international
journal of
pharmaceutics

2
N
IER International Journal of Pharmaceutics 159 (1997) 207-213

ELSEV

The evaluation of crown ether based niosomes as cation
containing and cation sensitive drug delivery systems

Inas A. Darwish !, Ijeoma F. Uchegbu *

Centre for Drug Delivery Research, School of Pharmacy, University of London, 29—39 Brunswick Square, London, UK

Received 6 May 1997; received in revised form 5 September 1997; accepted 9 September 1997

Abstract

A novel crown ether amphiphile N-hexadecanoyl-2-aminomethyl-15-crown-5 (PCE) has been synthesised from
hexadecanoic acid N-hydroxysuccinimide ester and 2-aminomethyl-15-crown-5, with the aim of developing a cation
containing or cation sensitive controlled release system. Niosomes were prepared with a 1:1 molar ratio of PCE and
cholesterol (CHOL) with and without the addition of 10 mol% Solulan C24 (poly-24-oxyethylene cholesteryl ether).
A water-soluble fluorescent marker, rhodamine B was encapsulated within these niosomes. Rhodamine B containing
PCE/CHOL niosomes of approximately 6.3 um diameter were visualised by optical microscopy and sonicated
PCE/CHOL niosomes of approximately 134 nm in size were visualised by transmission electron microscopy. The
release of the fluorescent marker rhodamine B from PCE/CHOL niosomes was slightly increased by the addition of
calcium ions but remained unaffected by the addition of sodium ions. This is thought to be due to a slightly greater
ease of divalent cation chelation by the crown ether head groups when compared to the monovalent cation, the latter
of which are more highly solvated in aqueous solution. This is the first study on the effect of ions on the release
properties of crown ether based niosomes. These systems may be developed as cation containing or cation sensitive
release systems for drug delivery and other industrial uses. © 1997 Elsevier Science B.V.
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1. Introduction

Non-ionic surfactant vesicles (niosomes),
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agents for anti-cancer drugs (Rogerson et al., 1988;
Uchegbu et al., 1995) and anti-infective drugs
(Baillie et al., 1986). Niosomes may be formed from
a rich array of non-ionic surfactants with sugar,
polyoxyethylene, polyglycerol or polyhydroxy head
groups (Florence, 1993; Uchegbu and Florence,
1995). By systematically studying the physico—
chemistry/biological behaviour of a variety of nio-
somes with different head groups, it may be
possible to correlate the properties of niosomes
with specific head groups. For example, the change
from a poly-5-oxyethylene to a diglycerol head
group resulted in a doubling of the encapsulation
efficiency of a macromolecular pro-drug (Uchegbu
and Duncan, 1997).

Crown ethers are known to chelate metal ions in
solution—the ease of which depends on the relative
size of the crown when compared to the metal ion,
the nature of the solvent and the nature of sub-
stituents on the crown ether (Izatt et al., 1985). The
self-assembly of aza crown ether amphiphiles in
water results in the formation of micelles (Kuo et
al., 1983) or niosomes (Echegoyen et al., 1988). In
the presence of silver ions, C,, diaza crown ethers
form micelles and niosomes depending on whether
they are di- or mono-alkyl substituted derivatives,
respectively (Monserrat et al., 1980). Crown ether
amphiphiles devoid of nitrogen donor atoms have
also been shown to form micelles (Kuo et al., 1983;
Ozeki et al., 1990). In the present study, a new
crown ether amphiphile, devoid of nitrogen donor
atoms and capable of forming niosomes in the
presence of cholesterol has been synthesised. The
effect of metal cations on solute release from these
niosomes has also been studied.

2. Materials and methods
2.1. Materials

2-aminomethyl-15-crown-5, hexedecanoic acid
N-hydroxysuccinimide ester, cholesterol and rho-
damine B were all purchased from Sigma, Dorset,
UK. Solulan C24 (poly-24-oxyethylene cholesteryl
ether) was a gift from Ellis and Everard, Essex, UK.
Triethylamine, isopropyl alcohol, sodium chloride,
calcium chloride and chloroform (HPLC grade)

were purchased from BDH, Lutterworth, UK.
Water was supplied by an Elgastat UHQ water
system (Elga, UK)

2.2. Synthesis of
N-palmitoyl-2-aminomethyl-15-crown-5 (PCE)

2-aminomethyl-15-crown-5 (500 mg) was dis-
solved in chloroform (5 ml). To this was added
triethylamine (0.8 ml) followed by hexadecanoic
acid N-hydroxysuccinimide ester (0.71 g) dissolved
in chloroform (10 ml). The solution was stirred for
48 h at room temperature, protected from light.
After which the organic solvent was removed under
reduced pressure at 50°C. The product was then
washed with copious amounts of water ( ~ 500 ml)
on a filter funnel, leading to some loss of the
product. The insoluble residue was frozen in liquid
nitrogen and lyophilised over night (Edwards
Freeze dryer, UK) in order to obtain a dry product.
The white powder obtained was characterised by
mass spectrometry (fast atom bombardment -FAB,
ZAB-SE mass spectrometer, VG instruments) and
the melting point determined (SMP 1 melting point
apparatus—Stuart Scientific, UK).

