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METHOD FOR SOLUBILISING HYDROPHYLIC MATERIALS (E.G. PROTEINS) IN A HYDROPHOBIC SOLVENT

The present invention relates to a novel method of
solubilising a hydrophilic species, for example in a
protein, in a hydrophobic solvent in which it would not
normally be soluble.

There are many areas where it would be advantageous to
bring hydrophilic molecules, for instance proteins, into
association with a hydrophobic species, for example a
lipid phase. Advantages such as increased stability can
be conferred on hydrophilic molecules in a 1lipid
environment. In addition, transport of such hydrophilic
species across lipidic barriers, e.g. the skin, would be
facilitated.

Early proposals for using hydrophobic carriers for
protein delivery included the use of liposomes. Later
systems were non-liposomal, but still relied on the
provision of a hydrophilic phase which carried the
protein or other hydrophilic molecule, this hydrophilic
phase forming an emulsion with a hydrophobic phase.
Examples of such systems are disclosed in EP-A-0366277
and EP-A-0521994.

WO-A-95/13795 disclosed a system whereby it was possible
to obtain a true single-phase preparation where the
hydrophilic species was truly “"solubilised" in a
hydrophobic phase. In the methods disclosed therein, the
hydrophilic species is first associated with an
amphiphile in a liquid medium such that, in the liquid
medium, there is no chemical interaction between the
amphiphile and the hydrophilic species. The liquid
medium is then removed to leave an array of amphiphile
molecules and the hydrophilic species. Finally, adding

a hydrophobic solvent to the array results in a single



10

15

20

25

30

35

WO 97/34581 PCT/GB97/00749

2

phase preparation where the hydrophilic species is
solubilised in the hydrophobic solvent.

It has now surprisingly been found that it is possible to
produce a single-phase preparation of a hydrophilic
species in a hydrophobic solvent by a modified route
which is often faster.

Thus, in a first aspect, the present invention provides
a process for the preparation of a single phase
hydrophobic preparation comprising a hydrophilic species,

in a hydrophobic solvent, the process comprising:

(i) associating the hydrophilic species with an
amphiphile in the presence of a hydrophobic phase;
and

(1i) removing any hydrophilic solvent which is
present;
wherein the hydrophilic solvent removal step is carried
out under conditions which maintain the hydrophobic phase

in a solid state.

In a preferred embodiment the hydrophilic species and the
amphiphile are first dissolved in a hydrophilic solvent,
eg an aqueous solvent, often water alone, and this
solution is then brought into association with the
hydrophobic solvent. The hydrophilic solvent removal
step is conveniently achieved by 1lyophilisation, such
that it is carried out at temperatures which will ensure
that the hydrophobic solvent is maintained in the solid
state until all the water has been removed. Under certain
circumstances, the o0il may become liquid during
iyophilisation, as a result of local rises in temperature

in parts of the solid block (usually at the surface and
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edges) where all the hydrophilic solvent has already been
removed. Here the <cooling effect deriving from
sublimation of hydrophilic solvent no longer exists, and
in those areas the oil will melt. This situation will
lead to the production of a satisfactory end-product
providing that the oil is allowed to drain away from the
remainder of the solid block as soon as it appears (if
not, thenaccumulating oil will form a layer which
prevents further removal of hydrophilic solvent) .

Alternatively, the temperature during lyophilisation can
be maintained such that the o0il remains solid even after
the hydrophilic solvent has been driven off. In this case
following 1lyophilisation, the temperature of the
preparation is elevated to produce the single phase
preparation. This can often simply be achieved by
bringing the lyophilised preparation up to room
temperature which in turn will cause the hydrophobic
phase to return to the liquid state. Other methods for
removal of hydrophilic solvent may also be employed, eg
spray drying.

In the context of the present invention, the tefm
"hydrophilic species" relates to any species which is
generally soluble in hydrophilic solvents, eg aqueous
solvents, but insoluble in hydrophobic solvents. The
range of hydrophilic species of use in the present
invention is diverse, but hydrophilic macromolecules

represent an example of a species which may be used.

The method of the present invention provides a convenient
and relatively fast way of producing single phase
preparations as described. The speed of the process is
a particular advantage when one is concerned with the

stability of the oil, the hydrophilic species or both,
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particularly when the concentration of amphiphile 1is
high. Furthermore, lower ratios of amphiphile to
hydrophilic species can be achieved, e.g. as low as 7:1,
even when using , for instance, triglycerides as the
hydrophobic phase, which permit a higher loading capacity
for the preparations.

