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METHOD FOR THE FORMATION  OF LIPOSOMES AND
COMPOSITIONS FOR USE THEREIN

This invention relates to a method of
5 forming liposomes or related bilayered structures and
to a composition for use in such a method. The method is
particularly suited to the formation of liposomes in
situ on biological surfaces.

Liposomes are lipid vesicles made up of

10 alternating bilayers separated by aqueous spaces.
Bilayered structures are extended structures which may
or may not be vesicular, but are made up of lipid
bilayers separated by aqueous spaces. Early interest
in liposomes was confined to role models for cell

15 membranes. However, there is now considerable
interest in the pharmaceutical and cosmetic use of
liposomes as carriers. Biologically active
compounds entrapped in liposomes are protected from
the external environment and diffuse out gradually

o9 to give a sustained effect. Despite the many
advantages of liposomes, however, low entrapment,
production and stability problems have hindered their
practical use as carriers of biologically active
compounds. Numerous methods for dealing with these

25 problems have been reported.

Previous techniques for forming liposomes
generally rely on solvent evaporation or high energy
processing. The most basic method involves spreading
a thin film of lipid in a flask by removal of the

30 solvent which is usually chloroform. Multilamellar
vesicles (MLV’'s) are formed by sonicating an aqueous
dispersion of the lipid film. 1In an improvement on
this method, US Patent No. 4235871 describes reverse-
phase evaporation vesicles (REV°'s). In this

35 disclosure, an agueous medium is added to a solution.
of lipid in diethyl ether to obtain a dispersed phase.
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After sonication to a homogeneous dispersion, the
solvent is evaporated under reduced pressure to yield
a suspension of liposomes.

US Patent No. 4522803 claims stable
plurilamellar vesicles (SPLV's). They are prepared in
somewhat similar fashion to the REV's of US Patent
No. 4235871. A smaller quantity of aqueous medium is
added to the lipid solution to ensure formation of
intermediate emulsion droplets. After or during
sonication, the solvent is removed in a stream of
nitrogen. Further aqueous solution is added to give a
liposome suspension.

British Patent Application No. 2089681
describes a process for making lipid membrane
structures, wherein a solution of bilayer forming
compounds in a two component solvent system is
coarsely emulsified in an aqueous medium.
Subsequently, at least a portion of the solvent system
is stripped off using elaborate procedures to form a
suspension of liposomes.

It is to be noted that the prior art
technigues require immiscible, toxic solvents which
have to be removed from the system. Furthermore,
energy has to be applied to form liposomes after
solvent evaporation.

EP-B-0158441 describes a "proliposome”
approach which has been developed to facilitate the
wider use of liposomes. Proliposomes are defined as
progenitors of liposomes and are bilayer lipid
compositions that rearrange to form stable liposome
vesicles upon the simple addition of excess water.
Biologically active compounds present in the system
are trapped with high efficiency during the
reorganisation into stable vesicles. Under suitable
conditions, the conversion of proliposomes to

liposomes can take place on moist skin, or mucosa, by



WO 92/18103 PCT/GB92/00691

utilising the indigenous water 'present. However, this
process can be slow and requires sufficient water to
maximise conversion to liposomes.
The present invention therefore seeks to

5 provide an alternative approach for the formation of
liposomes or bilayered structures (which terms as used
hereafter are to be understood as including films
formed by the collapse of liposomes or bilayered
structures), that does not necessarily involve

10 addition of excess water, and which is particularly
suitable for the "in situ" production of liposomes or
bilayered structures on biological surfaces or
substrates. The compositions of this invention may
therefore be regarded as a form of "proliposomes" in

15 that they are progenitors of liposomes. Moreover, the
formation of the liposomes or bilayered structures
occurs spontaneously and does not require any form of
energy input or mechanical processing.

