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ABSTRACT

Purpose: The aim of this study was to evaluate the effects of formulation composition and
methods of preparation on the physico-chemical properties and drug release of naproxen liposome.
Methods: The ratio of lipid to drug, lipid to lipid, organic to aqueous phase and methods of
preparation were varied.

Results: Formulation composed of 0.9 g lecithin:3.6 g cholesterol: 0.9 g cholesteryl hemisuccinate
and drug : lipid ratio of 1:3 gave the highest entrapment efficiency (83.6%). Formulations prepared
by using different ratios of organic to aqueous phase showed different drug entrapment efficiency
depending on the ratio of the volume of the two phases. Also, the method used for preparation of
the liposome had an effect on drug entrapment efficiency. The drug release data indicated that
liposome prepared by the heating method and composed of 9 g lecithin:3.6 g cholesterol:0.9 g
cholesteryl hemisuccinate using a ratio of 3 lipid:1 drug showed the best control release profile.
The percent drug released was 14.9% and 71.5% at 15 minutes and 360 minutes of testing
dissolution.
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methods of preparation.

Conclusion: The physico-chemical properties, drug entrapment and drug release from naproxen
liposome were influenced by formulation composition, ratio of aqueous to organic phase and

Keywords: Naproxen liposome; methods of liposome preparation;, drug release from liposome;

physico-chemical properties of liposome.

1. INTRODUCTION

Nonsteroidal Anti-inflammatory drugs (NSAID)
are non-narcotic drugs with analgesic,
antipyretic, and anti-inflammatory  effects.
NSAIDs are among the most commonly used
drugs in the world. In the United States alone, 33
million people regularly take these drugs,
spending 4 billion dollars annually [1]. Over 22
million prescriptions are written every year in the
United Kingdom and over 70 million in the United
States.

Several NSAIDs have been studied with the
purpose of transdermal/topical drug delivery,
including: dicloflenac, ibuprofen, indomethacin,
and ketoprofen, among others [2-6]. However,
there is few published studies regarding the use
of naproxen liposome as a topical transdermal
delivery system.

Liposomes are excellent drug carriers, therefore
can be used as an alternative dosage form for
the delivery of naproxen sodium. The liposome
bilayer forms an effective physical barrier against
the diffusion of large molecules and charged or
polar small molecules [7]. Depending on the
relative solubility in water and lipid, an aqueous
soluble drug can pass through the membrane to
occupy the internal aqueous volume of the
liposome or, if it is less water soluble, it can be
incorporated into the membrane, essentially
dissolving in the hydrophobic environment.
Naturally occurring lipids include phospholipids
(lecithin) and cholesterol. Liposome products
currently on the market are composed of these
types of lipids or modified lipids [8-10].

The drug may be loaded into liposome by several
techniques, the simplest one, called passive
loading, involves forming vesicles in an aqueous
solution of the drug. The entrapped agents are
loaded before or during the manufacturing
procedure. Many drugs have functional groups
such as amines or carboxyls that alter the charge
of the molecule in different pH environments.
These types of compounds with ionizable groups
and those with lipid and water solubility can be

introduced into the liposome after the formation
of the intact vesicles [11-12].

Moreno et al. [13] investigated the membrane
activity of ibuprofen, diclofenac, and naproxen.
They carried out their study with lecithin
phospholipids and concluded that the interaction
process is governed by only tropic reactions at
the lipid/water interface. Paavolan et al. [14] in
2010 developed controlled release injectable
liposomal gel of ibuprofen using high pressure
homogenization. Guar et al. [15] developed
rifampicin aerosolized liposome targeting the
drug delivery to the lungs. They found that in situ
formed liposomes showed more sustained
release profile than liposome. Also, they found
that upon subjecting to stress condition for 60
days, preformed liposome lost control of drug
release. Liposome have been used for targeting
many water soluble and water insoluble drugs,
anticancer agents and vaccines [16-18].