As mentioned above, in one preferred embodiment the
amphiphile is "presented" in the hydrophilic phase.
However, where appropriate, the amphiphile can first be
dissolved or dispersed in the oil. This is particularly
appropriate when using amphiphiles which do not disperse
well in water. A further advantage of the method of the
present invention 1is that it allows the wuse of
amphiphiles which do not lyophilise well, for instance
ones which are 1liquid at temperatures at which

lyophilisation is normally carried out.

A wide variety of macromolecules is suitable for use in
the present invention. In general, the macromolecular
compound will be hydrophilic or will at least have
hydrophilic regions since there is wusually little
difficulty in solubilising a hydrophobic macromolecule in
oily solutions. Examples of suitable macromolecules
include proteins and glycoproteins, oligo and polynucleic
acids, for example DNA and RNA, polysaccharides and
supramolecular assemblies of any of these including, in
some cases, whole cells or organelles. It may also be
convenient to co-solubilise a complex of a small molecule
such as a vitamin in association with a macromolecule,
for example a polysaccharide such as a cyclodextrin.
Small molecules such as vitamin B12 may also be
chemically conjugated with macromolecules and may thus be

included in the compositions.
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Examples of particular proteins which may be successfully
solubilised by the method of the present invention
include insulin, calcitonin, haemoglobin, cytochrome C,
horseradish peroxidase, aprotinin, mushroom tyrosinase,
erythropoietin, somatotropin, growth hormone, growth
hormone releasing factor, galanin, urokinase, Factor IX,
tissue plasminogen activator, superoxide dismutase,
catalase, peroxidase, ferritin, interferon, Factor VIII,
microbial toxins, peptide and protein antigens and
fragments thereof (all of the above proteins can be from
any suitable source). Other macromolecules may be used
are FITC-labelled dextran and RNA extract from Torulla

yeast.

It seems that there is no upper limit of molecular weight
for the macromolecular compound since dextran having a
molecular weight of about 1,000,000 can easily be
solubilised by the process of the present invention.

In addition to macromolecules, the process of the present
invention is of use in solubilising smaller organic
molecules. Examples of small organic molecules include
glucose, carboxyfluorescin and many pharmaceutical
agents, for example anti-cancer agents, but, of course,
the process could equally be applied to other small
organic molecules, for example vitamins or
pharmaceutically or biologically active agents. In
addition, compounds such as calcium chloride and sodium
phosphate can also be solubilised using this process.
Indeed, the present invention would be particularly
advantageous for pharmaceutically and biologically active
agents since the use of non aqueous solutions may enable
the route by which the molecule enters the body to be

varied, for example to increase bioavailability.
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Another type of species which may be included in the
hydrophobic compositions of the invention is an inorganic
material such as a small inorganic molecule or a
colloidal substance, for example a colloidal metal. The
process of the present invention enables some of the
properties of a colloidal metal such as colloidal gold,
palladium, platinum or rhodium, to be retained even in
hydrophobic solvents in which the particles would, under
normal circumstances, aggregate. This could be
particularly useful for catalysis of reactions carried
out in organic solvents.

There are numerous amphiphiles which may be used in the
present invention and zwitterionic amphiphiles such as
phospholipids are among those which have been found to be
especially suitable. Phospholipids having a phosphatidyl
choline head group have been used with particular success
and examples of such phospholipids include phosphatidyl
choline (PC) itself, lyso-phosphatidyl choline (lyso-PC),
sphingomyelin, derivatives of any of these, for example
hexadecylphosphocholine or amphiphilic polymers
containing phosphoryl choline. In the present
application, the terms phosphatidyl choline (PC) and'
lecithin are used interchangeably. Suitable natural
lecithins may be derived from any convenient source, for
example egg and, in particular, soya. In most cases, it
is preferable to select an amphiphile which is chemically
similar to the chosen hydrophobic solvent and this is

discussed in greater detail below.

The hydrophobic solvent of choice will depend on the
purpose for which the composition is intended, on the
type of species to be solubilised and on the amphiphile.
Suitable solvents include long chain fatty acids with

unsaturated fatty acids such as oleic and linoleic acids
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being preferred, alcohols, particularly medium chain
alcohols such as octanol and branched long chain alcohols
such as phytol, monoglycerides such as glycerol
monooleate (GMO) , diglycerides and triglycerides,
particularly medium chain triglycerides and mixtures
thereof.

