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~ The mventton provides a composition for transdermal administration of a biologically active agent comprising said biolog-
“ically active agent and a pharmaceuttcally acceptable carrier wherein said biologically active agent is present at a concentration
above its solubility limit in said carrier at ambient conditions and wherein there are sufficient fine solid particles of said agent
dispersed through said carrier to substanttally facilitate the transdermal transfer of said composition. The invention also provides

| a method of preparation ot' such compositions.
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OMPOSITION FOR USE IN TRANSDERMAL ADMINISTRATION

The present invention relates to composition
incorporating biologically active agents and to methods of
preparing such compositions. The invention also provides
methods of treatment using such compositions.

It has been postulated that the efficacy of many
active agents would be increased if those agent could be
incorporated into a composition that 1s suitable for
topical application and subsequently be delievered
transdermally. It is believed that, for example, 1n the
case of anti-inflammation and analgesics, the efficacy of
the agent would increase because the agent 1s Dbeing
delivered directly to the site of the 1inflammation or
pailn. Furthermore, delivery of the agent by topical
application may avoid the undesirable side effects many
active agents have on the gastro-intestinal tract (e.g.
stomach Dbleeding, ulceration) and decrease loss of
activity caused by metabolic decomposition of the active
agent.

Australian patent application number 33006/89 by
Medvet Science Pty Ltd describes a topical
anti-inflammatory or anti-irraitant composition which
includes a zinc salt of one or more compounds selected
from unsaturated fatty acids, polyunsaturated fatty acids
and cyclic derivatives thereof andg Aspirin'™ in a
pharmaceutically acceptable vehicle. The zinc salts used
in this composition are described as being generally
crystalline solids or greasy pastes (depending upon the
degree of saturation) and should be stored at -70°C 1in a

CO2 or N. atmosphere for optimum stability.

2Suitable vehicles/carriers for the composition
described in AU-A-33006/895 include ethanol,
dimethylsulphoxide (DMSOQ) , 1sopropanol, glycerol,
propylene glycol, dimethylacetamide and mixtures thereof.
The compositions are formulated by dissolving or
dispersing the dry zinc salt in DMSO and subsegquently

diluting with glycerol. AU-A-33006/89 does not describe
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how the Aspirin’ is incorporated into the composition.

United States patent no. 4555524 by Gruber et al
describes a transdermal -medicament for the delivery of
2-(4-isobutylphenyl)-propionic acid (commonly known as
ibuprofen) to a patient. The medicament comprises a base
capable of dissolving ibuprofen, which base contains 30-50
parts by weight C._,, carboxylic acid triglyceride, 4-10
parts by weight glycerol monostearate - polyoxyethylene
stearate mixture and 2-10 parts by weight polyoxyethylene
fatty acid ester. According to Gruber et al, it 1s not
possible to prepare an 1ibuprofen cream by conventional
cream preparation methods because 1ibuprofen 1s only
sparingly soluble in water and <conventional media.
Previous attempts to produce an 1buprofen cream had-
resulted in a product in which the ibuprofen was present
in the form of fine, acicular crystals. Our tests on
current commercially available 1ibuprofen powder have shown
that the majority of the ibuprofen crystals 1n the powder
have a largest dimension of 60 microns or greater. 1f
these crystals are simply compounded with conventional
cream bases, it is 1likely that the particle size of the
ibuprofen crystals would remain substantially unaltered.
Gruber et al have attempted to overcome the problem by
using a fairly complex, non-conventional base that 1s
capable of dissolving 1ibuprofen.

A paper by Patel, U. and Banakar, U.V. entitled
"Comparative In-Vitro Dermatokinetics of Ibuprofen,"” 1I1
Farmaco, vol 45, no 5, 1990, pp 559-568, discussed the
formulation of a number of 1buprofen dermal systems.
Several ibuprofen ointments were prepared. However, Patel
and Banakar concluded that the formulation may not be able
to provide for an immediate effect/relief by releasing an
adequate amount at the desired site. Patel and Banakar do
not describe the method they use to produce the 1buprofen
ointments, but 1t appear that they simply mixed the
ibuprofen with conventional ointment bases.

Patel and Banakar suggest (at page 65) that
potentially higher dermal doses of IBP (Ibuprofen) could
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be achieved by using a water-in-oil system composition
(Cold Cream). However, the paper provides no evidence to
support this assertion.

United States patent no. 4511563 ¢to Schmolka
discloses analgesic gels that 1i1include 5-15 parts of an
analgesic compound, 10-40 parts of a non-ionic surfactant,
5-40 parts glvycerin and 40-70 parts water,. The
surfactants are essential to produce the required product
in the form of a gel.

United States patent no. 4665063 by Bar-Shalom
describes a method for treating skin disorders by applying
a composition comprising acetyl salicyclic acid and a
suitable carrier. The patent does not describe how the
compositions are manufactured; the only requirement being
that the acetyl salicyclic acid 1s dissolved 1in the
carrier.