The hypothesis of this research is that factors
such as methods of preparation, drug:lipid ratio,
lipid :lipid ratio, and ratio of organic to aqueous
phase may affect the physico-chemical
properties and the quality of the output product.
In this research a novel naproxen sodium
liposome is prepared by a heating method using
glycerol and compared to liposome prepared by
conventional (thin film lipid rehydration) method
and or reverse phase evaporation method. The
effects of lipid:lipid ratio, formulation composition
and organic:aqueous solvent ratio were
investigated. The kinetics of drug release from
liposome, particle size and surface morphology
were also investigated.

2. MATERIALS AND METHODS
2.1 Materials

Naproxen Sodium USP, lot No. M16674, donated
by Syntex Puerto Rico Inc. Cholesterol, lot No.
11013BE, cholesteryl hemisuccinate, lot NO.
84H8455, and lecithin, Lot 28H8000 were
purchased from Sigma Chemical Co., St. Louis,
MO, USA. Gilycerol, lot No. 041365, Fisher
Scientific, NJ, USA.

293



Lugo and Ghaly; JSRR, 4(4): 292-305, 2015; Article no.JSRR.2015.033

2.1.1 Experimental design

Ten liposome formulations were prepared in
which the ratio of lipid to drug, lipid to lipid, and
organic to aqueous phase were varied (Table 1).

2.1.2 Preparation of liposome with different
lipid to drug ratio

Four liposome formulations were prepared by
incorporation of different lipid to drug ratio and
both drug entrapment efficiency and drug
release, were evaluated.

The components of the lipid phase, Lecithin
(LEC) 3% w/v, Cholesterol (CH) 1.2% w/v, and
Cholesteryl Hemisuccinate (CH-H) 0.3% w/v,
were dissolved in 100 mL of chloroform and
mixed in round bottle flask with long extension
neck. The chloroform was removed under
reduced pressure using a rotary evaporator
(Buchi, Brinkman, Instruments Inc., N.Y, U.S.A),
at 65-75°C and 200 rpm. and the dried lipid
dispersion was produced. The drug was
dissolved in 100 mL phosphate buffer pH 7.4
prepared as described in the USP by mixing
specific volume of 0.2 M potassium phosphate

and 0.2 M NaOH solution. The aqueous phase
was slowly added to the lipid film producing a
liposome dispersion. The dispersion was stirred
for 5 hours using a mixer at 300 rpm Drna Mix,
model 143, Fisher Scientific, USA). The
dispersion was kept overnight at 4°C and then
the dispersion was centrifuged (centrifuge model
J2, Beckman, US) for 1 hour and the liposomes
were separated for characterization of the
physico-chemical properties.

2.1.3 Preparation of liposome containing
different lipid to lipid ratio

Two liposome formulations were prepared by
incorporation of different lipid to lipid ratio,
lecithin:cholesterol:cholesteryl hemisuccinate at
a ratio of 5:1:1.4 and 5:2:1 and the drug
entrapment and drug release were evaluated.

The components of the lipid phase, lecithin,
cholesterol, and cholesteryl hemisuccinate, at
different ratios, were dissolved in 300 mL of
chloroform and the same procedure described
under preparation of liposome with different lipid
to drug ratio was followed.

Table 1. Liposome composition

Experiment Lipid Lipid:lipid ratio Organic:aqueous Methods of

number :drug ratio preparation

ratio

1 1:1 9 g lecithin:3.6 g olesterol:0.9g 3:1 Thin film rehydration
cholesteryl hemisuccinate (Conventional)

2 2:1 9 g lecithin:3.6 g cholesterol : 0.9 g 3:1 Thin film rehydration
cholesteryl hemisuccinate (ratio of (Conventional)
10:4:1)

3 3:1 9 g lecithin:3.6 g cholesterol :0.9 g 3:1 Thin film rehydration
cholesteryl hemisuccinate (ratio of (Conventional)
10:4:1)

4 1:3 9 g lecithin:3.6 g cholesterol ::0.9 g 3:1 Thin film rehydration
cholesteryl hemisuccinate (Conventional)

5 3:1 9 g lecithin:1.8 g cholesterol:2.6 g 3:1 Thin film rehydration
cholesteryl hemisuccinate (ratio of (Conventional)
5:1:1.4)

6 3:1 9 g lecithin:3.6 g cholesterol :1.8 g 3:1 Thin film rehydration
cholesteryl hemisuccinate (ratio of 5:2:1) (Conventional)