2.3. Preparation of PCE/cholesterol (CHOL)

niosomes

Vesicles were prepared from: (a) PCE, CHOL
and Solulan C24 (poly-24-oxyethylene cholesteryl
ether; molar ratio =45:45:10); or (b) PCE and
cholesterol (molar ratio = 50:50) by hydrating a
thin surfactant/lipid film with aqueous solutions of
rhodamine B (5 mM) or water at 60°C. A portion
of the dispersion was sonicated for 4 min (MSE
PG100 probe sonicator) with the instrument set at
60% of the maximum output and the sonicated
dispersion left to cool slowly. For niosomes pre-
pared encapsulating rhodamine B, unentrapped
material was removed by ultracentrifugation
(150000 x g for 1 h).

2.4. Assay of PCE niosomes for rhodamine B
Niosomes were disrupted by the addition of

10 x the volume isopropyl alcohol followed by
an assay for rhodamine B by fluorimetry (excita-



1.A. Darwish, I.F. Uchegbu / International Journal of Pharmaceutics 159 (1997) 207-213 209

tion = 553 nm, emission = 614 nm; Perkin—Elmer
LS-3 Fluorimeter) after suitable dilution in dis-
tilled water. Standard rhodamine B solutions were
prepared in the relevant isopropyl alcohol, water
mixtures.

2.5. Sizing ofthe vesicles

Sizing was carried out on a Malvern Master-
sizer or Malvern Autosizer (Malvern Instruments,
UK).

2.6. Optical microscopy

Photomicrographs were taken with a Nikon
Microphot FXA light microscope.

2.7. Transmission electron microscopy

The Vesicle dispersion was pipetted onto a pre-
coated copper grid (400 mesh) with a support film
of 1% collodion in isoamylacetate and the sample
stained with 1% phosphotungstic acid. Sample
grids were viewed and photographed with a
Philips 201 transmission electron microscope at
an accelerating voltage of 80 kV.

2.8. In-vitro release study

1 ml of the rhodamine B niosome suspension +
(a) 1 ml water; (b) sodium chloride (2 M); or (c¢)
calcium chloride (2 M) was placed in dialysis
tubing (Visking, molecular weight cut off = 12—-14
kD). The niosome containing dialysis tubing was
then placed in 20 ml of distilled water and the
whole mixture incubated (with shaking) at 37°C.
At various time intervals 0.5 ml of the dialysate
was sampled and the fluorescence measured. The
dialysate was replenished with 0.5 ml of fresh
water after each sample had been withdrawn.

2.9. Statistics

One way ANOVA tests were conducted at each
time point, followed by Bonferroni post tests.
Statistical significance was defined by P < 0.05.

3. Results and discussion
3.1. Synthesis of PCE

PCE (Scheme 1) was synthesised according to
the method of Lapidot et al., 1967 in which
activated N-hydroxysuccinimide esters specifically
attack amino groups (Scheme 1). The product, a
white powder, was insoluble but dispersible in
water at room temperature. Mass spectrometry
data yielded one main peak corresponding to the
mass ion plus sodium and a further minor peak
corresponding to the mass ion plus potassium
(Table 1). The absence of the mass ion itself is not
unexpected as crown ether compounds show an
affinity for metal cations (Izatt et al., 1985). The
melting point of PCE was 54°C.

3.2. PCE/CHOL niosomes

PCE was shown to form niosomes on hydration
followed by sonication, in the presence of choles-
terol with and without the addition of the steric
stabiliser Solulan C24 (Fig. la and b, respec-
tively). The inclusion of 10 mol% Solulan C24
altered the appearance of these sonicated nio-
somes. This could reflect a difference in mem-
brane fluidity, as the addition of soluble
surfactants such as Solulan C24 is known to
increase the elasticity of some vesicle bilayers
(Uchegbu and Florence, 1995). The encapsulation
of rhodamine B by PCE niosomes could be visu-
alised easily in unsonicated samples (Fig. 2). The
encapsulation efficiency for PCE, cholesterol,
Solulan C24 (45:45:10) niosomes was 0.012 moles
rhodamine per mole of surfactant lipid. There was
no effect on vesicle size by the encapsulation of
rhodamine B (Table 2). Previous reports of crown
ether based niosomes all refer to the use of aza-
crown ethers (Monserrat et al., 1980; Echegoyen
et al., 1988) and this is the first report of a crown
ether based niosome prepared using a crown ether
amphiphile not possessing nitrogen donor atoms.