Ascorbic acid 1is a Dbiologically active agent
which has properties which make the formulation of
composition for transdermal delivery extremely difficult.

Ascorbic acid 18 notoriously unstable and
although it is soluble in water its propensity to oxidise
in aqueous solution and/or degrade due to attack by water

itself make it desirable to minimise the use of water. On

the other hand, the solubility of ascorbic acid 1in
non-agueous solvents 1is relatively poor. Consequently
despite numerous attempts to produce stable compositions
for transdermal delivery concentrations of ascorbic acid
in commercially useful formulations have generally been
limited to less than 10% ascorbic acid.

U.S. Patent 4,983,382 and International Patent
Application. PCT/US90/01968 describe compositions

comprising higher concentration of ascorbic acid using
water and a co-solvent such as an alcohol or glycol.
However these inventions rely on presehce of water ¢to
solubilise sufficient ascorbic acid to provide an
effective composition.

Whilst there have been many formulations for the
transdermal delivery of biologically active agents 1n the
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past, 1n many cases, the properties of the biologically active
agents have been such that it has been difficult fto formulate
them in such a way as to give compositions which are stable and
are able to give an adequate and sustained rate of release of
5 agent to the body when applied directly to the skin.
In particular the degree of solubility in the carrier
has often be€en a limiting factor.
Applicants have now found that the rate of transdermal
delivery of biologically active compounds present 1n a carrier at
10 a level above their solubility limit in the carrlier, when applied
directly to the skin, can be increased and controlled by having
at least a substantial proportion of the active compounds present
in the carrier in the form of fine particles.
According to a first aspect of the invention there 1S
15 provided a transdermal composition in the form of a cream Or an
ointment for administration of a biologically active agent
comprising a biologically active agent and a pharmaceutically
acceptable carrier wherein said biologically active agent is
present at a concentration above its solubility limit in said
20 carrier at ambient conditions and wherein the biclogically active
agent 1s present in the form of fine solid particles dispersed
throughout the carrier and at least 60% of the solid particles

are silzed less than 20 microns.

As hereinafter used throughout this specification, the

25 term “biologically active agent” shall be taken to include
pharmaceuticals, therapeutic agents and prophylactic agents.

It will be appreciated that the composition may include a
single biologically active agent or two or more compatible
biologically active agents. It 1s therefore to be understood

30 that the term “biologically active agent” also encompasses two or
more biologically active agents.

Sald Dbiologically active agent will be present as a
saturated or super saturated solution in said carrier. However,

1t 1s particularly preferred that at least 60% by weight of the

35 particulate active agent will be present as
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fine particles 1in order to ensure a high rate of
transdermal delivery immediately after application.

Preferably, at -‘least 60% of the so0lid particles
of active agent are sized less than 20 microns. More
preferably, at least 30% of the solid particles are sized
less than 10 microns. Even more preferably, at least 60%
of the particles are sized 1less than 10 microns. In a
most preferred embodiment, at least 30%, even more
preferably at 1least 60% of the particles are sized less
than 5 microns.

The effective rate of transfer will be dependent
on the desired delivery rate and dosage required for the
particular biologically active agent concerned. However,
in many instances the compositions would be formulated 1in
such a way as to ensure that at 1least 30% of the
biologically active agent present in the composition would
be delivered transdermally within 150 hours, preferably 48
hours, more preferably 3 hours of direct application of
the composition to the skin.

It is even envisaged that there be a range of
preferred particle sizes to give a pre-planned dosage rate
over a defined period. A portion, for example, 5 to 80%
of the particles, may be extremely fine, for example less
than 5 microns, and preferably in the range of 2 ¢to 5
microns, in order to give a very high imediate range of
transdermal effect. A second portion of the particles
(for example 5 to 94%) may be of a 1larger size, for
example less than 20 microns and preferably in the range
of from 5 to 20 microns, and a third portion, say 5 to
40%, may be larger than 20 microns, to ensure an ongoining
slow increase of activity over a period. Alternatively, a
portion of the particles may be encapsulated in an outer
layer which 1is adapted to delay the activity of the
encapsulated particles until the outer layer dissolves or
is in some other way dissipated by any means such as
melting by body heat being dissolved by fluids on skin or
in a second component added before applcation etc.

The compositions may include stabillisers to
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maitain stability at normal storage temperatures,
particularly room temperature, or they may be formulated
in such a way as to ensure stability at such temperature.
In another aspect this invention comprises
formulating an active agent, preferably ibuprofen,

Aspirin™, Captopril™

or ascorbic acid, i1n a carier so as to
provide a saturated solution of the said active agent and
wherein at least 60% of the particulate active agent is
present in the form of solid particles sized less than 20
microns.

