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ABSTRACT

The invention provided a method of enhancing the action of a
pharmaceutical agent selected from the group consisting of psycho
analeptics (antidepressants) , and for a formulation of such agents
characterised in that the agent is formulated with an administration medium
which is characterised in that it comprises a solution of nitrous oxide gas in a
pharmaceutically acceptable carrier solvent for the gas and which
administration medium includes at least one fatty acid or ester or other
suitable derivative thereof selected from the group consisting of oleic acid,
linoleic acid, alpha-linolenic acid, gamma-linolenic acid, arachidonic acid,
eicosapentaenoic acid [C20: 5w3], decosahexaenoic acid [C22: 6w3],
ricinoleic acid and derivatives thereof selected from the group consisting of
the C1 to C6 alkyl esters thereof, the glycerol-polyethylene glycol esters
thereof and the reaction product of hydrogenated natural oils composed
largely of ricinoleic acid based oils such as castor oil with ethylene oxide.
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ENHANCEMENT OF THE ACTION OF CENTRAL AND PERIPHERAL
NERVOUS SYSTEM AGENTS

FIELD OF THE INVENTION

This invention relates to pharmaceutical preparations (which expression is
herein intended to include veterinary preparations) for use in treating
afflictions of the animal body (which expression is herein intended to include
the human body) affecting the central and/or peripheral nervous system of
an animal in need of treatment.

BACKGROUND TO THE INVENTION

In EP 93912877.3 and US patent 5,633,284 and their equivalents the
applicant disclosed that dermatological or topical compositions comprising
the combination of nitrous oxide [N,O] and at least one fatty acid, or lower
alkyl ester thereof, in a dermatologically acceptable carrier medium, are
useful in the treatment of a variety of skin, muscle and joint disorders. It
further disclosed therein that such combinations may beneficially also include
additional active ingredients. The following active ingredients are specifically
mentioned in this regard: coal tar solution, collagen, nicotinamide, nicotinic
acid, lanolin, vitamin E, methyl salicylate, arnica and H1l-antagonist
antinistamines of which only diphenhydramine chloride is specifically
mentioned.

No agent known for having an effect on the central or peripheral nervous
system, was amongst the active ingredients specifically mentioned in these
patents. Mention was made therein that coal tar solution (also known as
Liquor Picis Carbonis) may be used as a supplementary active ingredient and
that the resultant preparation is suitable for use in the treatment, inter alia,
of psoriasis, eczemaceous conditions and dermatitis. It is also disclosed in
these patents that, in addition to the coal tar solution the composition may
also contain an Hl-antagonist antihistamine (e.g. diphenhydramine
hydrochloride) and that such a preparation may beneficially be used in the
treatment of atopic and allergic conditions manifesting in skin irritations such
as eczema and dermatitis. The aforementioned conditions have since the
date of the above patents come to be regarded by some writers on the topic
as manifestations in the skin of underlying disorders which have or include a
neurological, or immunological, or some even suggest a neuro-immunological
cause. These patents however do not refer to that explanation. It further
gives no hint that the effects obtained are the result of any form of systemic
operation of any of the components of the formulation. Coal tar liquid is not
known to be an agent acting on the central nervous system. Insofar as

these patents may be seen to proffer any explanation at all for the results -
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obtained, which is not what the applicant contends for, it is suggested that

such explanation would, within the context of the disclosures therein, point
to a local effect of soothing irritation and of repairing of skin and associated
tissue damage as a result of the conditions mentioned therein. These are
psoriasis, shingles, fever blisters, chicken pox, acne, chilblains, eczema,
chloasmas, alopecia, dermatitis, ringworm and burn wounds.

In WO97/17978 and US patent 6,221,377 and their corresponding
applications and patents the present applicant disclosed that the action of
analgesic, anti-inflammatory and anti-pyretic drugs may be enhanced by
administering such drugs in conjunction with a medium which comprises
nitrous oxide and at least one long chain fatty acid selected from the group
consisting of oleic acid, linoleic acid, alpha-linolenic acid, gamma linolenic
acid, arachidonic acid, and any of the C; to Cs alkyl esters of such long chain
fatty acids, mixtures of such acids and mixtures of such esters. The medium
may comprise the mixture known as Vitamin F Ethyl Ester and may optionally
further comprise eicosapentaenoic acid [C20:5w3] and decosahexaenoic acid
[C22:6w3]. |

While these applications do disclose a systemic effect in that the formulations
are, for example, topically applied or orally administered to have an effect,
say, in an affected joint or muscle, the specification again fails to disclose the
mode or route of transport of the active ingredient from its site of
administration to its locus of effect, and speculation in this regard would
probably be based on ex post facto hindsight.

It has now surprisingly been found that the aforesaid medium has the
unexpected property that it displays a remarkable ability to enhance the
action of known agents affecting the central and/or peripheral nervous
system, such known agents being other than the group which consists of
coal tar solution, H1 antagonist antihistamines, the analgesics, the anti-
inflammatories and the antipyretics. @ These agents will hereinafter
collectively be referred to as “CPNS agents” which term is for purposes of
this specification intended to embrace those biologically active compounds
which perform their action on the central or peripheral nervous system of the
human or animal body, but to exclude recognised anti-inflammatory,
analgesic and antipyretic substances and also excluding coal tar solution and
H1 agonist antihistamines. Subject to these exclusions it therefore includes
the compounds which fall within Class 1 of the Pharmacological Classification
set out as part of Regulation 5(1) of the General Regulations made under
The Medicines and Related Substances Control Act, Act 101 of 1965, and the
active ingredients of all products falling within Class 1 of the pharmacological
classification currently employed in the Monthly Index of Medical Specialities
("MIMS”) published by Times Media in South Africa, but excluding the
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analgesic, anti-inflammatory and anti-pyretic compounds which falls within
the above two partially overlapping classes. Examples of some of the
compounds falling within the group is described in greater detail below.