According to the present invention there is

20 provided a method of forming liposomes or bilayered
structures which comprises removing a proportion of
the organic liquid from a composition comprising:-

a) at least one bilayer forming lipid;
25 b) at least one volatile water-miscible organic
liquid;
and
c) a hydrophilic medium,

30 whereupon the composition spontaneously forms
liposomes or bilayered structures.
The present invention further provides a

composition comprising a uniform mixture of:-

35 a) at least one bilayer forming lipid;
b) at least one volatile water-miscible organic
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liquid;
and
c) a hydrophilic medium,

the lipid being present in an amount of from 0.1 to
5.0% by weight of the weight of component b),

and which, upon the removal of a proportion of
component b), spontaneously forms liposomes oOr

bilayered structures.
In a particularly preferred embodiment, the

composition is placed in contact with an external
biological surface, such as human or animal skin or
hair, the scalp, cuticles or the surface of a plant,
at the time that a proportion of the organic liquid
is removed. For example, the composition may be
sprayed, poured, applied with a finger or hand, or by
any other means, on to the biological surface or
substrate. It is to be appreciated, however, that in
principle the substrate may be any type of surface.
For example, the composition could be applied to a
sheet of plastic or any other surface to support a
film capable of mimicking a natural membrane.

The formation of liposomes OL bilayered
structures occurs spontaneously upon the removal of a
proportion of the organic liquid of component b) from
the composition. It will be appreciated that the
amount of organic liquid removed will depend to a
large extent upon the formulation of the specific
composition concerned, particularly the choice of
bilayer forming lipid or lipids, and the circumstances
of its use. The proportion of organic ligquid
removed/remaining can be defined as that which
produces the spontaneous formation of liposomes oOr
bilayered structures, and can be determined
accordingly. In some compositions it may be necessary

to remove a large amount of organic liquid to cause
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conversion to liposomes, while ‘other compositions may
already be on the threshold of conversion and require
the removal of a much smaller quantity of organic
liquid in order for liposomes to form on a substantial

5 scale. Typically, removal of from about 5% to
50% by weight of the organic liquid results in the
formation of large numbers of liposomes or bilayered
structures.

The removal of the organic liquid may be

10 effected by any means, such as conversion to esters or
other derivatives. Most conveniently, it occurs
through evaporation. In many instances, sufficient
evaporation will occur naturally at ambient
temperature. If desired, however, the process of

15 evaporation can be assisted or accelerated by a
current of air or other gas and/or by elevated
temperature. When the composition is applied to skin,
body heat and/or movement of the subject will promote
the evaporation of the organic liquid. At equilibrium

oo there should be sufficient water/moisture to maintain
the presence of the liposomes or bilayered structures.

The lipid component may comprise any bilayer

forming compounds, including natural, hydrogenated and
synthetic phospholipids, glycolipids, long chain

25 dialkyl dimethyl ammonium compounds, mono and dialkyl
polyoxyethylene derivatives and polyglycerol esters.
The lipid is typically present in an amount of from
0.1 to 5.0% by weight of the weight of the organic
liquid component, and more preferably from 1.0 to

30 5.0%. This level of lipid has the advantage of
producing a composition with a texture that is not too
sticky and also results in the formation of discrete
liposomes or bilayered structures. Higher proportions
of lipid, however, tend to result in the formation of

35 bilayered structures in a more tightly packed

arrangement (e.g. a film).
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In addition, the composition may also
contain other natural and synthetic lipids which
modify the melting point, phase transition temperature
and charge of the bilayered lipid. Advantageously,
though not necessarily, the lipid component comprises
a mixture of a neutral lipid (such as
phosphatidylcholine) and a charged lipid (such as
phosphatidic acid). Typically, the ratio of neutral
lipid to charged lipid should be within the range of
from 5:1 to 20:1. It has been found that the presence
of the charged lipid increases the number and improves
the quality of liposomes formed by the composition.

The composition also includes at least one
volatile water-miscible organic liquid and which may,
though need not necessarily, be a solvent for the
lipid component. Typically, the organic liquid is
present in the composition in an amount such that the
proportion by weight of the bilayer forming lipid to
said organic liquid is from 0.1 to 5.0%. Preferably,
the organic liquid has a higher vapour pressure (i.e.
a lower boiling point) than water. Where the
compositions of the invention are intended for
pharmaceutical use, the organic ligquid will usually
need to be non-toxic. Most preferably, it comprises
an aliphatic alcohol such as glycerol, propylene
glycol or, most particularly, ethanol. Isopropyl
alcohol, methanol, butanol and ethylene glycol may
also be used in appropriate circumstances.
Combinations of organic liquids, especially mixtures
of ethanol and glycerol or propylene glycol, may be
used. Although glycerol and propylene glycol
(particularly in combination with ethanol) may be
considered as a solvent for the lipid, they are also
appropriately hydrophilic solutions.