7 3:1 9 g lecithin:3.6 g cholesterol :0.9 g 10:1 Thin film rehydration
cholesteryl hemisuccinate (ratio of (Conventional)
10:4:1)

8 3:1 9 g lecithin:3.6 g cholesterol:0.9 g 1:1 Thin film rehydration
cholesteryl hemisuccinate (ratio of (Comventional0
10:4:1)

9 3:1 9 g lecithin:3.6 g cholesterol:0.9 g Heating
cholesteryl hemisuccinate (ratio of
10:4:1)

10 3:1 9 g lecithin:3.6 g cholesterol:0.9 g Reverse phase

cholesteryl hemisuccinate (ratio of 10:4:1

evaporation
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2.1.4 Preparation of liposome using different
ratio of organic to aqueous phase

As indicated in Table 1, formulations were
prepared by incorporation of different organic to
aqueous phase ratio at 1:1, 3:1, and 10:1 organic
to aqueous phase ratio and were evaluated for
drug entrapment efficiency and drug release.

The components of the lipid phase were Lecithin
(LEC) 3% w/v, Cholesterol (CH 1.2% w/v, and
Cholesteryl Hemisuccinate (CH-H) 0.3% wl/v,
were dissolved in 100 mL of chloroform. The
chloroform was evaporated at 65-75°C and the
procedure described under preparation of
liposome with different lipid to drug ratio was
followed.

using

2.1.5 Preparation of liposome

alternative methods

As presented in Table 1, liposome formulations
were prepared by different  methods,
conventional (thin film rehydration), heating,
reverse phase evaporation

and the drug entrapment efficiency and release
were evaluated.

2.1.6 Heating method

The lipid components, lecithin, cholesterol, and
cholesteryl hemisuccinate described in Table 1
under hearing method [19], were hydrated in 100
mL of phosphate buffer pH 7.4 for 1 hour. The
hydrated lipids were heated in the presence of
glycerol (3% v/v) at 60-70°C for additional one ho
ur. The drug was added to the mixture containing
the lipids and the glycerol. The mixture was
centrifuged (Centrifuge, model J2, Beckman,
USA) for an hour and a half and the liposomes
were separated.

2.1.7 Reverse phase evaporation method

The lipid components, lecithin, cholesterol, and
cholesteryl hemisuccinate, were dissolved in 25
mL of diethyl ether. The solvent was evaporated
in rotary evaporator under vacuum at 30-40°C
and 200 rpm [20], The drug: lipid ratio was 1:3.
The drug was mixed with 15 mL of phosphate
buffer and added to the lipid film. In order to
dissolve the lipid film, 75 ml of ether were added
and then mixed in rotary evaporator (Rotary
Evaporator, model R-124, Buchi, Brinkmann
Instruments Inc., NY, USA) at 5-10°C and 100
rem. The solution was left for 30 minutes at room
temperature without agitation. The solvent was

then evaporated in rotary evaporator at 30-40°C
and 200 rpm and introduced in ultrasonic bath,
model Branson 3200-R, Branson Ultrasonic
Corporation, CT, USA) for 5 minutes. The
resulting lipid dispersion was left over night at
4°C. The mixture was centrifuged for 90 minutes
and the liposomes were separated.

2.1.8 Determination of
efficiency

drug entrapment

Free un-entrapped drug was separated from
encapsulated drug liposome by centrifugation for
1 hour. The method used by Panwar et al. [21]
was modified and used to determine drug
entrapment efficiency. The drug entrapment
efficiency was measured by mixing 0.2 g
lliposome with 200 ml phosphate buffer pH
7.4.for half an hour at 98-100°C to lysis the
liposome. The phosphate buffer was evaporated
untii  the  volume  remained  constant.
Subsequently, the sample was placed in an ice-
water bath for half an hour. Filtered samples
using Millipore filter (0.22 um) were measured
using an UV  spectrophotometer  (UV
spectrophotometer, model DU-520, Beckman
Coulter, USA) at maximum wave length of 331
nm using a blank of the same composition but
without drug. Three replicates were tested from
each formulation and their mean was calculated.