The exclusion of coal tar solution and H1l-antagonist antihistamines, and of
anti-inflammatories, analgesics and antipyretics from the ambit of the
present invention is introduced without thereby conceding that the
aforementioned patents and applications contain any disclosure of any CPNS
agent properties of such excluded compounds, or that such properties are
obvious in the light of the disclosures in such patents or applications. Such
inferences are specifically denied. The exclusion is introduced simply to avoid
what is anticipated to be a potential obstacle to the grant of a patent in
respect of a part of the subject matter which part in itself is not considered
worth contesting during examination as it might unduly delay the
implementation in practice of the significant features of the present
invention. It is expected that the remaining bulk of the subject matter of the
present invention will greatly contribute to the accessibility of medicines for
the treatment of a large range of ailments.

It has been pointed out in W0O97/17978 referred to above that nitrous oxide
IS @ natural gas which is also produced synthetically, that it is also known by
the trivial name "laughing gas", and that it has been in use for many years
as an inhalation anaesthetic and analgesic, particularly in dentistry.

It was further stated that nitrous oxide has been reported to have a
synergistic or potentiating effect on halothane and other gaseous
anaesthetics [See Goodman & Gilman's The Pharmacological Basis of
Therapeutics 8th Ed. 1990 pp. 298-300].

Since such known synergism or potentiation is based on the use of nitrous
oxide administered by inhalation, and since the use of nitrous oxide on its
own as an anaesthetic and anaigesic has likewise been in the form of an
inhalation agent, the use of nitrous oxide for all these purposes has been
confined to hospitalised patients or, at best, to treatments carried out by
medical practitioners in their consulting rooms, or treatments carried out by
or under supervision of a nurse in charge of a home-care patient.

Nitrous oxide is known to be soluble in water and it has been reported that
at 20°C and 2 atm pressure one litre of the gas dissolves in 1,5 litres of
water, see The Merck Index 10th Ed. p. 6499.

‘Nitrous oxide is also known for its use as a propellant gas, mainly as a

substitute for propellant gases such as chlorofluorocarbons, and more
particularly to produce a food product mousse such as whipped cream or
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chocolate mousse or quick-breaking foams for hair treatment preparations.

See in this regard U.K. Patent 1033299, U.K. Patent 1105919 and European
Patent Application EPA-0123827. None of these prior publications suggests
that the nitrous oxide gas plays any other role than a physical one, i.e. to
expand on being depressurised and thereby to create a mousse or a foam.
In fact it is typically regarded as an inert in these applications and useful due
to the fact that it is colourless, odourless and tasteless but soluble in water
and oils.

There appears to be no suggestion in the literature, other than the
applicant’s own prior patents and patent applications referred to above, that
aqueous solutions of nitrous oxide might have any effect on man or animals.
As far as the present inventors know it has also never been suggested that
nitrous oxide may be used in conjunction with the CPNS to enhance the
action of such agent or to serve as a carrier for such agent.

It is known in the pharmaceutical field to formulate active ingredients in so-
called liposomal formulations. Unlike the present invention which is based on
formulations containing long chain fatty acids and esters thereof the
liposomes are based on a clearly distinguishable group of compounds namely
the phospholipids, and generally aiso contain cholesterol as a stabilising
agent and may further contain lisolecithin. These compounds or classes form
no part of the present invention and, in case it is necessary to do so, are
specifically excluded from the group of long chain fatty acids and derivatives
thereof incorporated in the method or formulation of the invention.

OBJECT OF THE INVENTION

It is an object of the present invention to provide a method of enhancing the
action of pharmaceutical agents selected from the psycho analeptics
(antidepressants) and to provide pharmaceutical preparations of such agents
which preparations have enhanced action compared to the action of known
formulations containing the same agents.

STATEMENTS OF THE INVENTION

According to the present invention there is provided a method of enhancing
the action of a pharmaceutical agent selected from the psycho analeptics
(antidepressants), comprising the step of formulating the agent with an
administration medium which is characterised in that it comprises a solution
of nitrous oxide gas in a pharmaceutically acceptable carrier solvent for the
gas and which administration medium includes at least one fatty acid
selected from the group consisting of oleic acid, linoleic acid, alpha-linolenic
acid, gamma-linolenic acid, arachidonic acid, eicosapentaenoic acid [C20:
5w3], decosahexaenoic acid [C22: 6w3], ricinoleic acid or at least one
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derivative thereof selected from the group consisting of the C1 to C6 alkyl

esters thereof, the glycerol-polyethylene glycol esters thereof and the
reaction product of hydrogenated natural oils composed largely of ricinoleic
acid based oils such as castor oil with ethylene oxide.

According to a further aspect of the present invention there is provided a
pharmaceutical preparation comprising a pharmaceutical agent selected from
the psycho analeptics (antidepressants), comprising the step of formulating
the agent with an administration medium which is characterised in that it
comprises a solution of nitrous oxide gas in a pharmaceutically acceptable
carrier solvent for the gas and which administration medium includes at
least one fatty acid selected from the group consisting of oleic acid, linoleic
acid, alpha-linolenic acid, gamma-linolenic acid, arachidonic acid,
eicosapentaenoic acid [C20: 5w3], decosahexaenoic acid [C22: 6w3],
ricinoleic acid or at least one derivative thereof selected from the group
consisting of the C1 to C6 alkyl esters thereof, the glycerol-polyethylene
glycol esters thereof and the reaction product of hydrogenated natural oils
composed largely of ricinoleic acid based oils such as castor oil with ethylene
oxide.

The administration medium may further include eicosapentaenoic acid
[C20:5w3] and/or decosahexaenoic acid [C22:6w3] as additional long chain
fatty acids.

The carrier solvent for the nitrous oxide gas may be water or any of the
pharmaceutically acceptable alcohols, ethers, oils or polymers such as, for
example a polyethylene glycol. The oil may be organic or mineral oil. The
organic oil may be an essential oil based on long chain fatty acids having
between 14 and 22 carbon atoms in the fatty acid. The oil may also be of
either natural or synthetic origin and, if of natural origin, it may be either
plant oil or animal oil. As plant oils those rich in gamma linolenic acid [GLA]
are preferred and as animal oil dairy cream may be used.