In this specification the hydrophilic medium

comprises water (which term is to be understood as
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covering any aqueous liquid containing buffers, salts
or dissolved compounds), glycerol, propylene glycol, a
polyethylene glycol, or a mixture of two or more
thereof. Preferably, it comprises a mixture of water
5 and glycerol or water and propylene glycol in
equal parts by weight. The hydrophilic medium is
initially present in the composition in an amount less
than that which causes the spontaneous formation of
liposomes or bilayered structures. Such a

10 composition, which may be referred to as a proliposome
or volatile proliposome composition, is normally clear
or translucent in appearance since it contains few
liposomes. Typically, the proportion of the lipid
component to the hydrophilic medium in the composition

15 will be within the range of from 1:1 to 1:40,
preferably from 1:2 to 1:20 and more preferably from
1:4 to 1:10. Depending upon the nature and
proportions of the other components present, the
composition could contain the hydrophilic medium in an

20 amount of up to about 70% by weight and still remain
clear or only slightly translucent. Some liposomes are
present in such compositions. More typically,
however, the hydrophilic medium will be present in an
amount of up to about 40% by weight.

25 In practice, a humectant may advantageously
be included to control evaporation of the hydrophilic
medium and ensure that there is some hydrophilic
medium present. Any material having humectant
properties could be used for this purpose and would be

30 employed in conventional amounts. Where the humectant
is a solid substance (for example, a sugar such as
sucrose, sorbitol or mannitol, or a polyol), it is
usually necessary for the hydrophilic medium to
include at least a proportion of water. Conveniently,

35 glycerol, propylene glycol and polyethylene glycols
can themselves be considered as humectants and no
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other humectant materials may be needed in
compositions containing these substances.

Surprisingly, the hydrophilic medium may be
composed entirely of glycerol, propylene glycol or a
polyethylene glycol, or a mixture of such maperials.
In a preferred embodiment, however, the hydrophilic
medium comprises a mixture of water and glycerocl or
water and propylene glycol. Most preferably, the
mixture contains equal amounts (i.e. 50% by weight) of
each component. It has also been found that the
presence of a proportion of glycerol and/or
propylene glycol in the hydrophilic medium improves
the stability of the composition. This ensures that
the preparation remains on a substrate as liposomes OI
bilayered structures.

The method and composition of this invention
will have uses in various fields, including
pharmaceutical preparations for topical
administration, diagnostic preparations, cosmetics and
toiletries, insecticides and horticultural
preparations and appliances. In such applications,
t+he composition may include one or more "biologically
active compounds" in solution or suspension. This
term is to be understood as including medicaments
(human and veterinary), anti-bacterial, anti-microbial
and anti-fungal agents, anti-inflammatory agents,
steroids, proteins, enzymes, hormones, vitamins,
marker compounds, plant and herbal extracts, essences,
pheromones and fragrances within its definition, but
is not restricted thereto. Other possible ingredients
would include preservatives and anti-oxidants to
extend the life of the product.

One particularly interesting area of use is
in cosmetics and toiletry preparations. The
composition would typically be sprayed or applied on
to the skin and, after a period of perhaps 15 to 30
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seconds, during which a proportion of the organic
liquid evaporates off, would spontaneously form
liposomes or bilayered structures on the surface of
the skin. A fragrance entrapped within the liposomes

5 on the skin’s surface would be released gradually over
a period of time, thus giving a "sustained felease"
perfume product. Application of fragrances in this
way should also reduce the problems of skin irritation
which can arise.

10 The composition of this invention may be
presented in a variety of different forms, including
as a gel or as a solid stick. The latter form is
particularly appropriate for deodorant/anti-perspirant
toiletry preparations.