Entrapment efficiency percent
__ Total drug - Free drug

X 100
Total drug

2.1.9 Dissolution t testing

The dissolution test was carried out in 900 ml
phosphate buffer pH 7.4 at 37.0+0.5°C using
USP/NF rotating basket apparatus (Dissolution
apparatus, model 47-200-202, Hanson Research
Corporation, CA, USA) at a rotational speed of
50.0£0.5 rpm. A liposome sample (0.20 g) was
placed in the basket and tested for dissolution
over 6 hours. Filtered samples (10 ml) were
withdrawn manually at pre-determined time
intervals and replaced with 10 ml phosphate
buffer pH 7.4. A spectrophotometer was used to
measure the absorbance of the samples at a
maximum wave length of 331 nm and the
concentration of the drug in each sample was
calculated from the slope and the intercept of the
standard curve. For each formulation, three
replicates were tested and their mean was
calculated.
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2.1.10 Determination of drug release

mechanism

The diffusion model described by Higuchi [22]
was used to determine the kinetic model of drug
release

Q - Kt1/2

A plot of Q, percent of drug released; versus
square root of time should give a linear
relationship and K is constant. Also, zero order
kinetic model was evaluated in order to
determine if the drug release follows the zero
order kinetic model.

2.1.11 Scanning electron microscope (SEM)

The principle aim of the SEM was to analyze the
surface morphology and the shape of the
different liposome formulations, and not to
determine particle size.

In order to study the surface morphology of the
various liposome vesicles, scanning electron
photomicrographs (Scanning Electron
Microscope, Philips, model 515, Philips,
Netherland) were taken using an auto scan
mode. Samples were mounted in aluminum
stubs introduced in vacuum oven for 24 hours to
remove all humidity and covered with
gold/palladium using a sputter coater (Spurering
system, Hummer model 6.2, LADD Research
Industries, VT, USA).

The samples were placed in a plate holder and
then subjected to vacuum at 60 mtorr in the
chamber. Then two flushes of Argon gas were
applied to leave the chamber with no air. After
the second flush with Argon, it was maintained at
constant flow, and then electrical charges was
applied inside the chamber to start the ionization
of the gas and covering the sample with a layer
of gold-palladium. The charges were at 15 mA
for a period of 6 minutes. After that, the valve of
Argon was closed and the vaccum was turned off
and taken out all the layered samples and
photomicrographs of liposome were taken.

All sample resolutions were approximately 50X
and 200X.

2.1.12 Particle size
The mean particle size of the liposome

formulations was determined using the dynamic
light scattering technique (Particle size analyzer,

Horiba LB-550, Horiba Instruments Inc., CA,
USA) which can measure particle size in the
range of 1 mm to 6 um and a concentration
range from ppm to 40% solids and it provides
accurate results for average particle size. The
Brownian motion of the particles causes a
Doppler shift in the incident light frequency. The
amount of frequency shift is related to the
frequency of the Brownian motion, which is
related to the size of the particles. De-ionized
water was the medium for the sample
dispersions. A small amount of sample sufficient
to fill the cell was measured in a 1 cm cell and
stirred using a magnetic bead.

2.1.13 Statistical analysis

The statistical analysis of the data was
performed using the software Minitab 15. The
one way analysis of variance was used to
determine if there were significant differences
between compared samples (three samples or
more).

The General Linear Model was used to
determine if there is statistically significant
difference between compared samples (with two
independent variables). A P value greater than
0.05 indicates no significant difference exists.

3. RESULTS AND DISCUSSION

Ten liposome formulations were prepared
successfully using different lipids (cholesterol,
cholesteryl hemisuccinate and lecithin), lipid to
lipid ratio, and three alternative methods of
preparation. (conventional, heating and reverse
phase evaporation). The ratio of lipid : lipid and
the ratio of organic to aqueous solvent were also
varied. The physico-chemical properties, drug
entrapment, drug release and kinetic model of
drug release were evaluated. The composition of
the different naproxen formulations is shown in
Table 1. Drug entrapment in the different
formulations is shown in Table 2.