Optimum results are generally obtained when the
hydrophobic solvent and the amphiphile are appropriately
matched. For example, with a solvent such as oleic acid,
lyso-PC is a more suitable choice of amphiphile than PC,
whereas the converse is true when the hydrophobic solvent
is a triglyceride.

Alternatively, in the case of hydrophobic solvents with
amphiphilic properies (eg free fatty acids such as oleic
acid, which can ionise in the presence of a base to form
sodium oleate}, inclusion of an additional amphiphile may
be unnecessary if a proportion of the solvent molecules
are converted to the amphiphile form prior to or during
the mixing process. In particular, the base used is a
volatile base such as triethylamine. This approach ig
particularly successful when solubilising calcitonin or

insulin.

Thus, in a second aspect the present invention provides
a process for the preparation of a single phase
hydrophobic preparation comprising a hydrophilic species,
in a hydrophobic solvent, the process comprising:

(1) associating the hydrophilic species with
a base in the presence of a hydrophobic phase;

and

(ii) removing any hydrophilic solvent which
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is present;

wherein the hydrophobic phase is one with hydrophobic
properties and wherein the hydrophilic solvent removal
step is carried out under conditions which maintain the
hydrophobic phase in a solid state. As discussed above,
preferably the base ia volatile base such as
triethylamine. Suitable hydrophobic solvents include
medium and long chain fatty acids examples of which
include oleic acid and linoleic acid. This method is
particularly wuseful for solubilising calcitonin or
insulin.

One advantage of the preparations of the present
invention is that they are essentially anhydrous and
therefore stable to hydrolysis. They are also stable to
freeze-thawing and have greater stability at high
temperatures, probably because water must be present in
order for the protein to unfold and become denatured.
This means that they may be expected to have a much
longer shelf 1life than aqueous preparations of the
hydrophilic species.

The solutions provided using the methods of the invention
are extremely versatile and have many applications. They
may either be used alone or they may be combined with an
aqueous phase to form an emulsion or similar two phase
composition which forms yet a further aspect of the

invention.

One way in which the compositions produced using the
methods of the invention may be used is for the oral
delivery to mammals, including man, of substances which
would not, under normal circumstances, be soluble in

lipophilic solvents. This may be of use for the delivery
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of dietary supplements such as vitamins or for the
delivery of biologically active substances, particularly
proteins or glycoproteins, including insulin and growth

hormones.

In a further application, it is possible to encapsulate
or microencapsulate, for example by the method described
above, nutrients such as vitamins which can then be used,
not only as human food supplements but also in
agriculture and agquaculture, one example of the latter
being in the production of a food stuff for the culture

of larval shrimps.

In addition, the compositions find application in the
preparation of pharmaceutical or other formulations for
parenteral administration, as well as formulations for
topical or ophthalmic use. For this application, it is
often preferable to use an emulsion of the oil solution

and an aqueous phase as described above.

Many therapeutic and prophylactic treatments are intended
for sustained or delayed release or involve a two
component system, for example including a component for
immediate release together with a component for delayed
or sustained release. Because of their high stability,
the preparations of the invention are particularly useful
for the formulation of a macromolecule intended for

sustained or delayed release.

The longer shelf life of the compositions produced by the
methods disclosed herein is a particular advantage in the

pharmaceutical area.

The hydrophile-in-oil preparations may find application

in the pharmaceutical or similar industries for flavour
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masking. This is a particular problem in the
pharmaceutical industry since many drugs have unpleasant
flavours and are thus unpopular with patients, especially
children.

A further use is in the cosmetics industry where, again,
hydrophobic preparations of hydrophilic compounds can
very easily be incorporated into a cosmetic formulation.
Examples of macromolecules which may be used in this way
include those with moisturising or enzymatic action of
some sort. The invention can also be used for the
incorporation of proteins such as collagen into
dermatological creams and lotions.

Thus, in a third aspect, the present invention provides
the use of a process of the invention in the preparation
of a pharmaceutical, cosmetic, nutrient, foodstuff or
food supplement composition. In particular, when the
processes of the invention are used in the preparation of
a pharmaceutical composition, it will be one for topical,
oral or opthalmic use.

Finally, the invention has numerous uses in the field of
chemical and biological synthesis, for example, non-

aqueous enzymatic synthesis.

Preferred features of each aspect of the invention are as

for each other aspect mutatis mutandis.