15 | The present invention will now be further
illustrated by the following Examples.

20

25

30

35
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EXAMPLE 1

Method

Compositions according to the invention were

prepared as follows:-

Formulation (parts Dby weight)

Formulation Organic

Number Lipid liquid Water
1A 4 80 16
1B 4 80 16
2A 2 80 18
2B 2 80 18
3A 2 60 38
3B 2 60 38
42 2 40 58
4B 2 40 58

The lipid component consisted of either
Lipid A (Epikuron 180) or Lipid B (Epikuron 145) and
the compositions are jdentified accordingly, i.e. as
1A, 1B, 23, 2B, etc. The organic liquid was ethanol.

The compositions were prepared by initially
dissolving the lipid in ethanol followed by the
addition of distilled water (demineralised cr purified

water could also be used).
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Results

The compositions were placed in an uncovered
petri dish and held at é'temperature of 32°C in a
humid atmosphere. This temperature was chosgn'to
approximate skin temperature and facilitate the
evaporation process (but it is not in itself necessary
for the formation of liposomes).

Formulation 2A was initially clear,
indicating an absence of liposomes. After 1 hour, the
alcohol content had fallen to 67% but there was no
visible formation of liposomes. After 2 hours, the
alcohol content was down to 38% and a substantial
number of liposomes had formed (as shown in Figure 1).

Formulation 2B was initially clear,
indicating that no liposomes were present. After 1
hour, the alcohol content had fallen to 66% but no
liposomes were detectable. After 2 hours, the alcohol
content was 55% and a substantial number of liposomes
could be detected.

Similar studies with Formulations 1A and 1B,
3A and 3B and 4A and 4B also demonstrated that liposomes
were formed upon a reduction in the level of the organic
solvent present in the compositions.

Formulation 2 was repeated using Epikuron
200. Initially, the formulation was clear indicating
that no liposomes were present. After 1 hour, the
concentration of alcohol had dropped to approximately
68% with very little liposome formation. After 2
hours, the alcohol content dropped to 48% and a matrix
arrangement of bilayered structures was obtained.

In each of these formulations, after
approximately 3-4 hours a film was obtained
comprising collapsed liposomes or bilayered structures.
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EXAMPLE 2

Method

Compositions according to the invention were

prepared as follows:-

Formulation (parts by weight)

Formulation Organic Glycerol
Number Lipid liquid Water (Propyleneglycol)
5 2 (PC) 80 18 0
6 2(PC) 80 9 9
7 2 (PC) 80 0 (18)
8 2 (PC/PA) 80 18 0
9 2 (PC/PA) 80 9 9
10 2 (PC/PA) 80 0 (18)

In Formulations 5, 6 and 7, the lipid
component consisted of pure phosphatidylcholine (PC) .
In each of Formulations 8, 9 and 10, a mixture of 10
parts phosphatidylcholine to 1 part phosphatidic acid
(PA) was used. In all cases, the organic liquid was
ethanol.

The compositions were prepared by dissolving
the lipid in ethanol. The hydrophilic medium
consisting of water, water/glycerol or propylene
glycol was added to obtain the clear proliposome.
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_‘]3_
Results

The compositions were placed in an uncovered
petri dish and held at a temperature of 32°C in a
humid atmosphere for approximately 2-3 hours or until
large numbers of liposomes were formed. Reference is
directed to the accompanying drawings, in which:

- Figure 2 is a freeze-fracture electron
micrograph showing Formulation 5 (in which the
hydrophilic medium consists of water). A number of
liposomes and related bilayer structures have formed.

- Figure 3 is a freeze-fracture electron
micrograph showing Formulation 6 (in which the
hydrophilic medium consists of 50% water and 50%
glycerol). A large number of well-defined liposomes
are clearly visible.

- Figure 4 is a freeze-fracture electron
micrograph showing Formulation 7 (in which the
hydrophilic medium consists of propylene glycol
alone). Some liposomes have formed, but substantially
fewer than in Figure 3.