3.1 Entrapment Efficiency

3.1.1 Different ratio of drug to lipid

Four initial formulations as shown in Table 1
were prepared varying the lipid to drug ratio.
Formulation with the highest lipid to drug ratio
(3:1) entrapped the highest amount of drug
(83.62%). These results show that using three
times more lipid (lecithin, cholesterol, and
cholesteryl hemissucinate) than drug in the
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formulation possibly increases the fluidity of the
lipid bilayer, and or reduces the permeability of
the membrane to water soluble molecules, thus,
giving a more stable liposome with a better
encapsulation efficiency upon increasing the ratio
of lipid compared to drug. The 1 lipid to 1 drug
and 2 lipid to 1 drug formulations entrapped
similar amounts of drug, 27.28% and 25.40%,
respectively. Formulation with the highest
amount of drug, 1 lipid to 3 drug ratio, gave the
lowest drug entrapment (19.93%). The 3:1 lipid
to drug formulation was chosen for further study.

3.1.2 Different lipid to lipid ratio

Three other formulations were prepared with
different lipid to lipid ratio. Formulation consists
of 9.0 gf Lecithin: 3.6 g Cholesterol: 0.9 g of
Cholesteryl hemisuccinate gave the highest drug
entrapment (83.62%). Increasing the amount of
cholesteryl hemisuccinate decreased the amount
of drug entrapped (27.90%). Decreasing the
amount of cholesterol and increasing the amount
of cholesteryl hemisuccinate decreased the
entrapment efficiency of the drug (16.76%).
Cholesterol increased the amount of drug
entrapped into the liposome and Cholesteryl
hemisuccinate improves the stability of the
liposome vesicles by preventing their flocculation
and helps to increase the encapsulation rate of
hydro-soluble substances by increasing the
thickness of the aqueous layers between the lipid
bilayers. However decreasing the amount of
cholesterol decreased liposome resistance to
aggregation, affecting the stability of the bilayer,
thus increasing leakage of the encapsulated
drug. In summary these data indicated that the
ratio of lipid to lipid, and type of lipid used affect
drug entrapment into the liposome.

3.1.3 Different ratio of organic to agueous
phase

Three formulations were prepared with different
ratio of aqueous phase (phosphate buffer 7.4), to
organic phase. Formulation with equal amount of
organic and aqueous phase, 1:1, entrapped the
lowest amount of drug (11.09%). Formulation of
3 organic to 1 aqueous phase ratio entrapped the
highest amount of drug (83.62%) while
formulation of 10 organic to 1 aqueous phase
ratio entrapped 62.37% of drug. These results
show that large quantities of aqueous solvent or
very small amount such as 300 mL and 30 mL
respectively, are not the optimum quantities for
the formulations studied, and is not suitable for
the amount of drug incorporated (4.5 Q).

However, the use of 100 ml of aqueous solvent
and a ratio of 3: 1 organic to aqueous phase
gave the best drug entrapment (83.62%).
Increasing too much the organic phase volume
decreased drug entrapment efficiency. However
using 3 organic phase to 1 aqueois solvent ratio
gave high drug entrapment efficiency since the
drug has higher affinity and partition to the
aqueous phase than the organic phase, more
drug will be entrapped in the aqueous phase and
consequently the drug entrapment efficiency into
the liposome will increase. The use of high
volume of organic phase such as 10 organic
phase to 1 aqueous phase ratio interfered with
the solubility of naproxen sodium and decreased
drug entrapment into the liposome.

3.1.4 Alternative methods of preparation

Three formulations of the same composition
were prepared, each with a different method of
preparation. Formulation prepared by the heating
method gave a 35.51% of drug entrapment while
formulation of the same composition but
prepared by the reverse phase evaporation
method entrapped 66.70% of the drug, and
formulation prepared by film evaporation
rehydration method (conventional method) gave
the highest percent of drug entrapment (83.62%).
These data indicated that method of preparation
has an effect on drug entrapment efficiency.

Table 2 shows the drug entrapment of all
liposome formulations.