In the preferred form of the invention the solution is an aqueous solution
saturated with nitrous oxide.

The water is preferably de-ionised water and free of microbes.

When the agent to be enhanced by means of the nitrous oxide is in a liquid
formulation, such formulation may incorporate as part of the administration
medium water or acceptable other liquid solvent into which the nitrous oxide
and fatty acid or ester thereof had been dissolved or suspended or emulsified
along with the agent to be enhanced by being formulated therewith. When
the formulation containing the agent to be enhanced by means of the nitrous
oxide is to be in a liquid (including an encapsulated liquid) presentation for
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oral administration or in a nasal or bronchial or pulmonary spray or in the
form of an injectable formulation, such formulation may incorporate, as part
of the administration medium, water or acceptable other liquid into which the
nitrous oxide is dissolved and in which the fatty acid or ester thereof is either
dissolved or suspended or emulsified along with the agent to be enhanced by
being formulated therewith. '

Likewise, where the agent is to be administered to the patient by being
applied as a topical, buccal or vaginal cream or ointment, or as a cutaneous
patch, or in the form of micro-depots, or as an intravenous, intramuscular or
subcutaneous injection, or as a suppository, the formulation used in making
up such cream, ointment, patch, depots or injectable formulation or
suppository may incorporate, along with the agent to be enhanced, a
quantity of water or other liquid containing, and preferably saturated with,
nitrous oxide, the long chain fatty acid or ester thereof and a agent
conjugated therewith, and, further, such additional excipients and carriers as

are conventionally used in the pharmaceutical trade in making up such
dosage forms.

The carrier solvent for the nitrous oxide gas may thus be essentially non-
aqueous and composed of the at least one fatty acid or ester thereof
selected from the group consisting of oleic acid, linoleic acid, alpha-linolenic
acid, gamma-linolenic acid, arachidonic acid, eicosapentaenoic acid [C20:
ow3], decosahexaenoic acid [C22: 6w3], ricinoleic acid and derivatives
thereof selected from the group consisting of the C1 to C6 alkyl esters
thereof, the glycerol-polyethylene glycol esters thereof and the reaction
product of hydrogenated natural oils composed largely of ricinoleic acid
based oils with ethylene oxide, required to be part of the formulation.

The essential fatty acid, or ester thereof, component of the composition
preferably comprises a mixture of esters of the fatty acids listed above.
Thus, in the most preferred form of the invention the fatty acid component
of the composition is constituted by the complex known as Vitamin F and in
this regard it is preferred to make use of the ester form of Vitamin F known
as Vitamin F Ethyl Ester. This product is commercially available under the
trade description of Vitamin F Ethyl Ester CLR 110 000 Sh.L. U./g from CLR
Chemicals Laboratorium Dr.Kurt Richter GmbH of Berlin, Germany. The
typical fatty acid distribution of this product is as follows:

< C|6 I 0

C15,0 . 8,3°/o
C13,o . 3 ,50/0
Cig1 21 7%

Cis2 . 34.8%
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C18,4 . 28,00/0
>C18 : 1,60/0
unknown: 2,1%

1t is further preferred to add to the formulation the long chain fatty acids

known as eicosapentaenoic acid [C20:5w3] and decosahexaenoic acid
[C22:6w3]. Such a product combination is available from Roche Lipid
Technology under the trade name "Ropufa '30' n-3 oil".

It has been found by microscopic studies that the formulation of active
agents with a medium as herein described gives rise to the formation of
minute, generally spherical bodies, in which the active ingredient is contained
in a stable form and from which it is delivered at the site of action.

The agent utilised in the method or formulation according to the present
invention may comprise any one or more of the vast spectrum of agents as
herein defined.

From amongst the agents falling within the scope of the
definition set out above this invention is particularly
concerned with the following psycho analeptics
(antidepressants): -
a. the Tricyclic Antidepressants being: Amitryptyline,
Amoxapine, Clomipramine, Desipramine, Doxepin,
Imipramine, Nortriptyline, Protriptyline,
Trimipramine,
b. the Monamine Oxidase Inhibitors being:
Isocarboxazid, Phenelzine, Tranylcypromine, and
c. Other Antidepressants being:
Burpopion, Fluoxetine, Fluvoxamine, Maprotiline, Mitrazapine,
Moclobemide, Nefazodone, Paroxetine, Setraline, Trazodone,
and Venlafaxine.

An agent of specific relevance in this application is doxepin hydrochloride.
Doxepin HCl is one of a class of psychotherapeutic agents known as
dibenzoxepin tricyclic compounds. Specifically, it is an isomeric mixture of 1-
Propanamine,3-dibenz[b,e]oxepin-1,1(6H)ylidene N,N-dimethyl-
hydrochloride. In oral formulation it is useful as an antidepressant to relieve
symptoms of depression and anxiety such as feelings of sadness,
worthlessness, or guilt; loss of interest in daily activities; changes in appetite;
tiredness; sleeping too much; insomnia, and thoughts of death or suicide.
Doxepin is also sometimes used to treat certain types of pain but it is not
generally regarded as an analgesic in the ordinary sense of the word and has
been described as one of a group of “adjuvant analgesics” along with other
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anti-depressants. In a topical formulation doxepin is known to be used as
an anti-pruritic to relieve itching in patients with certain types of eczema.
The applicant is unaware of any prior disclosure suggesting that doxepin may
beneficially be used in a topical administration form for alleviating pain.

The applicant found that a potent topical formulation may be prepared
according to the invention by formulating doxipen with the medium as
described.

It is accordingly an aspect of the present invention to provide a topical
formulation, used either as a lotion or a cutaneous patch as described above
in which doxepin is the active ingredient.