For the purposes of this specification the
particle size  of the particles was determined Dby
microscopic examination. It should be assumed that the
particles are of a constant thickness. The surface area
of each visible particle face should be determined, and
the particle size calculated by calculating the square
root of the visible surface area of each particle. This
value should then be taken to the average length of side
and hence size of that particle.

The biologically active agent wused 1n the
composition 1is advantageously a pharmaceutically active
agent. Examples of suitable pharmaceutically active
agents include Aspirin™, 2-(4-isobutylphenyl)-propionic
acid (ibuprofen), ascorbic acid and Captopril™. It will be
appreciated that the above list 1s not exhaustive and that
the invention also encompasses the use o0of pharmaceutically
active agents other than those specifically mentioned.

Other biologically active agent that may be
incorporated into the composition according to the present

invention include but are not limited to the following:
Anti-asthmatic agents, for example, theophyline;
Motion sickness agents, for example, scopolamine;

Dermatological disorder drugs, for example, retenoids,

antibiotics, mysteclin, minomycin;
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Opiates, for example, morphine, methadone and all pain
relieving compounds, such as codeine;

Narcotic agonists and antagonists, for example, naloxone;

Anticonvulsants, for example, phenytoin, carbamazepine.
(Absorption of such drugs by the gastro-intestinal tract
is frequently erratic);

Sedatives/hypnotics, for example, benzodiazepines;
Local anasthetics, for example, lidocaine;

Peptides, for example, growth factors, insulin;

Antiviral drugs, for example, AZT;
Contraceptives;
Calcium channel blockers, for example, nifedipine;

Anti-hypertensive drugs, for example, prazosin,
propranolol, guanethidine, clonidine; and

ACE inhibitors, for example, captopril.

Examples of pharmaceutically acceptable carriers
include those selected from the group consisting of water,
polyhydric alcohols including alkylene gycols,
(particularly propylene glycol) and glycerol; alcohols
such as ethancl and isopropanol; polyalkylene glycols such
as polyethylene glycol; other ointment bases such as
petroleum IJjelly, lanolin, dimethylformamide, ethylene
glycol, tetrahydrofurfuryl alcohol, cyclohexane,
cyclohexanone, acetone, ethylether, N-dodecylazocyclo-
heptan-2-one, methyldecylsulfoxide, dimethylacetamide and
diethylfoluamide; and mixtures thereof. '
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| the preferred carriers are inert 1liquids, that
1s, they do not undergoc any significant reaction with the
active agent.

It should be appreciated that the above list 1is
not exclusive as the present invention also encompasses

the use of pharmaceutically acceptable carriers other than
those specifically mentioned. Glycerol, propylene glycol
and polyethylene glycol are preferred and glycerol has
been found to be particularly useful. Where the active
agent is ascorbic acid then éreferably the carrier
contains little or no water and preferably contains less
than about 0.5% by weight water.

Compositions according to the present invention
have been found to be suitable for supplying or delivering
a biologically active agent for therapeutic and/or
prophylactic purposes in both human and veterinary
applications.

In one embodiment the invention involves use of
the hereinbefore defined composition in treatment of a
human or animal disorder.

Accordingly, in a further aspect, the invention
provides a method for delivering a biologically active
agent t:ansdermally to a body which comprises applying a
composition according to the invention to the skin of the
body. In a particular aspect the present invention
includes a method for the treatment and/or preventoin of a
disorder in a human or animal which comprises
administering an effective amount of a composition
described herein to the human or animal. |

' In a particularly preferred embodiment the
invention involves use of a composition as hereinbefore
defined in treatment of a localised inflammation wherein
said active agent 1s an anti-inflammatory such as
ibuprofen.

Compositions o0f the present 1invention have been
found to be particularly efficacious in delivering the
biologically active agent by transdermal migration
following topical application, and this 1s the preferred
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compositovins may also be administered orally or Dby
parenteral or subdermal deposition.

The present invention also includes methods for
producing the compositions described herein.

Accordingly, in yet a further aspect, the present
invention includes a method for producing a composition,
which composition comprises a pharmaceutically acceptable
carrier and a bilologically active agent, which method
comprises:

(a) dissolving an amount of said biologically active
agent in the pharmaceutically acceptable carrier
at an elevated temperature, said amount of
biologically active agent being in excess of the
solubility 1limit 1in the carrier at ambient
conditions; and

(b) cooling the mixture under conditions such that
sufficient of the particles of Dbiologically
active agent that form are sufficiently fine to
facilitate transdermal transfer of said
biologically active agent when said composition
is topically applied.

Preferably, any crystals of biologically active
agent that form are predominantly sized less than 20um.

The method of the present invention may be
carried out by heating the pharmaceutically acceptable
carrier to the desired temperature and then adding the
biologically active agent.

Alternatively, a mixture of the organic active
agent and the carrier may be produced at room temperature
and subsequently heated to dissolve substantially all of
the biologically active agent. Preferably, the mixture is
stirred whilst it is being heated.