Table 2. Drug entrapment of all liposome
formulations

Formulations Percent drug Standard
entrapment efficiency deviation

F1 27.28 3.05

F2 25.40 1.81

F3 83.62 9.60

F4 19.93 1.91

F5 16.76 1.08

F6 27.90 3.86

F7 62.37 10.63

F8 11.09 1.44

F9 35.51 9.76

F10 66.70 4.68

F1=9 g HEC: 3.6 g CH:0.9 g CH-H) prepared by
3 lipid: 1 drug, 3 organic:1 aqueous phase ratio
and conventional method; F2= (9 g HEC:3.6 g
CH:0.9 g CH-R) prepared by 2 lipid:1 drug, 3
organic:1 aqueous phase ratio and conventional
method; F3= (9 g HEC:3.6 g CH:0.9 g CH-H)
prepared by 3 lipid:1 drug, 3 organic:1 aqueous
phase ratio and conventional method; F4= (3.6
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HEC:1.2 g CH:0.3 g CH-H) prepared by 1 lipid:3
drug and conventional method; F5= (9 g LEC:1.8
g CH:2.6 g CH-H) prepared by 3 lipid:1 drug and
conventional method; F6= (9 g LEC:3.6 g CH:1.8
g CH-H) prepared by 3 lipid:1 drug and and
conventional method; F7= (9 g LEC:3.6 g CH:0.9
g CH-H) prepared by 3 lipid:1 drug, 10 organic:1
aqueous phase ratio and conventional method;
F8 (9 g LEC:3.6 g CH:0.9 g CH-H) prepared by 3
lipid:1 drug, 1 organic:1 aqueous phase ratio and
conventional method; F9 (9 g LEC:3.6 g CH:0.9
g CH-H) prepared by 3 lipid:1 drug, 3 organic:1
aqueous phase ratio and heating method; F10=
(6 g LEC:3.6 g CH:0.9 g CH-H) prepared by 3
lipid:1 drug, 3 organic:1 aqueous phase ratio and
rphase evaporation method.

ANOVA one way analysis indicated that there is
significant difference in percent drug entrapment
between all formulations.

3.2 Dissolution Results

3.2.1 Different duq to lipid ratio

Four initial formulations were prepared varying
the lipid to drug ratio as mentioned previously.
Formulations with the highest amount of drug to
lipid; 1 lipid to 1 drug and 1 lipid to 3 drug,
showed immediate drug release and released
74.06% and 83.07% respectively, at 15 minutes
of testing dissolution. Formulation containing 3
lipid to 1 drug ratio released 15.06% of drug at 6
hours of testing dissolution while the dissolution
profile of formulation prepared with a 2 lipid to 1
drug ratio appears to exhibit a suitable controlled
release profile. The percent drug released was
16.73% and 51.90% at 15 and 360 minutes of
testing dissolution, as shown in Fig. 1. These
results show that formulations with the highest
lipid to drug ratio (3:1, 2:1), decreased the drug
release from liposome. However, formulation
with the same amount of drug and lipid or with
more amount of drug than lipid, released 74% of
the drug at 15 minutes of testing dissolution.
These data indicated that increasing the lipid
level, increased the lipid membrane thickness
and consequently slow the drug release from the
liposome.

3.2.2 Different lipid to lipid ratio

Three formulations of the same composition
were prepared. The only difference between
these formulations is the lipid to lipid ratio.

Formulation consists of 9.0 g lecithin: 3.6 g of
cholesterol: 0.9 g Cholesteryl Hemi succinate
released the least amount of drug, 15.04%, at
360 minutes (6 hours) of testing dissolution.
Increasing the amount of cholesterol
hemisuccinate to the double, increased slightly
the amount of drug released (29.8%) at 360
minutes of testing dissolution as shown in Fig. 2.
These data may be due to the presence of
charged lipid as cholesterol hemisuccinate that
decreased aggregation, increased repulsion
between the vesicles and consequently
enhanced liposome stability.

3.2.3 Different organic to agueous phase ratio

Three formulations were prepared with different
ratio of organic to aqueous phase. Formulation
prepared with 1 organic to 1 aqueous phase
released 64.5% drug at 15 minutes of testing
dissolution as shown in Fig. 3. Formulation
prepared with large quantity of aqueous solvent
gave inconsistent drug release. Formulation
prepared with 10 organic to 1 aqueous phase
ratio released 43.5% at 15 minutes and 63% at
369 minutes while formulation prepared with 3
organic to 1 aqueous phase ratio released 14%
at 360 minutes of testing dissolution as shown in
Fig. 3.