The invention will now be further described with
reference to the following examples, which should not be

construed as being in any way limiting.
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EXAMPLE 1
(1) 20 mg of aprotinin was dissolved in 1 ml of
distilled water.
(ii) 1 g of Soya PC was dissolved in 9 ml of Miglyol
818 to give a concentration of PC in M818 close to 100
mg/ml.
(iii) Three B1l0 glass-screw capped vials were prepared

containing the following quantities of the two solutions
described above. The contents were mixed well.

A B C
Distilled water 600 ul 600 ul 600 ul
Aprotinin (20 mg/ml) 125 ul 63 ul 0 ul
M818/PC (9:1) 1 ml 1 ml 1 ml
PC (wt in mg) 100 100 100
Aprotinin (wt in mg) 2.5 1.25 0
(iv) The vials were then frozen in liquid N2 and

lyophilised at temperature of -45°C for two days.

{(v) After lyophilisation, the contents of the vials
were brought to room temperature upon which clear or

slightly opalescent oils were obtained.

(vi) The optical densities of 200 ul samples were
measured at 600 nm, using the sample C (containing no
aprotinin) as a blank.

A B C

Aprotinin concentration
in oil (mg/ml) 2.5 1.25 0

ODgo0 0.330 0.096 0.00
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In parallel experiments, 2.5 mg of aprotinin added to oil
alone gives an optical density of >1.0, indicating that
in this example solubilisation had occurred in both

samples A & B as a result of the procedure adopted.

EXAMPLE 2

(1) 80 mg of aprotinin was dissolved in 4 ml of
distilled water.

(ii) 100 mg of salicylic acid was dissolved in 10 ml of
Miglyol 818.

(iii) Soya phosphatidyl choline was dispersed in
distilled water by probe ultrasonication at a

concentration of 250 mg/ml.

(iv) The solutions prepared above were dispersed into
Bl0 glass screw-capped vials as in the table below:

A B c D E A’ B’ cr D’ E’

Aprotinin (20 mg/ml) 0 250 375 500 750 0 250 350 500 750
Distilled water 600 350 - - - 600 350 - - -
PC (250 mg/ml) 400 400 400 400 400 400 400 400 400 400
MB818 1 1 1 1 1 - - - - -
MB18 + salicylic

acid - - - - - 1 1 1 101
Aprotinin {(mg) 0 5 7.5 10 15 0 s 7.5 10 15
(v) The mixtures were all vortexed for ten seconds,

frozen in liquid nitrogen and lyophilised for two days at
-45°C.

(vi) After lyophilisation, the tubes were warmed at 37°C

for fifteen minutes.
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(vii) Clarity or otherwise of the solution was assessed
by measurement of the optical density of the oils at 600
nm.

5 Results are given in the table below.
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A B C D E
Aprotinin (mg/ml) 0 5 7.5 10 15
M818 alone 0.009 0.191 0.566 0.390 1.576
M818 + salicylic
acid 0.000 0.006 0.000 0.012 0.021

The results show that effective solubilisation of protein
in the oil can be achieved, particularly in the presence
of facilitating agents such as salicylic acid (described
in International patent application no. PCT/GB95/02891),
using the procedure described here.

EXAMPLE 3
(1) Disperse into each of three glass 7ml vials 1ml of
salmon calcitonin solution in distilled water at a

concentration of 1lmg/ml.

(2) To one vial from (1), labelled "A", add dropwise,
with vortexing, 0.4ml of oleic acid. Freeze the

dispersion immediately in liquid nitrogen.

(3) To one vial from (1), labelled "B", add 5ul of
glacial acetic acid, then add dropwise, with vortexing,
0.4ml of oleic acid. Freeze the dispersion immediately in
liquid nitrogen.

(4) To one vial from (1), 1labelled "C", add 5ul of
triethylamine, then add dropwise, with vortexing, 0.4ml
of oleic acid. Freeze the dipersion immediately in liquid

nitrogen.

(5) Lyophilise all the vials overnight in a lyophiliser

with a shelf temperature of +4°C.
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(6) The following day, warm the vials to obtain all the
oils in a liquid state, and measure the optical density

of each oil at 600nm.

5 RESULTS
A B c
ODj0mm 0.096 0.096 0.005

A clear solution is obtained

10
EXAMPLE 4
(1) Into a glass 7ml vial was dispensed 1mg bovine
insulin and 1ml of distilled water was added.

15 (2) 5ul of triethylamine was added to the vial from (1),
then , dropwise, with vortexing, was added 0.4ml of oleic
acid. The dispersion was frozen immediately in liquid

nitrogen.