PRELIMINARY HYPOTHESES OF MECHANISM OF OPERATION

The mechanism by which the enhancement of action of CPNS drugs is
achieved by the present invention, is currently under investigation. Some
observations in this regard have been recorded above. In addition it is
recorded that preliminary observations point to some additional possible
explanations. The applicant again does not wish to be bound to any of the
tentative explanations it may put forward at this time. It is recorded,
however, that it would appear that the long chain fatty acids used in the
formulation of the preparation according to the invention, or at least some of
these components, form, during the manufacturing process of the medicinal
formulation, very small spherical bodies, hereinafter referred to as “nanolipid
vesicles”. These nanolipid vesicles have dynamic characteristics in respect of
the encapsulation and subsequent delivery of compounds at predicted
areas in cells and organisms where the optimal utilisation of these
compounds occur with resultant maximised modes of actions.

The present model for the understanding of the invention is that the dynamic
delivery characteristics of the nanolipid vesicles are utilised efficiently to
transport compounds to locations where maintenance of optimal
concentrations in the organisms or cells is beneficial in combating specific
Infective diseases. The cells in this application most probably concern
neurons. The long chain fatty acids may contribute to the maintenance of
the myelin sheath of the nervous system, being precursors of the
sphingomeilin molecules.

These beneficial effects are believed to be attributable to the dynamic
characteristics of the nanolipid vesicles. The current hypothesis is that these
characteristics include:

SR R I L SRR T N Sy S
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1. The structural characteristics of the formulation of the
preparation:

Nitrous oxide and the unsaturated long chain fatty acids forming part of

5 the administration medium are formulated by being mixed with
designated CPNS agents or compounds to form the nanolipid vesicles
containing the compound or CPNS agent. Two important observations
have been made in this regard:

10 a) It was found that when the unsaturated long chain fatty acids used
are 20 carbons or more, the nanolipid vesicles form spherical
structures with sub-compartments similar to those seen in a sponge.

These structures are stable and it is our belief that antibodies or other

15 ligands would fit ideally in these sub-compartments so that the
nanolipid vesicles bind to specific epitopes or receptors at the target
cell surface.

b) When unsaturated long chain fatty acids of 16 to 20 carbons are used,
20 the form of the nanolipid vesicles is spherical with a dynamic field of
moving autofluorescent particles surrounding the vesicles.

When nitrous oxide is omitted from the process the moving particles
surrounding the nanolipid vesicles move erratically and asymmetrical
25 movements are then detected.

It is believed that nitrous oxide is essential in stabilising the moving
autofluorescent particles surrounding the nanolipid- vesicles, which is
an essential characteristic to efficient compound delivery.
30
2. Stability:

The nanolipid vesicles appear to remain structurally intact after 24
months at room temperature. Any encapsulated active compounds

35 remain encapsulated during this time. This stability feature is believed to
be of substantial significance and one of the contributing factors for the
enhancement observed.

3. Absence of cytotoxicity:
40
The nanolipid vesicles have no apparent cytotoxicity. When applied to
cells in culture, at applicable concentrations they appear rather to have a
beneficial effect on normal cell growth.
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4. Targeting:
It has been observed that the nanolipid vesicles with unsaturated long
chain fatty acids of 16 to 20 carbons, when added to cells in culture,
concentrate around the mitochondria which are in the region of the
5 nuclear membrane. Nanolipid vesicles appear to display a natural
affinity towards mictochondria. Furthermore mitochondria contain a
specific transport mechanism for long chain fatty acids.

When the unsaturated fatty acids used are longer than 20 carbons, it

10 is thought that the nanolipid vesicles target peroxisomes. It is known
that peroxisomes metabolise fatty acids containing more than 20
carbons.

In in vivo applications, the biodisposition of nanolipid vesicle-

15 encapsulated compounds has been found to favour the liver and spleen.
Although the transport of normally readily diffusible compounds across
the blood brain barrier is inhibited by the nanolipid vesicles, the nanolipid
vesicles have been shown to deliver and release active compounds
through the blood brain barrier to a greater extent than current

20 commercial preparations, as will be shown for Bupicvicaine ( see
Example). The nanolipid vesicles may furthermore contribute to the
bioavailability of orally administered conjugations of an active compound
and the nanolipid vesicles, as was shown for antibiotic compounds, which
is the subject of a separate patent application. In addition, the nanolipid

25 vesicle may contribute to the protection or stabilization of the active
compound in the blood, especially in the case of peptides being used as
active compound, where the compound is prone to digestion by
proteases.

30 5. Mechanism of action:

5.1 Loading efficiency:

The high loading efficiency of nanolipid vesicles has been demonstrated
35 by achieving a high degree of encapsulation of a wide range of active

drugs.

5.2 Transport:

40 The nanolipid vesicles behave as a transport mechanism to carry
molecules such as active compounds.

5.3 Release:
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It has been shown that the nanolipid vesicles have very high delivery

efficiencies. The high delivery efficiency relates to tissue penetration, cell
adsorption, internalisation of nanolipid vesicles by cells, parasites and
bacteria, intra-cellular stability, and subsequent sub-cellular organelle
delivery.

The result of high delivery efficiency is the release of active compounds
not only at membrane sites, but also at intracellular sites including the
nucleus of viable cells or microorganisms. The result is an enhanced
efficacy of said active compound. The nanolipid vesicles and active
compound appear to act synergistically in attaining enhanced efficacy.

Confocal laser scanning microscopy (CLSM) shows that the conformation
of nanolipid vesicles can be changed while in movement.

When the vesicles move through membranes, the conformation changes
so that the intracellular nanolipid vesicles may have other morphological
characteristics.

While moving through membranes the nanolipid vesicles ‘feed” the
membranes with unsaturated long chain fatty acids which in its turn will
have a positive effect on membrane bound processes. This process has a
positive effect on the metabolism of the cell and thus the survival of the
cells.

7. Dynamic inter-lipid vesicle relationships:

It has been shown that vesicle inter-lipid relationships do exist. The lipid
vesicles can interchange the compounds they respectively carry.

They can also combine to resize themselves continuously without
detriment to their stability. The inter-lipid relationship is also revealed
when moving through the cellular membrane.

These interactive membrane characteristics make the movement of the
vesicles through the cells optimal.