These data indicate that the ratio of organic to
aqueous phase has an effect on the fluidity and
stability of the liposome which consequently
affect the physico-chemical properties and the
drug release from liposome.

3.2.4 Alternative methods of preparation

Three formulations of the same composition
were prepared by different  methods.
Formulation prepared by phase reverse
evaporation released the highest amount of drug.
The percent drug released was 66% and 85% at
15 and 360 minutes respectively. Formulation
prepared by using heating method released
71.5% of the drug at 360 minutes of testing
dissolution. Formulation prepared by film
evaporation rehydration (conventional) method
gave the least amount of drug release, only 15%
of the drug was released at 360 minutes of
testing dissolution. As shown in Fig. 4. These
data indicated that method of preparation and
operating condition clearly affect the drug release
from liposome.

The statistical analysis supported the dissolution
data and showed significant difference in drug
release between different liposome formulations.
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3.3 Mechanism of Drug Release

The mechanism of drug release was found to
follow the diffusion model described by Higuchi.
A linear relationship was obtained between
square root of time and percent drug released as
shown in Figs. 5 and 6 for liposome prepared by
using 3 lipid to 1 drug ratio and liposome
prepared by using heating method respectively.

3.4 Particle Size

The particle size of the different liposome
formulations is shown in Table 3. Formulation
composed of 9 g lecithin: 1.8 g cholesterol: 12.6 g

Ghaly; JSRR, 4(4): 292-305, 2015; Article no.JSRR.2015.033

cholesteryl hemisuccinate and formulation
composed of 9 g lecithin: 3.6 g cholesterol: 1.8 g
cholesterol hemisuccinate gave the smallest
particle size. The particle size was 1.0 um and
0.9726 um respectively.

Formulation prepared with a ratio of 1 lipid to 3
drug gave the largest particle size. The particle
size was 3.10 um as shown in Table 3. These
data indicated that the ratio of lipid to lipid and
method of preparation have an effect on
liposome particle size

(" )
8 16 .
o 14
8 12
© s
£ 10 /
S 8
Q ¢
S
R _
y = 0.942x - 3.342
c 2
§ / | RE=0.993
0 5 10 15 20
Square root of time (12)
\_ J

Fig. 5. Square root of time plot for formulation prepared with 3 lipid to 1 drug ratio
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Fig. 6. Square roof of time plot for liposome prepared by heating method
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Table 3. Particle size analysis for all liposome
formulations

Formulation Mean(pm) SD (um)
F1 1.2079 0.9352
F2 2.1906 1.3129
F3 1.2347 0.6761
F4 3.1704 1.4476
F5 1.0010 0.4129
Fé6 0.9726 0.3029
F7 2.4598 1.3167
F8 1.3501 1.0090
F9 1.9942 1.1716
F10 1.8801 0.8627

F1= 9 g HEC:3.6 g CH:0.9 g CH-H) prepared by
3 lipid:1 drug, 3 organic :1 aqueous phase ratio
and conventional method; F2= (9 g HEC:3.6 g
CH:0.9 g CH-R) prepared by 2 lipid:1 drug, 3
organic:1 aqueous phase ratio and conventional
method; F3= (9 g HEC:3.6 g CH:0.9 g CH-H)
prepared by 3 lipid:1 drug, 3 organic:1 aqueous
phase ratio and conventional method; F4= (3.6
HEC:1.2 g CH:0.3 g CH-H) prepared by 1 lipid:3

=, ==
GEM-GLE

t@pm kU 21&8EZ @a@azsal

tApm ki Z18E

(C)

drug and conventional method; F5= (9 g LEC:1.8
g CH:2.6 g CH-H) prepared by 3 lipid:1 drug and
conventional method; F6= (9 g LEC:3.6 g CH:1.8
g CH-H) prepared by 3 lipid:1 drug and and
conventional method; F7= (9 g LEC:3.6 g CH:0.9
g CH-H) prepared by 3 lipid:1 drug, 10 organic:1
aqueous phase ratio and conventional method;
F8 (9 g LEC:3.6 g CH:0.9 g CH-H) prepared by 3
lipid:1 drug, 1 organic:1 aqueous phase ratio and
conventional method; F9 (9 g LEC:3.6 g CH:0.9
g CH-H) prepared by 3 lipid:1 drug, 3 organic:1
aqueous phase ratio and heating method; F10=
(6 g LEC:3.6 g CH:0.9 g CH-H) prepared by 3
lipid:1 drug, 3 organic:1 aqueous phase ratio and
reverse phase evaporation method.