The mixture may be heated by conventional means
or by microwave radiation, with microwave heating being
preferred.

In the case of ascorbic acid 1ibuprofen, aspirin
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and captopril the mixture may be heated to a temperature

in the range of from 60 to 170°C and more preferably 100
to 130°C.

For biologically active agents, in general the
minimum temperature required to obtain complete
dissolution of the particles is preferably used,
particularly in the case of active agents and/or carriers
which are liable to decompose at excessive temperatures.

It will be appreciated that the temperature
required to be used will vary according to the solubility
of the biologically active agent in the carrier and the
degradation temperature of the biologically active agent.

The cooling step of the present invention may be
used to control the particle size of any particles of
biologically active agent that form. The cooling step may
involve rapidly cooling the heated mixture to ambient or
below ambient temperature. This quick cooling (or “shock
cooling”) of the mixture can result in the formation of
small particles of biologically active agent., Large
particles generally do not grow because of rapid cooling
and resultant increase 1in viscosity 1largely prevents
diffusion of biologically active agent in solution to the
particles that may have nucleated.

Quick cooling may be achieved by placing the
mixture in an ice bath.

An alternative cooling step involves allowing the
mixture to slowly cool. This cooling method requires that
the mixture be wviscous. The high viscosity of the mixture
will largely' prevent diffusion or reduce the rate of
diffusion of dissolved biologically active agent to any
particles of bioldgically active agent that may nucleate.
The result is particles of biologically active agent that
are predominantly sized 1less than 20 micrometres. The
viscosity of the mixture may be increased by adding
viscosity modifying agents to the mixture. The
pharmaceutically acceptable carrier may constitute the
viscosity modifying agent. Exmaples of suitable viscosity

modifyvying agents include polyethylene glycol and ointments
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based thereon, petroleum jelly and paraffin wax.

In an alternative method, the composition of the
present invention is produced by heating the carrier and
the biologically active agent to melt or 1liquefy the
active agent.

The resulting liquid (or, in some cases,
immiscible 1liquids) are then stirred to effectively
disperse the molten active agent throughout the carrier.
The mixture is then cooled whilst maintaining stirring to
produce a composition according to the present invention.

Thus, it will be appreciated that the temperature
to which the mixture is heated will be governed by:

(1) the 1lowest temperature required to obtain a
liquid phase or liquid phases (whether by
dissolution of the active agent in the carrier or
by melting of the active agent), and

(11) the degradation temperature of the active agent
and/or carrier. ' |

Clearly, 1if the temperature required to produce
one or more liquid phases 1s above the degradation
temperature of either the active agent or the carrier,
another method of preparation will have to be used. For
example, parficles of biologically active agents in the
chosen sizes may be prepared, (for example by grinding)
and subsequently mixed with a pharmaceutically acceptable
carrier to produce a composition in accordance with the
invention. ‘ |

The 1invention will now be described with
reference to the following examples. It will  Dbe
appreciated that the invention 1s not 1limited to the
features described in the examples and that the examples
only illustrate the invention. 1In particular, it will be
realised that variations. in the temperatures used, the
amount of stirring, the relative amounts of active agent
to carrier composition, and 1in active agents used or
carrier or carrier compositions used will fall within the
scope of the invention.
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EXAMPLE 1

A composition containing ibuprofen was prepared
by adding 20.6g ibuprofen to a heated 130°C solution
consisting of 26.2 g glycerol, 21.6g propyvlene glycol and
2.5 polyethylene glycol (20000). The solution was
stirred at this temperature until it became clear and then
transferred into a vessel controlled at 4°C in which it
was stirred until a creamy paste formed. The paste was
allowed to remain at this low temperature for a further 15
minutes and then stirred again to form a wviscous paste.

The particle size of ' the 1ibuprofen crystallites
precipitated during the cooling and stirring of the above
formulation was compared with that of the unreacted
ibuprofen powder. The respective particle sizes were
determined by microscopic examination. It was assumed
that the crystals were of a constant thickness. The
surface area of each crystal was then determined, and the
particle size calculated by calculating the square root of
the measured surface area. This value was then taken to
be the length of side. The total area of the counted
particles was measured and the sum of the areas o0of the

different size ranges estimated as a percentage of the
total. The results were:

Table 1: Ibuprofen/Glycerol Composition of the
Present Invention

Size Range Percent of Particles 1ir. Size Range
<2um 0.35

2-5um 32.4

5=-10um a 42

10-15um - 23

These particle sizes are much smaller than the

particle sizes of ibuprofen in a commercially available
cream.
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EXAMPLE 2

This example demonstrates the preparation of a
composition containing Ibuprofen.

40 parts by weight of Ibuprofen is added to 93
parts by weight o0f propylene glycol heated to 130°C. 'I‘hé
solution was stirred until clear and then quickly cooled
under solidified carbon dioxide with stirring. This
produces a soft white paste.

