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ABSTRACT

New generation dosage forms mainly comprise three dimensional colloidal drug carrier systems for the
drugs, which have been designed to control the release of the drug according to the need or can be shooted at the
target site to pool the target site with the drug. Niosomes have proved to be the better alternatives for liposomes
because of their low cost, greater stability and ease of storage. Cationic vesicles have proved to be very useful since
they can readily interact with negatively charged cell membranes. Hydrophobic drugs are entrapped into the
hydrophobic matrix of bilayers of niosomes to a limited extent with less encapsulation efficiency. Henceforth, we put
forward a novel approach to improve encapsulation of highly water insoluble drugs into niosomes by loading drugs
into micelles which can be conveniently encapsulated into aqueous region of bilayers. Cationic vesicles were formulated
and optimized the formulation by varying the ratios of Span 60, Cholesterol and charge inducer, Stearylamine.
Micellar solubilized Rifampicin was loaded into the aqueous compartments of cationic vesicles without any change
in the shape and charge of the vesicles. Further the vesicles were subjected to release study to understand the
permeability characteristics of the bilayer. The approach definitely provides a means of encapsulating insoluble
drugs into the aqueous compartment with enhanced drug load.
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1. INTRODUCTION amphiphiles. Non-ionic surfactants were among the first
Targeting of the drugs through carrier system alternative materials studied and a large number of
has been the central theme of research in therapeutics. surfactants have since been found to self assemble into

One of the primary objectives in the design of novel closed bilayer vesicles which may be used for drug
drug delivery systems is controlled delivery of the delivery (Handjani Vila et al., 1979).

pharmacological agent to its site of action at a Niosomes have proved to be the better
therapeutically optimal rate and dose regimen (Kreuter,  ajternatives for liposomes because of their low cost,
1992). This site specific or targeted delivery combined  greater stability and case of storage. They are now
with delivery at an optimal rate would notonly improve - egtablished as useful model membrane systems and have

the efficacy of a drug but would also reduce the e onsirated potential for delivering molecules as large
posm‘blhty of unwanted toxic .51(.16 effects of the drug, as DNA to the intracellular compartment. Not only
thus improving the .therap eutic index (Youssefet e,ll" DNA, they have been exploited as potential carriers
1988). New generation dosage forms mainly comprise for a variety of drugs (Azmin et al., 1985; Baillie et al.
three dimensional colloidal drug carrier systems for the 1986; Uchegbu et al., 1995) tlierape’u tic pro teins,
drugs, which have been designed to control the release (Has;an etal., 1996) arl d diaglios tic agents (Erdogan
ofthe drug according to the need or can be shooted at etal., 1996) v

the target site to pool the target site with the drug. ° Muc.h of the literature cited regarding niosomes

. The success achieved with 11posp mal syste.ms has dealt with preparation methods and their use for
stimulated the search for other vesicle forming . . .. .
delivering anticancer, anti-infective agents etc. Current
research in cationic liposomes is pointing out in the
direction of targeting of drugs and DNA into the cellular
compartment. For this purpose cationic vesicles have
proved to be very useful since they can readily interact
with negatively charged cell membranes. They are useful
in delivering DNA vaccines and in Gene therapy.
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Hydrophobic drugs are entrapped into the
hydrophobic matrix of bilayers of niosomes to a limited
extent with less encapsulation efficiency. Moreover,
there is every possibility that the drugs so encapsulated
may perturb the bilayer and interfere with the
microstructure of the bilayer resulting in destabilisation
of the system. Hence there is a need to develop
methods to incorporate higher amounts of hydrophobic
drugs keeping the integrity of bilayer of the niosome.
We put forward a novel approach to improve
encapsulation of highly water insoluble drugs into
niosomes by loading drugs into micelles which can be
conveniently encapsulated into aqueous region of
bilayers.

2. MATERIALS & METHODS

Span 60, Cholesterol, Stearylamine were
purchased from Sigma chemicals, St.Louis, USA.
Rifampicin was a kind gift sample from Lupin, India.
Lauryl glucoside (Planta care G) was purchased from
Henkel KGAa, Germany. Dialysis membrane was
purchased from Hi media, Mumbai, India. All other
solvents used were of HPLC grade.