Although inter-relationships of the dynamic nanolipid vesicles are
continuously present, it has also been shown that the particles are stable
in blood and body fluids for up to 5 hours.
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EXAMPLES OF THE INVENTION
Without thereby limiting the scope of the invention some examples will now
be described to illustrate the invention. Two preparations which do not form
part of the claimed subject matter of this application, being preparations first
disclosed in the applicant’s own prior patents referred to above, are first
restated.

PREPARATION 1
Preparing an aqueous nitrous oxide solution

A pressure vessel is charged to its operating volume with water at 20°C
[ambient temperature]. The vessel is connected to a supply of nitrous oxide
via a flow control valve and pressure requlator. The closed vessel is supplied
with nitrous oxide at a pressure of 2 bar for a period of 48 hours, it having
been determined that at the aforementioned temperature the water is
saturated with nitrous oxide over such period of time under the above-
mentioned pressure.

A resultant solution is bottled as stock solution for use in the formulations
and applications set out below.

PREPARATION 2
Preparation of an aqueous nitrous oxide/Vitamin F emulsion
30g Vitamin F ethyl ester as identified and described above was mixed with
10g chremaphor, 2,2g methyl paraben, 0,08g butyl hydroxyanisole, 0,239
butyl hydroxytoluene with stirring at 80°C.

Into 942,59 of the stock nitrous oxide solution was dissolved 2,5g sodium

propyl paraben and 2,59 Germall 115 [Imidurea] with stirring at room
temperature.

The oily composition first described was emulisified into the aqueous solution
with stirring to constitute a stock nitrous oxide/Vitamin F emuision. It is
herein referred to as the “nanolipid-vesicle” formulation.

Preparation 3
Injectable solution of active in an injectable solution, containing
nitrous oxide in carrier formulation.

The manufacturing process for producing an injectable formulation of an
active agent according to the invention will now be described with reference
to the manufacture of a medicament containing Bupivacaine as active
ingredient
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Preparation X was made up according to the following protocoi:

Step 1. Weigh off the 5469 of Bupivicaine HCl and add to the pot. Mix

thoroughly with N,O-saturated water until the active compound is
5 completely dissolved.

Step 2. Weigh off and add together the Poloxyl hydrogenated castor oil
1,023Kg, Vitamin F ethyl ester 3.012Kg, into mixing pot 2 and heat
to approximately 70°C until all the oil has melted.

10
Step 3. Weigh off and add the Methyl paraben 214g and the Butylated
hydroxytoluene 369 to mixing pot 2, in the respective order, while
‘continuously mixing ensuring each solid is dissolved before adding
the next while still maintaining the temperature at 70°C.
15

Step 4: Combine the contents of Step 1 and Step 3 whilst stirring during
addition and continue stirring until the phases are well and truly

mixed. Determine and adjust the pH to near physiological pH if
necessary.

20 Step 5: Sonicate and check vesicle size.
Step 6: Sterilise by filtration and pack into amber glass ampoules or vials.

Preparation 4
25  Preparation of a typical formulation having a non-aqueous soiution
of nitrous oxide in carrier formulation.

The manufacturing process for producing a non-aqueous formuiation of an

30 CPNS agent according to the invention is based on the principles and ratios
of ingredient described with reference to the manufacture of a medicament
containing for example Phenythoin Na as active ingredient

Preparation Y was made up based on the following protocol:
35
Step 1. Weigh of the applicable weight of Phenytoin Na for the purpose

required, i.e. age of patients, severity of condition. Reduce the particle
size to less than 60um.,

40 Step 2: Weigh off and add together the Poloxyl hydrogenated castor oil to
a final concentration of 11.5% (w/w) Vitamin F ethyl ester to a final
concentration of 23.5% (w/w) and Polyethylene glycol 400 to a final

concentration of 12% (w/w) into mixing pot 2 and heat to approximately
40°C until all the oil has melted. dl-a-Tocopherol may be added depending



20

30

40

oA S AR50 R A2 RSO AN 5 VATl B Y 1 e - et B A te o v om0 il W0 T A i IR

CA 02416650 2008-06-30

14

on the physico-chemical characteristics of the active compound, the rate of
release and period of release needed, Eicosapentaenoic acid and/or
decosahexaenoic acid may be added at this step.
Step 3. Gas the oil mixture with nitrous oxide for 3 hours at 2 bar in the
stainless steel pressure vessel in the manner described in Preparation 1
above.

Step 4: Transfer the gased mixture to mixing pot 1 and heat to
approximately 70°C .

Step 5. Weigh off and add the Methyl paraben to a final volume of 0.5%
and the Butylated hydroxytoluene 0.05% to mixing pot 1, while
continuously mixing ensuring each solid is dissolved before adding the next
while still maintaining the temperature at 70°C.

Stg.? 6: Remove from the heat and allow to cool down to approximately
40™ | '

Step 7: Add the required amount of Phenytoin Na stepwise while
continuously mixing.

Step 8: Gas the mixture from step 7 with nitrous oxide at 20kPa for 30
minutes with mixing until the mixture has reached room temperature.

The Phenytoin Na Preparation prepared as set out above was encapsulated
in soft gel capsules in the manner well known in the pharmaceutical trade as
oral capsules for use as described below.

EXAMPLE 1

PREPARATION OF TOPICAL FORMULATIONS OF DOXEPIN
HYDROCHLORIDE, LIDOCAINE HYDROCHLORIDE, AND

COPOLAMINE HYDROCHLORIDE IN THE NANOLIPID VESICLE
FORMULATION OF PREPARATION 2

(@) A 2% composition of doxepin in the nanolipid-vesicle composition of
Preparation 2 above was prepared by mixing doxepin hydrochloride with the
nanolipid vesicle formulation as described in Preparation 2 which had been
modified by the addition of Keltrol to render a thick creamy consistency, in a
mass/mass ratio of 2:98 with the aid of a high speed stirrer. The composition
IS designated DOXIPEX CREAM.

(b) In similar manner a 1.7307% composition of Lidocaine Hydrochloride was
prepared and designated LIDAREX LOTION.
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(c ) A 0.3% composition of Scopolamine HBR was also prepared in the same
manner and designated MZL Scopolamine.