EXAMPLE 3 |

20.6g of Ibuprofen was dissolved 1in 45 g
propylene glycol heated to between 120 to 130°C. A clear
solution was obtained. This solution was stirred while
cooling to obtain a creamy white formulation with small
(less than 10 microns) ibuprofen particles.

EXAMPLE 4

20.6 g Ibuprofen was dissolved in 55g propylene
glycol at 120°C. The resulting clear solution was added
to a jacketed container surrounded by water at 6°C. Upon
stirring, a creamy white formulation with small particles
(less than 10 microns) of ibuprofen was formed.

EXAMPLE 5
30g Ibuprofen was dissolved in a heated mixture

containing 40g propylene glycol and 30g glycerol. The
clear solution was allowed to cool and was shaken for 5

mnutes to give a creamy white material with particles of
ibuprofen less than 10 microns.

Part of this was reheated by microwave heating to
form a clear solution and the rapidly chilled to around 0
C. The thick clear gel was then stirred and again a white
cream formed with ibuprofen particles of 2-5 microns.

!

EXAMPLE 6

30g Ibuprofen was added to 70g glycerol heated to
120 C. The ibuprofen melted and formed an immiscible top
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layer. The mixture was stirred vigorously while cooling
to give a white cream. Small crystals of 1ibuprofen (less
than 5 microns) were present, but aggregates of the small
crystals were also formed.

The sample was ground by a mortar and pestle ¢to
remove the aggregates. The transdermal transfer of this
formulation was tested 1in @& Franz cell and compared
against a commercially available 1i1buprofen cream. After
22 hours, the compositon according to the example had
delivered 306 micrograms of the 1buprofen across the skin
membrane for the Franz cell. In the same time, the
commercially available 1buprofen cream delivered 170
microgroms 1ibuprofen.

Compositions of 1buprofen in glycerol, according
to the present invention, exhibit an abilty to alleviate
pain with topical application. The rebound of pain after '
about 3-4 hours 1indicates an analgesic effect resulting
possibly from the anti-inflammatory action of the
ibuprofen. The greater the concentration of 1ibuprofen
represented by the number of the very small crystallites
the greater the effect.

EXAMPLE 7

This example demonstrates the preparation of a
composition containing Aspirin™.

Add 21.7 parts by weight aspirin to a solution
containing 24.9 parts by weight glycerol, 20.6 parts by
weight propylene glycol and 5 parts by weight polyethylene
glycol (20000). The solution 1s kept at under 95°C and
stirred until all Aspirin™ is dissolved. The solution is
rapidly cooled, e.g. by quenching with dry 1ice, while
stirring. This produces a white paste which shows only a
slight salicylic acid reaction with 1“@:3+ solution (1.e.

the aspirin is not broken down to salicylic acid).

EXAMPLE 8

A composition containing ascorbaic acid was

prepared by the method of the 1nvention. 35.2g ascorbac
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acid was dissolved in a heated solution containing 43.2g
propylene glycol and 5g polyethylene glycol (20000) at
140°C. The solution was- cooled to about 100°C and then
rapidly cooled in a jacketed vessel to 4°C with stirring,
until the material became a very viscous cream. It was
bottled and a sample examined by optical microscopy. '

For comparative purposes, unformulated crystals
of commercially available ascorbic acid were examined. 1In
the simple mixing of the crystals with a carrier, it 1is
expected that the particle ‘size of the crystals would not
be markedly altered.

Both the comparative mixture and the composition
produced according to the invention were examined under a
microscope. The comparative mixture had ascorbic acid
crystals “that were approximately square shaped
(equidimensional). The ascorbic acid crystals of the
composition of the invention contained crystals of varied
shape, with equidimensional crystals being the most common.

The particle size of the crystals were determined
by microscopic examination. It was assumed that the
crystals were of a constant thickness, The surface area
of each crystal was then determined, and the particle size
calculated by calculating the square root of the measured
surface area. This value was then taken to be the 1length

of side. The total area of the counted particles was
measured and the sum of the areas of the different size
ranges estimated as a percentage of the total. The

results were:

Table 1: Ascorbic Acid - Carrier Composition
According to the Present Invention

Size range. | Percentage Particles in Size range
< 2um 12.7
2-5um 42 .5

5—10um 45.8
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Table 2: Unformulated  Ascorbic Acid: Comparative

Example

Size range. Percentage Particles in Size range
10-20um 0.36
20-50um 0.57
50-100um 2.7
>»100um 96

As can be seen by comparing the data in Tables 1
and ‘2, the composition of the present invention has
ascorbic acid particles with a fnuch smaller particle size
than that of the comparative example. '

Tests using radiocactive labelled ascorbic acid
have shown that the ascorbic acid, when formulated
according to the method of the present invention, 1is

capable of migrating transdermally and becoming
biologically available.