Preparation of Vesicles by Film Hydration method

Vesicles were prepared by using film hydration
method [Bangham et al., 1965]. Stock solutions of Span
60, cholesterol and stearylamine were prepared in
chloroform, so as to minimize the variations in the amount
while weighing. Aliquots of Span 60, cholesterol and
stearylamine were taken from the stock solutions
representing the required concentrations in a round
bottom flask and the volume is made upto 14 mL with
chloroform and 1 mL of methanol. The solvent was
evaporated under reduced pressure in rotary vacuum
evaporator (Heidolph, Germany). Temperature of the
water bath was maintained between 55 - 60°C and the
flask was rotated at 150 rpm. After complete
evaporation of the organic solvent, dry thin lipid film
formed along the inside wall of flask was hydrated by
adding 5 mL of double distilled water heated to the same
temperature and the flask was subjected to rotation at
alow speed in water bath for about 30 min and the final
preparation was diluted to 10 mL. The traces of solvent
in the preparation was removed by prolonged exposure
to vacuum. Levels of solvent in the final preparation
was monitored by HPLC.
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Preparation of Vesicles by varying cholesterol
concentration

The molar ratio between Span-60 and
cholesterol was varied keeping charge inducer at 25%
of'the total lipid. The niosomal preparations with these
mixtures were prepared as per the above procedure.

Preparation of Vesicles by varying Stearylamine
concentration

Vesicles with Span 60 and Cholesterol in 1:1
molar ratio and charge inducer stearylamine in varying
concentrations (10, 12.5, 15, 20, 25, 30 mole percent)
were prepared as per the above procedure.

Preparation of micellar solubilized Rifampicin

Rifampicin and Plantacare (lauryl glucoside)
were taken in a small beaker. 250 mg of Polysorbate
80 followed by 10 ml of methanol was added, so that a
clear solution is obtained. After complete evaporation
of the organic solvent under reduced pressure in rotary
evaporator (Heidolph, Germany), the film formed along
the inside wall of the flask was hydrated with double
distilled water.

Encapsulation of Micellar Solubilized Rifampicin

The required concentration of rifampicin was
taken from the above solution and was entrapped into
the selected cationic niosome formulation as per the film
hydration method.

Characterization
Microscopy

The vesicles prepared were suitably diluted and
a drop of niosomal dispersion was mounted on a slide
with cover slip and was observed at a magnification of
450X using light microscope to confirm the formation
of vesicles, shape, agglomeration and type of vesicles.

Measurement of Electrokinetic Potential

The Electrokinetic potentials were measured (1 in 50
dilution) using Zeta Meter (Zeta Meter Inc., USA).

Total drug content

One mL of the preparation was digested with chloroform

and methanol mixture (1:4) and a suitable dilution was

used to estimate total rifampicin content in the niosome

preparation.

Percent encapsulation using Ultra filtration
Centrisart (Saltorius, Germany) with molecular

weight cut-off of 20 KD was used for ultrafiltration.
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Diluted niosome dispersion was taken in a centrisart
tube and centrifuged for 10 min at 5000 rpm. The clear
solution in the inner tube was withdrawn immediately
and diluted suitably with methanol and the absorbance
was measured at 334 nm using UV spectrophotometer
(Elico, India). The percent encapsulation was calculated
by substracting the unentrapped drug from the total drug
content.

Release Study

Niosome dispersion (2 mL) was placed in the
dialysis pouch made up of cellulose membrane. Pouch
was suspended in 100 mL beaker containing 90 mL of
7.4 pH phosphate buffered saline. The total dialysis
medium was replaced with equal volume of fresh
medium at an interval of 15 min. The absorbance of
dialysis samples was measured at 334 nm usinga UV
spectrophotometer (Sanya SP55, gallenkamp, UK).
The concentration in samples was obtained from
standard plot and the dialysis was stopped when drug
concentration reached a limiting value which gives the
unentrapped Rifampicin in the dispersion.

The dialysed niosome dispersion which is almost
devoid of unentrapped rifampicin was used for release
studies. The pouch containing this preparation was
placed in 100 mL beaker containing 90 mL of release
medium. The aliquots of 5 mL were withdrawn and
replaced with same amount of 7.4 pH Phosphate buffer
saline at pre-set intervals for 24 hours. The samples
were analyzed for Rifampicin by UV spectrophotometer
(Sanya SP55, gallenkamp, UK) at 334 nm. All
experiments were performed in triplicate and values are
reported as mean = SD.

3. RESULTS AND DISCUSSION

The vesicles were formed in all the systems but
the abundancy and uniformity of'the vesicle shape was
mainly dependent on the charge inducer, stearylamine
and the ratio of cholesterol. Reducing Span-60 :
Cholesterol ratio the hydration was not good moreover
itresulted in formation of vesicles with improper shapes
and with poor stability, which can be attributed to non
rigidity of the bilayers. In accordance with the reports,
the systems containing cholesterol in equimolar
proportion with vesicle former, Span 60 resulted in better
formulation (Bangham et al., 1965).
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At 10 and 12.5 mole % stearylamine hydration
was incomplete and hence few vesicles were seen in
the preparation. From 15 mole% of stearylamine
onwards hydration improved gradually resulting in the
increase of abundancy of vesicles. At 25 mole%
hydration was quick and complete. In this preparation
large numbers of spherical vesicles were observed.
Further increase in SA concentration of 30 mole%
though hydration was good, vesicle shape distorted. The
observations made from different preparations varying
stearylamine and cholesterol ratios clearly indicated that
the abundancy of vesicles was more in Span 60,
cholesterol, and stearylamine (37.5 : 37.5 : 25 mole%)
respectively (Table 1 & 2).