(d) A 0.5 nasal spray composition of Oxymetazoline HCl was also prepared
in the same manner with some modification and designated Oxymetazoline
MZL.
(e) A 0.5% injection formulation of Bupivicaine HCl was further prepared in
the same manner but with some maodification and designated Bupivicaine
MZL.
EXAMPLE 2

STUDY TO INVESTIGATE THE RELEASE CHARACTERISTICS OF

THE FORMULATIONS PREPARED IN TERMS OF EXAMPLE 1

AGAINST COMMERCIAL PREPARATIONS

OBJECTIVE:

The scope of the study was to establish whether the Test active
agents viz.

Doxepin Hydrochloride,

Lidocaine Hydrochloride

Scopolamine Hydrobromide

Oxymetazoline HCl and

Bupivicaine HCI

1.

are released from the dosage forms prepared in accordance
with the invention as described in Example 1, and to determine
the extent and rate of such release. It was further done to
compare the rate of release of Doxipex to that of an FDA
approved 5% Doxepin Hydrochloride topical formulation which
IS commercially available in Canada where it is indicated for the
treatment of pruritis associated with eczema. That product is
herein referred to as DOXEPIN COM. The test further compares
the release of Lidocaine Hydrochloride from LIDAREX against a
commercially available Lidocaise Hydrochloride composition
herein referred to as LIDOCAINE COM . The test further
compared the release of the Oxymetazoline MZL to a
commercially available oxymetazoline nasal spray formulation
designated oxymetazoline Com. Finally the test compares the
release of the Bupivicaine MZL formulation with a commercially
available  Bupivicaine injection formulation designated
~ Bupivicaine Com.
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The applicability of the method used to test for release out of the dosage
forms is confirmed in Handbook of Dissolution Testing,
Dissolution Testing of Transdermal Delivery Systems, page 61.
The small receptor volume to be used, in this case 12 ml, is

5 confirmed in the same reference.
2. METHOD
The in vitro release from the dosage forms was determined by
10 a Hanson Model 57-6M, Manual Start-Up, Diffusion Cell Test
System available from Hanson Research with the following
main parts:
CELL DRIVE CONTROL
15 6-CELL DRIVE WITH CELLS
VERTICAL CELLS
3. ADDITIONAL EQUIPMENT USED
1. Diffusion cell assembly, including donor top and receptor
20 chamber (set of 6). The donor top includes a drug

dosage wafer (Teflon washer), an acrylic top plate, and
a clamp to connect top to bottom.
2. Pig skin, mucous membrane or Dura mater as
applicable, used within 24 hours from being slaughtered
25 kept in Ringer Solution between 2°C - 8°C,
3. Davies Gold Series Dermatome, Simplex GS 102.
4, Application squeegee and tweezers.
5 Drug dosage form.
6 Absorbent paper towels and tissues.
30
4. TECHNIQUE
The technique used included the following steps:
1. Obtain skin from pig heads (jawbone skin). Use
Dermatome according to the Operation standard
35 operating procedure for the Dermatome, setting it to
size the skin to a thickness of 0.33mm. The diameter of
the skin should be in excess of the drug dosage wafer
OR

40 For investigations using the active compound
Oxymethalzoline MZL nasal spray, obtain the nasal mucous
membrane of the pig in the following manner: the snout of
the pig is removed just below the eyes with a stainless
steel saw blade. The snout is cut in half between the



10

15

20

25

30

33

40

nostrils.

T NN s LA AT AR AR A 21 B A AN R A R AT, A SRR I S SRR T R PRS2 T TR C S R R e I,

CA 02416650 2008-06-30

17

The cartilage is then gently cut and the nasal passage opened.

The mucous membrane is carefully loosened and removed.
Mucous membrane cells of 2.5cm by 2.5 cm are cut. The
membrane thickness is monitored with a micrometer

OR

For investigations using the active compound Bupivicaine
MZL Injectable Solution, obtain the Dura mater (the tough
membrane forming the barrier between the brain and
cranium or blood) in the following manner: Open the
cranium with a stainless steel saw blade. Divide the brain in
half and remove carefully from the opened cranium without
disturbing the membrane. Loosen the membrane from the
cranium and measure the width of the membrane with a
micrometer. The thickness of the membrane should be
between 0.19 and 0.24 mm. Cut at least 6 cells of 2.5 by
2.5 cm of membrane.

Prepare receptor chamber of diffusion cells with slight
overflow of medium as specified in table below with

~ temperature controlled at 32°C.

2. Prepare each piece of skin, mucous membrane or Dura
mater with the relevant products one at a time as
follows:

2.1. Lift skin, mucous membrane or Dura mater with
tweezers, place on tissue and blot excess of
solution, invert and blot.

3.2 Place skin, mucous membrane or Dura mater in
centered position on drug dosage wafer.

3.3 3.3 Place relevant products on top of skin,
mucous membrane or Dura mater in dosage
wafer cavity.

3.4 Use squeegee to carefully smooth product over
membrane, filling entire cavity.

3.5 Wipe excess dosage off wafer..

3.6 Lift loaded dosage wafer with skin, mucous
membrane or Dura mater and place on top of
receptor cell with skin, mucous membrane or
Dura mater side towards cell medium. Exclude
bubbles during process. Place top plate on top of
donor cell assembly, pressing down with finger,

NP TR MR IR -
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squeezing out bubbles between top plate and dosage form. Apply clamp to

lock down top donor and bottom receptor halves
of diffusion cell.