- Figure 5 is a freeze-fracture electron
micrograph showing Formulation 8 (in which the lipid
component is a mixture of PC and PA, while the
hydrophilic medium is water). Rather more liposomes
have formed than in Figure 2, illustrating the
advantageous effect of including a proportion of a
charged lipid (PA) in the composition.

- Fiqure 6 is a freeze-fracture electron
micrograph showing Formulation 9 (in which the lipid
component is a mixture of PC and PA, while the
hydrophilic medium contains 50% water and 50%
glycerol). A large number of well-formed liposomes
have been formed, illustrating the advantageous

effects of these features of a particularly preferred

composition of this invention.
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- Figure 7 is a freeze-fracture electron
micrograph showing Formulation 10 (in which the lipid
component is a mixture of PC and PA, while the
hydrophilic medium consists of propylene glycol
alone). Numerous distinct liposomes have formed.

The sequence resulting in liposome formation
is thought to be triggered by the loss of ethanol from
a typical system containing lipid/ethanol/water/
glycerol. The composition is normally clear, in which
case the lipid is in true molecular solution or in the
form of spherical micelles. It may also be a
translucent mixture containing micelles and bilayers,
depending on the amount of water/glycerol. LoOss of
ethanol from the system (e.g. by evaporation) leaves
behind a composition where the proportion of
water/glycerol increases. Progressively, more of the
lipid tends to reorganise into liposomes and bilayered
structures. A biologically active compound included in
the composition will be partitioned into the bilayers.
The inclusion of glycerol ensures that the external
phase does not dry out completely. It can be seen
from the electron micrographs that the majority of
liposomes formed by this method are discrete and in the
region of about 200nm. The method is extremely
efficient, gives high levels of entrapment and does

not require energy input.
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EXAMPLE 3
A composition according to the present

invention was prepared in the form of a gel from the
5 following materials. All parts are by weight.

joe

Lipid (Epikuron 180) 4
10 Ethanol 52.5
Distilled Water 36
Glycerol
Carbopol 940 0.5
15 The lipid was dissolved in ethanol at room

temperature. Carbopol 940 (carbopol is a trade mark)
was dissolved in water/glycerol and gelled with
triethanolamine at about pH7. Lipid-soluble compounds
may be dissolved in the ethanol/lipid solution, while

o9 water-soluble compounds may be dissolved in the
water/glycerol solution. Paraffins, volatile
silicones, oils, fats and waxes, provided that they do
not affect the stability of the liposomes, may be
dissolved/dispersed in the composition. The two

25 components were combined to form a proliposome gel.

In place of Carbopol 940, a gel-forming
material, other hydrocolloids (such as cellulose gums
or natural gums, e.g. xanthan gums) may be used.

It is envisaged that a composition of this

30 type containing a biologically active ingredient would
be particularly useful for cosmetic and pharmaceutical
applications. For example, inclusion of a drug such
as ibuprofen could provide a topical pain relief
formulation for sufferers of rheumatism in a form

35 which is easily applied to the affected areas of the
body. Furthermore, an active ingredient entrapped
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within the liposomes on the skin s surface would be
released gradually over a period of time and so

produce a sustained release effect.
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EXAMPLE 4

A composition according to the present
invention was prepared in the form of a solid stick
using the following materials. All parts are by
weight.

lo\"

Lipid (Epikuron 180) 4
Ethanol 74.5
Distilled Water 8
Propylene glycol 8
Lauric acid diethanolamide 1
Sodium stearate 4.5

The lipid was dissolved in 20 parts of
ethanol. Sodium stearate and lauric acid
diethanolamide were dissolved in the remaining ethanol
and propylene glycol at about 45°C in a closed vessel.
As in Example 3, various paraffins, volatile
silicones, oils, fats'and waxes may be included to
impart emolliency. The two solutions were combined
and water was added. The resultant solution was
maintained at 45°C and poured into moulds which
solidified upon cooling into sticks.

It is envisaged that a composition of this
type would be particularly useful as a deodorant/
anti-perspirant toiletry product for application to
the body. Furthermore, a fragrance entrapped within
the liposomes on the skin’s surface would be released
gradually over a period of time and so produce a

sustained release effect.
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EXAMPLE 5

A composition according to the present
jnvention was prepared using the following materials.