EXAMPLE 9

40g ascorbic acid was dissolved in 60g glycerol
heated to 130°C. The resultant pale yellow solution was
sitrred with cooling. As the temperature dropped the
mixture became a viscous opaque cream as small particles

- of ascorbic acid came out of solution.

The stirring was discontinued and the cream
allowed to stand at room temperature and became an
off-white waxy material.

EXAMPLE 10
Two compositions comprising ascorbic -acid and

glycerol were produced. Composition A was produced by
adding 3 parts ascorbic acid by weight to 7 parts glycerol
by weight. The mixture was heated to 120-130°C to
dissolve the ascorbic acid. The heated mixture was
gquenched by adding dry ice. Ascorbic acid 'particles
present 1in composition A were predominantly in the size
range of 2-10 microns.
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Composition B was prepared by mixing | C14
labelled ascorbic acid with unlabelled ascorbic acid. The
ascorbic acid was dissolved and recrystallised to ensure
adequate mixing of the labelled and unlabelled ascorbic
acid. The recrystallised ascorbic acid was Dbroken up on a
mortar and pestle and sieved through a nylon sieve.
Particles 1n the range of 50-100 microns were collected
and mixed with glycerol in a weight ratio of 3 to 7. No
attempt was made to heat this mixture.
~ Composition A was applied to two laboratory rats
and ascorbic acid 1levels in blood and uring were measured
over a six hour period and the mean of the two rats
determined at each time period.
The same tests were conducted on two other
laboratory rats using composition B. The results were

plotted to show the variation of ascorbic acid match and
are shown in the attached drawings.

In the drawings: |

Figure 1 1is a graph showing the wvariation of
ascorbic acid concentration in urine in the period of 6
hours of the topical application of composition A (size
2-10 microns) and composition B (50-100 microns).

Figure 2 1is a graph showing the wvariation of
blood plasma ascorbic acid concentration in the period of
5 hours of the topical application of composition A (size
2-10 microns) and composition B (50-100 microns).

Figure 3 is a graph showing the variation over 22
hours of ibuprofen and is referred to in Example 6. The
plot marked “FINE" indicates results in administration of
a formulation containing ibuprofen of particle size 5
micrometres. The plot marked “COARSE" 1indicates results
using an equivalent formulation in which the particles
were essentially greater than 50 micrometres.

EXAMPLE 11

35.2g ascorbic acid was added to a ternary
mixture containing 43.2g propylene glycol, 52.4g glycerol
and 5g polyethylene glycol heated to 140°C, The solution



WO 92/14442

10

15

20

25

30

35

PCT/AU92/000S58 -

- .-\‘

0103725

was cooled to about 1l00°C and then added to a jacketed
vessel cooled with water at 4 C. The solution was stirred
with a propeller stirrer until it became too viscous,
after which the stirrer was raised. The composition
adhering to the stirrer bladed showed some very small
crystals. The product was kept chilled in the jacketted:
vessel for 1.5 hours before storing at room temperature.

EXAMPT.E 12

40g ascorbic acid was dissolved in 80g heated
polypropylene glycol and this was then added to a cooled

jacketted vessel at 4°C. A whitish paste formed and was

shown to .consist predominantly of 2-5 micrometre sized
particles of ascorbic acid.

EXAMPLE 13

IBUPROFEN (BRUFEN)

A comparison of the transdermal permeation of
fine and coarse ibuprofen was made using skins from shaved
Hooded Wistar rats as membranes in 2 side-by-side Franz in
vitro cells. Reference Percutaneous absorption. On the
relevance of in vitro data. J. Investigatige Dermatology,
Vol 64, 1975, 190-195, T.J. FRANZ). Tritium 1labelled
ibuprofen was used. The fine particles (essentially < 5
microns) were formulated in glycerol; 3 part ibuprofen to
7 part glycerol w/w) according to the method of the
invention. The coarse material (essentially > 50 microns)
was mixed with glycerol in the same proportions.

Figure 3 shows that the wvariation over 22 hours
in the permeation of the two size ranges of ibuprofen
through the two skin sections following the application of
approximately equal amounts of the respective formulations
to similar areas.

EXAMPLE 14 |
Four anesthetized Hooded Wistar rats were fitted
with jugular and bladder catheters. The dorsal skin of

HOODED WISTAR RATS was shaved and a composition according
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to the present invention containing l1buprofen was
topically applied to the shaved skin. Plastic covers were
placed over the shaved area to prevent the animals
ingesting the applied composition.

The animals were placed 1in metabolism cages and
the urinary ibuprofin monitored.

The amount of 1ibuprofen detected 1in each of the
rats 1s shown 1n Figure 4.

The results show that the absorption of 1ibuprofen
has zero order kinetics with an extremely 1long half 1life
of from 80 to 100 hours and was still being excreted more
than 160 hours after topical application. In contrast,
oral and IV administered ibuprofen has a half life of the
order of 30 minutes.