5. OPERATION OF APPARATUS:
The apparatus must be set to 150 rpm. Samples of 150ul are
withdrawn with a micropipette at 10, 20, 30, 60, 90 and 120
minutes. The samples after being withdrawn are analysed for
the active compound by means of HPLC, using the parameter
indicated in table below for each of the different compounds.
[ Doxipex | Lidarex | Scopol- | Oxymetaz | Bupivicain
| And | And ' amine | oline  HCl| e MZL and
Doxepin | Lidocaine | MZL MZL and | Bupivicain
| | Com Com h Oxymetaz | e Com |
- 1olineHa
Injection 20pl 20yl 20ul 20l 120u
volume l I R B I
Column Zorbax Zorba Zorbax SB | Zorbax Zorbax
1 | C18 | C18 C18 C18 C18
15 cm 250mm x| 150mm x| 250mm x| 250mm X
1. 146mm [46mm_  [4.6mm _ |4.6mm |
Mobile Phase | 40% 0.2M | 50ml GAA | 70% 70% 65%
| ' NaH,PO4 | in 930 m | Phosphate | Phosphate | Acetonitril
buffer H,O at pH | buffer: buffer: e:  35% |
with 60% | 3.4 adj| 30% |30°/o ' Phosphate
| MeOH adj | with 1N | MeOH, MeOH, Buffer, pH
| pH to 2.5| NaOH pH2.5 pH3.5 | 7.7 |
with l
H;PO4
I R RN I N R
Receptor PH 6.8 | 40% PH6.8 PH 6.8 | PH 6.8
| chamber | phosphate | MeOH/ | phosphate | phosphate | phosphate
medium | buffer | 60% HO | buffer puffer | buffer |
' Detector HPLC at|HPLC at TT-IPLC at | HPLC at| HPLC at|
| 254nm_ 1254 nm 240 nm 280 nm 263 nm
| Temperature IAmbient Ambient | Ambient Ambient | Ambient
e ez @20 lerog  lezo |
Flow Rate 1.5ml/min t_&.Sml_[mmin 1.5mi/ min | 1 ml /min | 2ml/min
| Retention 3—-4min |5-6min |25 - 2.7]4.85-5.07|44 - 4.6]
Time I min min min
| Solvent 80% 0.2M | MeOH/ | KH,PO;,  [KH,POs [KH,PO, |
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‘ NaH,PO, Tso% H,O |buffer pH | buffer pH | buffer pH
buffer 6.8 6.8 6.8
with 20%
i | MeOH adj l | |
pH to 6.8
with 1N
- | NaOH R R R SR
Cells used 6 :t6 - 6 _T C i3 |
Time at 60 30 15 8 5
which total | | | |
release
determined |
R S R R R R R
6. RESULTS

The release experiment was performed in 6 cells for each
product and the mean release is reported for each analysis
point. The results were tabulated and graphically presented.
The results as a percentage of the active ingredient released
per label claim per cell at the different time intervals was also
tabulated.

Table 1 below gives a summary of the release rates and
percentage release per label claim for the products determined
according to calculations, reporting the mean values at 60
minutes (1 hour) for each of these compounds.

| Active Ag ent

Table 1. Release rates and percentage release per label
claim for products tested.

Doxipex

| Doxepin CEn_:n

Lidarex

Lidarex Com_
5o opolamine MZL | 0.3

Oxymetazoline
MZL

Com

Oxymethazollne

9% Active = |ReleaseRate | % @éase_ﬁerl
/product g/cm®/h abel claim
2.00 112.9951 10.7945
500 [456479 03190 |
~11.7307. 06954 10.0769
1.7307 05180 10.0573 |
T 2113 [0.63__
~10.5 0.35 0.0035
| . |
Io.s o33z 0.0031

I
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The Release Rate was calculated as follows:
1. ug Active Released at time (min.)
Asam x Mass Std x VolReceptor x Mass of Active Applied for Z cells x C
* Astd x Vol Std x Label Claim x Mass of Product Applied for 1 cell x Z x 100
WHERE:
Asam . =  Area of peak of sample solution
Astd =  Area of peak of standard solution
Mass Std = Mass of standard taken to prepare the standard
solution expressed in ug
Vol Std = Volume to which the standard solution is made

Vol Receptor

Label Claim
Mass of Product
Applied for 1 cell

Mass of Active
‘Applied for Z cells

@
|

CA 02416650 2008-06-30

up, expressed in mi

Volume of diffusion cells system receptor
chamber, expressed in mi

Amount of active present per 100g of product

Specific amount of product applied for a specific
cell

Amount of active applied in total for all Z cells
utilised per one study

potency of the standard, expressed as a percentage
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2. Accumulative Dose (ug) released / square cm at time (min)

ug Active Released
(Surface Area of Exposed Skin)

ug Active Released
1.767cm?

3. Release Rate

=  Accumulative Dose released uare cm
Time (hours) '

4. Percentage of Active Released at time (min.)

= Active Released x 100
ug Active Applied

It was established that

A. Doxipex Cream releases Doxepin hydrochloride 2.4754
times faster than the commercially available Doxepin Com
product;

B. Lidarex releases Lidocaine HCl 1.3425 times faster than the
commercially available Lidocaine Com product.

D. C. The release of Oxymetazoline HCLlI from the MZL

formulation compared well with that of the commercial
Oxymetazoline Com formulation, but both values were very
low, due to the thickness of the mucous membrane of the
pig. The human mucous membrane is much thinner and
release should accordingly be much higher in humans. The
release of Bupivicaine from the MZL formulation was
nevertheless shown to be 10.1% faster than that of the
commercially available Bupivicaine formulation after 5 min
and was about equal at all other times.

8. CONCLUSION

It is evident from the results obtained that the percentage active ingredient
released from the DOXIPEX CREAM is significantly higher than that of the
comparator Doxepin Com Cream. The release of Doxepin Hydrochloride
from both the products consequently results in the effective administration of
approximately the same quantity of active per dose although Doxipex
contains 2% m/m Doxepin Hydrochloride and Doxepin Com 5% m/m
Doxepin Hydrochloride in their respective formulations.
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A comparison of the release rates at 60 minutes indicate that the release of
Doxepin Hydrochloride from Doxipex Cream (2%) is at a rate 2.475 times
greater than that from Doxepin Com Cream (5%). The percentage of active
released from the formulation of the nanolipid vesicle formulation of
Preparation 2 for this specific time is also 2.47 times greater than for the
comparator.