Normally with increase in stearylamine positive
zeta potential of vesicles should increase, when the ratio
of other components is constant. However from 10 to
15 mole % stearylamine postive charge decreased, this
can be attributed to improper hydration and incomplete
vesicle formation, wherein charge inducer is not
distributed evenly into bilayers. Interestingly when
hydration started improving from 15 to 30 mole%
number of vesicles with uniform spherical shape
increased and zeta potential also has gradually increased.
However, at 30 mole% again vesicle shape distorted.

The light microscopic examination of the vesicles
revealed that vesicles are of large unilamellar and
multilamellar type (Fig. 1). The micellar solubilized
rifampicin has been encapsulated into the cationic
niosomes without any significant change in the charge
and shape of'the vesicles (Table 3).

The zeta potential measurements showed that
the vesicles carry positive charge on their surfaces. The
zeta potential values of control vesicles and Rifampicin
encapsulated vesicles are +55.71 £ 9.3 and +53.55 +
6.7 respectively. The entrapment efficiency of Rifampicin
loaded vesicles was 35.43% (Table 3).

The average Rifampicin release profiles from
formulation along with control (micellar solubilized
Rifampicin) is shown in Fig. 2. The faster release rate
was observed for drug solution with 90% release within
2 hrs indicating permeability of the membrane to the
drug. The formulations exhibited a typical biphasic
pattern of release. Initially up to 2 hrs, a faster release
and later on the release was slowed down. The
formulation exhibited a sustained release when compared
to control.
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The initial rapid phase is because of the burst
release of the drug present in the bilayer which is due to
the saturation of the bilayer with the drug during the
exhaustive dialysis (Muhlen et al., 1998).

Table - 1: Zeta Potential Measurement for the
preparations containing varying Stearylamine
concentration (1 in 50 dilution)

Composition (mole%) | Zeta Potential
Span60 : Cholesterol : (mV) Remarks
Stearylamine Avg +SD
45:45:10 +58.37+5.65 | Poor hydration, few vesicles and
not uniform in shape
43.75:4375:125 | +5125+8.74 | Few vesicles, shapes are different
and hydration to certain extent.
425:425:15 +41.57 £6.062 | Vesicles no. and hydration is
increased with some spherical
vesicles.
40:40:20 +53.0+7.968 | Vesicles are present & hydration is
good
37.5:375:25 +56.80 £9.812 | Complete hydration, abundant and
spherical vesicles
35:35:30 +58.9+746 | Complete hydration but the
vesicles shape disturbed.

Table - 2: Zeta Potential Measurement for the
preparations containing varying Cholesterol
concentration (1 in 50 dilution)

Composition
(mole%) Zeta Potential
Span60 : (mV) Remarks
Cholesterol : Avg. £SD
Stearylamine
375:375:25 +64.6+11.6 | Complete hydration, abundant and
spherical vesicles.
405:325:27 +51.64 4782 | Hydration is good, with spherical
vesicles, less in number.
435:275:29 | +5934£546 | Partial hydration with vesicles few in
number.
465:225:31 +59.36+8.5 | Vesicles few in no, hydration is
incomplete
525:125:35 +51.7746.65 | Poor hydration, vesicles with poor
stability
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Table - 3: Zeta Potential and Percent
encapsulation for the Micellar
solubilized Rifampicin entrapped vesicles

Zeta Potential Percent
Preparation (mV) .
Avg. + S.D Encapsulation
Control +55.7+9.3 -
lejamplcm. encapsylated‘ 1535467 3543
cationic noisome dispersion

Fig. 1 Photomicrograph of Cationic niosomes
dispersion loaded with micellar solubilized Rifampicin
(Under 450X magnification)
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Fig.2: Release profiles of Cationic niosomes
encapsulated with micellar solubilized Rifampicin
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4. CONCLUSIONS

Many times loading water insoluble drugs into
bilayer may result in drug leakage and interfere in
formation of vesicles due to perturbation of the bilayer.
Micellar solubilized drugs can be loaded with ease into
aqueous compartment. The novel approach may
resolve the issue to a great extent and definitely proves
to be worthwhile to explore the micellar solubilized
loaded vesicles for drug load enhancement and targeting
to the specific site.
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