EXAMPLE 15
A rat was anesthetized and clipped and shaved in

the dorsal area just below the neck. Labelled ibuprofen
in polypropylene glycol was applied to the shaved area.
The area of application was then covered witha plastic
cover. The amount of 1ibuprofen excreted in the urine was

determined and the results shown in Figure 5.

EXAMPLE 16
The method of Example 6 was repeated using 1‘IC
labelled ascorbic acid of corresponding particle sizes.
Figure 2 shows the variation over six hours 1in
permeation of the two size ranges of ascorbic acid through
the two skin sections following application of
approximately equal amounts of respective formulations to

similar areas.

EXAMPLE 17

A mixture containing 18.24g propylene glycol,
22.1g glycerol and 10.08g polyethylene glycol (20000) was
heated to 100 C. 10g ascorbic acid and 10g Aspirin™ were
added and stirred until dissolved. Dry 1ice was added to

the solution, which was stirred until cold. A white
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viscous cream was obtained.

EXAMPLE 18
Captopril™ was dissovled in heated glycerol and
cooled in the refrigerator. After cooling to 4 C, the

solution which was stirred and a white cream contining
particles sized predominantly less than 5 microns was

obtained.

EXAMPLE 1
A composition was prepared by adding 30g

ibuprofen to a heated mixture containing 40g propylene
glycol and 30g glycerol. The ibuprofen dissolved in the
propylene glycol. The solution was cooled slightly and
divided into two parts. One part was shaken by hand, the
other part was shaken by mixer. A white creamy material
formed in both. The machine shaken part had very small
particles of ibuprofen. The other sample was transferred
to a beaker and reheated to give a clear solution. The
beaker was placed in a sub-zero environment where the
solution became viscous but remained clear. The paste was
then stirred until a white creamy thin paste formed. This
contained very fine particles (essentially 1less than 5
microns). This composition was then compared to a
commercially available ibuprofen <cream 1n Franz cells
using rat skin pre-wetted with glycerol. The results from
the Franz cell are shown in Figure 6. As can be seen, the
composition according to the present invention 1s cleraly

superior to the commercially available crea.n.

EXAMPLE 20

A composition was prepared by adding 30g

ibuprofen to 70g heated glycerol. The 1ibuprofen melted

and formed a separate 1liquid 1layer on top of the

glycerol. The mixture was stirred and subjected to
ultrasonics while cooling. Some creamy material formed,
but this contained many hard aggregates. MiCroscopicC

examination showed that the un-agglomerated particles were
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small, A sub-sample was ground in a mortar until a
consistent, non-particulate cream was formed. 21.6mg of

this material was applied to the skin of a Franz cell.
44 .6mg of a commercially available ibuprofen cream was
applied to another Franz cell. The results are shown 1in
Figure 7. As can be seen, the commercially available
cream had an initially higher rate of transdermal release,
but there was a cross-over at about 15 hours, after which
the composition according to the present invention was
clearly superior.

Without wishing to be bound by theory, the
results of Examples 19 and 20 have led the inventors to
postulate that the transdermal transfer characteristics of
the 1inventive conditions may be improved when a carrier
that at 1least partially dissolves the biologically active
agent is used. Comparing the transdermal transfer
characteristics of the compositions of the invention from
Examples 19 and 20, it can be shown that the composition
of Example 19, which contained propylene glycol (in which
ibuprofen does' dissolve to a certain extent) and superior
transdermal transfer characteristics to the composition of
Example 20, which used glycerol as a carrier (ibuprofen
being substantially insoluble in glycerol). However, both

compositions showed transdermal transfer of the active
agent. ‘
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CLAIMS:

1. A transdermal composition 1in the form of a cream or an
ointment for administration of a biclogically active agent
comprising a bilologically active agent and a pharmaceutically
acceptable carrier wherein saild biologically active agent is
present at a concentration above its solubility limit in said
carrier at ambient conditions and wherein the biologically active
agent 1s present 1n the form of fine solid particles dispersed
throughout the carrier and at least 60% of the solid particles

are sized less than 20 microns.

2. A transdermal composition according to claim 1, wherein at
least 30% of the solid particles of active agent are sized less

than 10 microns.

3. A transdermal composition according to claim 1, wherein at

least 30% of the solid particles of active agent are sized less

than 5 microns.

4 . A transdermal composition according to claim 1, wherein at
least 60% of the solid particles of active agent are sized less

than 10 microns.

5. A transdermal composition according to claim 1, wherein at
least 60% of the solid particles of active agent are sized less

than 5 microns.

6 . A transdermal composition according to any one of claims 1
to 5, wherein said pharmaceutically acceptable carrier comprises
at least one liquid that does not undergo significant reaction

with the biologically active agent.