3.5 Scanning Electron Microscope

These scanning electron microscope data
indicated that the ratio of lipid to drug, lipid to
lipid, organic to aqueous phase, method and
operation technique have effect on morphology
and size of liposome Figs. 7 to 10.

e g [ LTI E ﬁ
1@um ki Z16EZ G@E4-082 SEM-315

Fig. 7. Scanning electron microscope for liposome composed of different lipid to drug ratio.
(A) 1 lipid: 1 drug, (B) 2 lipid: 1 drug, (C) 3 lipid: 1 drug
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(B)
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Fig. 8. Scanning eectron mcroscope for Iposome composed of dfferent Ipid to Ipid ratio. (A) 9
g lethicin:1.8 g cholesterol:2.6 g cholesteryl hemisuccinate, (B) 9 g lecithin:3.6 g
cholesterol:1.8 g cholesteryl hemisuccinate

(A) (B)
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Fig. 9. Scanning electron mcroscope for Iposome pepared by dfferent ratio of organic to
aqueous phase. (A) 1 organic:1 aqueous phase, (B) 10 organic:1 aqueous phase.

(B)
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Fig. 10. Scanning electron microscope for liposome prepared by bifferent methods. (A)
heating method, (B) reverse phase evaporation
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4. CONCLUSION

Naproxen liposomes were successfully designed
and prepared. The ratio of lipid to drug, lipid to
lipid, organic to aqueous phase and methods of
preparation  affect the  physico-chemical
properties of the liposome, drug entrapment
efficiency, drug release, particle size and shape
of the liposomes. Formulation prepared with a
ratio of 3 lipid to 1 drug and 3 organic to 1
aqueous phase using the thin film rehydration
(conventional method) gave the highest
entrapment efficiency (83.62%) and released
only 15% at 360 minutes of testing dissolution.
Formulation prepared with 1:1 organic to
aqueous phase ratio entrapped only 11.09%
drug, Formulation of 3 lipid:1 drug ratio showed
66.7%% drug entrapment, while formulation of
the same composition but prepared with heating
method gave 35.5% drug entrapment.

Formulation prepared with 3:1 organic to
aqueous phase, gave 83.62% and liposome
prepared with 10 organic:1 aqueous phase
showed 62.37% drug entrapment. As mentioned
previously, formulation prepared with 1 organic
phase to 1 aqueous phase entrapped only
11.09% drug, As the ratio of lipid to drug
increased, the entrapment efficiency increased
and drug release decreased. Formulation
prepared by heating method released 14.38%
and 71.5% at 15 and 360 minutes respectively.
The drug release from naproxen liposome
followed Higuchi model for diffusion.

Most of the liposome formulations are spherical
in shape as shown under the scanning electron
microscope. Formulation prepared with 1 lipid to
3 drug gave the largest mean particle size
diameter (3.17 um). Formulation composed of 9
g lecithin: 1.8 g cholesterol: 2.6 g g cholesteryl
hemisuccinate and formulation composed of 9 g
lethicin: 3.6 g cholesterol: 1.8 g cholesteryl
hemisuccinate gave the smallest mean particle
size, 1.0 and 0.972 ug respectively.

This study demonstrated that liposome is a
promising delivery system for naproxen.
Adittionaly the use of heating method can be
proposed with the aim with the aim of reducing
toxicity of residual organic solvent. In the final
liposome delivery system.

This research, also demonstrated that the ratio of
lipid to drug, organic to aqueous phase ratio, lipid
composition and methods of preparation have
direct effect on the drug entrapment efficiency,

drug release, liposome size and physico-
chemifcal properties of the liposome.
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