All parts are by weight.

3
Lipid (Epikuron 200SH) 3
Propylene glycol 20
Ethanol 77

The hydrogenated lipid was dissolved in the
ethanol at about 45°C. Propylene glycol was added to
obtain a homogeneous solutiomn. At room temperature,
the composition was somewhat turbid (indicating the
presence of some liposomes). However, large numbers
of liposomes were only formed upon evaporation of the

ethanol.
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EXAMPLE 6

A concentrate was prepared from the

following materials. All parts are by weight.

loe

Lipid (Epikuron 200) 15
Ethanol 10
Glycerol 75

This concentrate was then diluted (5 fold)
with 80g of a solution of 80% ethanol/20% water, so
as to produce a composition of the present invention

containing:-
3
Lipid 3
Glycerol 15
Ethanol 66
Water 16

A biologically active ingredient and
auxiliary emollients could be added at this stage and
the composition is then ready for use in the usual
manner. The active ingredient may be dissolved or
suspended.

It is envisaged that the compositions could
conveniently be manufactured, transported and stored
in the form of a concentrate and then diluted prior to

sale.
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CLAIMS °

1. A method of forming liposomes OI bilayered
structures which comprisés removing a proportion of
the organic liquid from a composition comprising:-

a) at least one bilayer forming lipid;

b) at least one volatile water-miscible organic
liquid;

and

c) a hydrophilic medium,

whereupon the composition spontaneously forms

liposomes or bilayered structures.

2. A method as claimed in claim 1, wherein the
hydrophilic medium comprises water, glycerol,

propylene glycol, a polyethylene glycol or a nixture of

two or more thereof.
3. A method as claimed in claim 1 or claim 2,

wherein the composition 1is placed in contact with a
biological surface.

4. A method as claimed in any of the preceding
claims, wherein the removal of the organic liquid occurs

through evaporation.

5. A method as claimed in any of the preceding
claims, wherein the lipid of component a) of the
composition is present in an amount of from 0.1 to
5.0% by weight of the weight of component D).

6. A method as claimed in any of the preceding
claims, wherein the proportion of component a) to
component c) in the composition is within the range of
from 1:1 to 1:40 parts by weight.

7. A method as claimed in any of the preceding
claims, wherein the composition also includes a

biologically active compound.
8. A composition comprising a uniform mixture
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of:-
a) at least one bilayer forming lipid;
b) at least one volatile water-miscible organic
5 liquid;
and
c) a hydrophilic medium,

the lipid being present in an amount of from 0.1 to
10 5.0% by weight of the weight of component Db),
and which, upon the removal of a proportion of
component b), spontaneously forms liposomes or
bilayered structures.
9. A composition as claimed in claim 8, wherein
15 the hydrophilic medium comprises water, glycerol,
propylene glycol, a polyethylene glycol or a mixture
of two dr more thereof.
10. A composition as claimed in claim 8 or claim
9, wherein the hydrophilic medium comprises a mixture
20 of water and glycerol or water and propylene glycol in
equal parts by weight.
11. A composition as claimed in any of claims 8
to 10, wherein the proportion of component a) to
component ¢) in the composition is within the range of
25 from 1:1 to 1:40 parts by weight.
12. A composition as claimed in any of claims 8
to 11, wherein component a) comprises a mixture of
neutral lipid and charged lipid.
13. A composition as claimed in any of claims 8
30 to 12, wherein the organic liquid is ethanol, methanol
or isopropyl alcohol.
14. A composition as claimed in any of claims 8
to 13, wherein there is also present a biologically
active compound.
35 15. A composition as claimed in claim 14, wherein

said biologically active compound comprises a
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(8]
o8]

fragrance.

16. A composition as claimed in any of claims 8
to 15, presented in the form of a gel or a solid stick.
17. A concentrate which forms a composition as
claimed in any of claims 8 to 16 upon dilution.

18. Liposomes or bilayered structures, or films

formed by the collapse of liposomes Or bilayered
structures, which have been formed by a method as
claimed in any one of claims 1 to 7 and/or from a
composition as claimed in any one of claims 8 to 16.
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