7. A transdermal composition according to any one of claims 1
to 6, wherein said pharmaceutically acceptable carrier is
selected from glycerol, propylene glycol, polypropylene glycol,
other polyvhydric alcohols, petroleum Jjelly, lanoline,
dimethylformamide, ethylene glycol, tetrahydrofurfuryl alcohol,

cyclohexane, cyclohexanone, acetone, ethylether,

-1 B et el s L R Y T L N L DT BT . .
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N-dodecylazocyclo- heptane-2-one, methyldecylsulfoxide,

dimethylacetamide and diethylfoluamide, and mixtures thereof.

8 . A transdermal composltion according to any one of claims 1
to 7, wherein the bilologically active agent 1s selected from
ascorbic acid, non-steroidal anti-inflammatory agents, anti-
asthmatic agents, motlon-sickness agents, drugs used i1in the
treatment of dermatological disorders, oplates or pain relieving
drugs, narcotic agonists, narcotic antagonists, anticonvulsants,

sedatives, hypnotic agents, local anaesthetics, growth factors,

insulin, streptokinase, peptides, anti-viral agents, AZT,
contraceptives, calcium channel Dblockers, anti-hypertensive
drugs, prazosin, propranolol, quanethidine, clonidine, ACE

inhibitors, and captopril.

9. A transdermal composition according to claim 8, wherein

sald biologically active agent 1s ascorbic acid and said ascorbic

acid 1s present 1n an amount of from 20 to 45% by weight of the
composition and the pharmaceutically acceptable carrier 1is
selected from glycerol, propylene glycol and polyethylene glycol

and mixtures thereof.

10. A transdermal composition according to claim 8, wherein
sald biologically active agent 1s a non-steroidal anti-
inflammatory agent selected from acetyl salicylic acid,
salicylates, 1ndomethacin, aryl and hetercaryl alkanoic acids,

ibuprofen, ketoprofen and flubiprofen.

11. A transdermal composition according to claim 10, wherein

sald composition further includes ascorbic acid.

12. A transdermal composition according to claim 10 or claim
11, wherein the biologically active agent is ibuprofen present in

an amount of from 15 to 35% by weight of the composition.

13. A transdermal composition according to claim 8, wherein

sald anti-asthmatic agent is theophylline.

14. A transdermal composition according to claim 8, wherein

sald motion-sickness agent is scopolamine.
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15. A transdermal composition according to claim 8, wherein
sald biologically active agent wused in the treatment of
dermatological disorders is selected from retenoids, mystedin and

minomycin.

16. A transdermal composition according to claim 8, wherein
sald opiate or pain relieving drug is selected from morphine,

methadone or codeilne.

17. A transdermal composition according to claim 8, wherein

sald biologically active agent is benzodiazepines.

18. A transdermal composition according to any one of claims 1
to 17, whereilin said composition includes two or more biologically

active agents.

12. A transdermal composition according to any one of claims 1
to 18, wherein said composition further comprises one or more of
a stabilizer, a dispersing agent, an emulsifier, a thickening

agent and other ointment bases.

20. A transdermal composition according to any one of claims 1
to 19, wherein the size of said particles is graded to ensure an
effective rate of transdermal release over an extended period of

time.

21. A transdermal composition according to claim 20, wherein

sald period is at least 3 hours.

22. A transdermal composition according to claim 20, wherein

sald period is at least 48 hours.

23. A transdermal composition according to claim 20, wherein

sald period is at least 150 hours.

24. A transdermal composition according to any one of claims 20
to 23, whereiln at least 30% of the biologically active agent is

delivered within said period.

2>. A transdermal composition according to any one of claims 1

to 24, wherein 5% to 80% of the particles are less than 5



10

15

20

25

CA 02103725 2001-04-19

_25.

microns, 5% to 94% of the particles are between 5 and 20 microns

and 1% to 40% of the particles are greater than 20 microns.

26. A method for producing a composition according to any one
of claims 1 to 25, said method comprising:

(a) dissolving an amount of said biologically active agent
in the pharmaceutically acceptable carrier at an elevated
temperature, said amount of biologically active agent being 1n
excess of the solubility 1limit 1in the carrier at ambilent
conditions; and

(b) cooling the mixture to produce particles of
biologically active agent that are sufficiently fine to
facilitate an effective rate of transdermal transfer of said
biologically active agent when said composition 1s topically

applied.

27. The use of a transdermal composition according to any one
of claims 1 to 25, for the prophylactic or therapeutic treatment
of a disorder in a patient suffering said disorder or 1liable to

suffer said disorder.

28. The use of a transdermal composition according to any one
of claims 1 to 25, for the prophylactic or therapeutic treatment
of a disorder 1in a patient suffering said disorder or liable to

suffer said disorder, suitable for topical administration.

29. The use according to claim 28, wherein said transdermal

composition 1s suitable for administration to an area of skin.

30. The use of a transdermal composition according to any one

of claims 1 to 25, suitable for topical administration to an area

of gskin for the treatment of inflammation.

31. The use according to claim 30, wherein the inflammation 1is

localized.
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