20 (3) The vial was lyophilised overnight in a lyophiliser
with a shelf temperature of +4°C.

(4) The following day, the vial was warmed to obtain the
0il in a liquid state, in which insulin is dissolved as
25 a clear sclution in an identical fashionn to that

described with calcitonin in example 3 above.
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CLAIMS:

1. A process for the preparation of a single phase
hydrophobic preparation comprising a hydrophilic species,
in a hydrophobic solvent, the process comprising:

(1) associating the hydrophilic species with an
amphiphile in the presence of a hydrophobic phase;
and

{(ii) removing any hydrophilic solvent which is
present;

wherein the hydrophilic solvent removal step is carried
out under conditions which maintain the hydrophobic phase
in a solid state.

2. A process as claimed in claim 1 wherein the
hydrophilic species and the amphiphile are first
dissolved in a hydrophilic solvent and this solution is
then brought into association with the hydrophobic phase.

3. A process as claimed in claim 1 wherein the
amphiphile 1is dissolved or otherwise brought into
association with the hydrophobic phase before the
hydrophobic phase is brought into association with the

hydrophilic species.

4. A process as claimed in any one of claims 1 to 3
wherein the hydrophilic solvent removal step is achieved
using lyophilistion.

5. A process as claimed in any one of claims 1 to 3
wherein the hydrophilic species comprises a

macromolecule, a small organic or inorganic molecule or
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a colloidal substance.

6. A process as claimed in claim 5 wherein the
macromolecule comprises a protein, glycoprotein, oligo-
or polynucleic acid, polysaccharide or supramolecular

assembly thereof.

7. A process as claimed in claim 6 wherein the protein
is insulin, calcitonin, haemoglobin, cytochrome C,
horseradish peroxidase, aprotinin, mushroom tyrosinase,
erythropoietin, somatotropin, growth hormone, growth
hormone releasing factor, galanin, urokinase, Factor IX,
tissue plasminogen activator, superoxide dismutase,
catalase, peroxidase, ferritin, interferon, Factor VIII,
microbial toxins, peptide and protein antigens or

fragments thereof.

8. A process as claimed in any one of claims 1 to 7
wherein the amphiphile is a phospholipid.

9. A process as claimed in claim 8 wherein the

phospholipid has a phosphatidyl choline head group.

10. A process as claimed in claim 9 wherein the
phospheolipid is phosphatidyl choline (PC), lyso-
phosphatidyl choline (lyso-PC), sphingomyelin, a

derivative of one of the above such as hexadecyl
phosphocholine or an amphiphile polymer containing
phosphoryl choline.

11. A process as claimed in any one of claims 1 to 10
wherein the hydrophobic phase comprises a long chain
fatty acid, a medium chain alcohol, a branched long chain

alcohol, a monoglyceride or medium chain triglyceride.
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12. A process as claimed in any one of claims 1 to 11
wherein the amphiphile comprises PC and the hydrophobic
phase 1is a triglyceride or wherein the amphiphile
comprises lyso-PC and the hydrophobic phase is oleic
acid.

13. A process as claimed in any one of claims 2 to 12
wherein the hydophilic solvent is an agueous solvent,
preferably water.

14. A process for the preparation of a single phase
hydrophobic preparation comprising a hydrophilic species,

in a hydrophobic solvent, the process comprising:

(1) associating the hydrophilic species with
a base in the presence of a hydrophobic phase;
and

(ii) removing any hydrophilic solvent which

is present;

wherein the hydrophobic phase is one with hydrophobic
properties and wherein the hydrophilic solvent removai
step is carried out under conditions which maintain the
hydrophobic phase in a solid state.

15. A process as claimed in claim 14 wherein the base is
a volatile base.

16. A process as claimed in claim 15 wherein the base is
triethylamine.

17. A process as claimed in any one of claims 14 to 16
wherein the hydrophobic solvent is a medium or long chain

fatty acids or mixtures of one or other of these.
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18. A process as claimed in any one of claims 14 to 17
modified by any one or more of the features of claims 4
to 7.

19. A process as claimed in any one of claims 14 to 18

wherein the hydrophilic species is calcitonin.

20. A process as claimed in any one of claims 14 to 18

wherein the hydrophilic species is insulin.

21. The use of a process as defined in any one of claims
1 to 20 in the preparation of a pharmaceutical, cosmetic,

nutrient, foodstuff or food supplement composition.

22. The use as claimed in claim 21 wherein the
pharmaceutical composition is for topical, oral or

opthalmic use.
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