was done.'*'
Modified ethanol injection method was used to prepare
thirteen batches of liposomes and then a 3-factor box
behnken design for maximum response was applied to the
Response surface method. For evaluation of entrapped drugs,
two ml of the formulations were taken and separately
dialyzed using the dialysis membrane against 50 ml Distilled
water for 15 min.;;; One ml of distilled water was
withdrawn in a 10 ml volumetric flask and the volume was
made up to |0 ml with fresh distilled water. The absorbance
was noted on Shimadzu UV-Spectrometry at 228 nm and
used to evaluate the entrapped drug. Further the quantity of
the drug entrapped was evaluated. The values of percent
drug entrapment and average vesicle size presented.

atio of aqueous and organic phase)

Formulation F3 & F5 were optimized on bases of particle size
and drug encapsulation. Response surface graph was to
predicted value and the Chitosan coated liposomes related

optimized formulation can be used for loading of bio-active.'”
21

5. CONCLUSION

The aim of this research work is to optimize Chitosan coated
liposomes for delivery of different drugs by surface response
technology using design expert software. The model drug
was used to prepare liposomes & coating was done by
Chitosan. The different batches were selected by Box-
Behnken experimental design and response surface graphs
were obtained. The observed result shows closeness with
predicted value and F3 & F5 were optimized as coated
liposomes formulation. This optimized formulation may be
used for drug loading of different drugs and can be a better
delivery system.
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