3.3. In-vitro release study

The release of rhodamine B from PCE vesicles
was largely unresponsive to the presence of
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Scheme 1. The synthesis of PCE. A, 2-amino methyl 15-crown-5; B, hexadecanoic acid N-hydroxysuccinimide ester; C, PCE.

sodium ions but increased slightly in the presence
of calcium ions (Fig. 3). There was a molar excess
of metal cations in each case. It is possible that
crown cther chelation of cations in solution would
lead to a change in the character of the membrane
and possibly an increase in membrane leakiness.
The inclusion of the hexadecanoyl chain is not
expected to alter the cation chelating ability of
this macrocyclic compound (Lamb et al., 1981;
Ikeda et al., 1982). The ionic radii of sodium (1.02
A) and calcium (1.00 A) cations are similar to the
radius of the 15-crown-5 ether head group cavity
(0.86-0.92 A) and complex stability is optimised
when the ratio of crown cavity size to cation

Table 1
Characterisation of PCE

Analysis method Results
Mass spectrometry—ZAB-SE MS fast 526 (19%,
atom bombardment (FAB) M+ +K)

510 (100%,
M+ +Na)
Melting point 54°C

diameter is at or near 1 (Izatt et al., 1985). Ratios
less than 0.7 yield very low stability complexes
(Izatt et al., 1985). Although the cations are too
large to “fit’ into the ligand 1:2 complexes may be
formed (Lamb et al., 1981). The difference in the
response of PCE vesicles when in contact with
sodium and calcium ions may be explained by
considering the complex stability. The complex
stability of calcium-PCE would exceed that of
sodium-PCE, due to the higher solvation energy
of sodium ions in water. The solvation energy
barrier has been known to prevent crown ecther
chelation of highly solvated cations (Izatt et al.,
1985).

The inclusion of dicyclohexano-18-crown-6 in
vesicles prepared from sodium 4-
(1'heptyinonyl)benzene sulfonate increased the
permeability of these vesicles to potassium and
sodium tracer molecules (Hamilton and Kaler,
1987). Other changes in self assembled crown
ether systems on the addition of metal cations
include an increase in the critical micelle concen-
tration (CMC) of octyl 15-crown-5 on the addi-
tion of sodium ions due to the formation of a
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Fig. 1. X103000 MAG. Transmission electron micrograph of: (a) PCE, cholesterol, Solulan C24 (45: 45:10) niosomes; (b) PCE,
cholesterol (50:50) niosomes; bar, 100 nm.

Fig. 2. X250 MAG. Optical micrograph of PCE, cholesterol, Solulan C24 (45:45:10) niosomes encapsulating rhodamine, bar = 40

um.

more ionic species (Kuo et al., 1983). However octadecyl  18-diazacrown-6  amphiphile (Le

micelle formation was promoted by the addition Moigne et al., 1977).
of barium ions to an aqueous dispersion of the It must be emphasised that the differences be-
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Table 2
PCE niosome size

Composition of PCE niosomes

Particle size (sonicated

Particle size (unsonicated niosomes;

niosomes; nm) [m)
Empty niosomes (PCE/CHOL; 50:50) 124 9.0
Empty niosomes (PCE/CHOL/Solulan C24; 45:45:10) 134 6.7
Rhodamine B niosomes (PCE/CHOL/Solulan C24; — 6.3

45:45:10)
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Fig. 3. The in vitro release of rhodamine B from PCE, cholesterol, Solulan C24 (45:45:10) niosomes in the presence of @, calcium
chloride (2 M); B, sodium chloride (2 M); and [J, water. Data points represent the mean + SEM; n=3. **P < 0.01; *P <0.05.
Statistically significant differences are seen at 2 and 4 h between calcium chloride and sodium chloride incubation mixtures and also
at 5 h and 24 h between calcium chloride and control (water) mixtures. There were no differences seen between sodium chloride and

control (water) incubation mixtures.

tween the rhodamine B release rates of PCE nio-
somes in the presence of sodium and calcium ions
is only slight. This may be due to the inherent
leakiness of these niosomes. In the event of this
being the case the inclusion of other vesicle form-
ing surfactants may be used to remedy the leaki-
ness (Uchegbu and Florence, 1995).

However, the purpose of the present communi-
cation is to present crown ether based niosomes
prepared from a new crown ether amphiphile—
PCE and cholesterol as metal ion sensitive/con-
taining systems. The use of systems such as these

in calcium homeostasis is proposed. Also cation
containing controlled release systems, once opti-
mised, may be used simply because they present
the user with a different type of charged system.

4. Conclusions

A crown ether based niosome system has been
formed from a new crown ether amphiphile—
PCE and cholesterol. These crown ether based
niosomes may be used to develop cation sensitive/
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containing controlled release systems, as PCE/
CHOL niosomes encapsulating rhodamine B were
more leaky in the presence of calcium ions than in
the presence of sodium ions.
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