Example 3

CLINICAL STUDIES:
Below is described three examples of the use of the Doxepin MZL
Formulation in three patients presenting with pain due to three different
clinical causes.

CASESTUDY1. USE OF DOXEPIN FORMULATION IN
MANAGEMENT OF LOWER BACK PAIN AND DEPRESSION

The doxepin in nanolipid formulation described above (DOXIPEX) was
administered to the lower back area of a post-menopausal Caucasian woman
suffering from manic depression associated with severe lower backache. Her
depression was at the time reasonably under control through the use of
PROZAC. She experienced substantial relief from the use of the formulation
of the invention and discontinued her use of PROZAC after about 6 months
on DOXIPEX. This is a most surprising result in view of the very low dose of
doxepin hydrochloride administered through the topical application of the
formulation of the invention.

CASE STUDY 2. USE OF DOXEPIN FORMULATION
MANAGEMENT OF PAIN IN REITER'S SYNDROME

IN

The doxepin in nanolipid formulation described above (DOXIPEX) was
administered to the affected limbs of an active post-menopausal Caucasian
woman diagnosed four years previously with Reiter's syndrome.

Clinical symptoms in volunteer:

Incapacitated and wasted right arm of the subject due to non-movement as
a result of pain in the limb. The arm was carried in a light cast.

Previous treatment of the subject:

The subject was using intramuscular and /or oral pain relievers and muscle
relaxants on a chronic basis since her diagnosis.

Dosage form and usage of the MZL doxipin formula:
MZL Doxipin was applied three times daily to the affected areas.
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Progress:

After one month of usage, the subject no longer needed the support of the
armcast. Muscle degeneration due to non-usage was reversed to some
extent.

After 4 months of usage, the subject moved and used the arm freely. The
wrist remained stiff.

CASE STUDY 3: USE OF DOXEPIN FORMULATION IN MANAGEMENT
OF SEVERE BACK PAIN IN A DEGENERATIVE THORACIC AND
VERTEBRAL CONDITION. ’

Subject: -

The subject was an 80 year old Caucasian male with severe back pain due to
degeneration of his vertebrae. He was nearly compietely immobilised by his
condition and seldom moved outside of his home. He was on chronic therapy
of intramuscular pain relievers and muscle relaxants.

Dosage form and usage of the MZL Doxepin formula:
In his case, synthetic polymer cutaneous patches were saturated with MZL
Doxepin Formulation and attached at night to areas where he experienced
extreme pain for prolonged release of the active compound.

Progress:

After a year of treatment, the subject was completely mobile. He stopped

taking medication for pain, either of commercial origin or the Doxepin
Formulation.

Example 4
DISSOLUTION STUDIES IN RESPECT OF FORMULATIONS MADE
ACCORDING TO THE INVENTION

Formulations of the active agents referred to below were prepared in the
manner described above and were subjected to dissolution tests (2 or 3
repeats as indicated below) performed in terms of the USP 24 procedure.
The following results were obtained.

__Product Limits . Results

| Carbamazipine MZL | NTL 75% in 30 min 123%, 112%, 114% {
suspension o o

. Carbamazipine Com | NTL 75% in 30 min | 111%, 112%, 112%
suspension

SGC

| Zolpidem Tartrate MZL | NTL 75%

' Zolpidem Tartrate Com | NTL 75%

92%, 98%, ND
102% 102%

= N e e e .
N e e S N RS e



S

CA 02416650 2008-06-30

24

Con et SN I e T 2 AR | G838 AL N AN A o WS S ARl um "&. wr. 9= o ‘&w\' 3 ;.(' A Jl‘m : W- - Y N?w. ) ?'}3,.7 o f'?.".-',':'*;.-""ﬁ a'.ﬁ\b?‘

 ——— T —r= . Tt ——

____ L —

-

e ———

ScC
| Propranolol MZL SGC

NTL 75% in 30 min

Propranolol Com SGC

| Phenythion Na MZL SGC

NTL 75% in 30 min__

106% 105% 107%

I_Ilr24°/o 126% 130% |

———— e}

NTL 85% in 30 min_

Phenythion Na Com SGC | NTL 85% in 30 min

3%, 46%, 46%

P—143°/? 147% 155% |
5

I

N

1

|

The advantages of the MZL formulations over the commercial formulations

are self-evident.

Many variations of the invention may be devised without thereby departing
from the spirit of the invention.

e ST TR A WIS B A T P
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A method of enhancing the action of a pharmaceutical agent selected
from the group consisting of psycho analeptics (antidepressants) |,
comprising the step of formulating the agent with an administration
medium which is a solution of nitrous oxide gas in a pharmaceutically
acceptable carrier solvent for the gas and which administration
medium includes at least one fatty acid selected from the group
consisting of oleic acid, linoleic acid, alpha-linolenic acid, gamma-
inolenic  acid, arachidonic acid, eicosapentaenocic  acid,
decosahexaenoic acid, ricinoleic acid or at least one derivative thereof
selected from the group consisting of the C1 to C6 alkyl esters
thereof, the glycerol-polyethylene glycol esters thereof and the
reaction product of hydrogenated natural oils composed largely of
ricinoleic acid based oils with ethylene oxide.

A pharmaceutical preparation characterised in that it comprises a
pharmaceutical agent selected from the psycho analeptics
(antidepressants) wherein the agent is formulated with an
administration medium which is characterised in that it comprises a
solution of nitrous oxide gas in a pharmaceutically acceptable carrier
solvent for the gas and which administration medium includes at least
one fatty acid selected from the group consisting of oleic acid, linoleic
acid, alpha-linolenic acid, gamma-linolenic acid, arachidonic acid,
eicosapentaenoic acid, decosahexaenoic acid, ricinoleic acid or at least
one derivative thereof selected from the group consisting of the C1 to
C6 alkyl esters thereof, the glycerol-polyethylene glycol esters thereof
and the reaction product of hydrogenated natural oils composed
largely of ricinoleic acid based oils with ethylene oxide.

The method of claim 1 or the preparation of claim 2 wherein the fatty
acid or ester thereof component of the composition comprises a
mixture of esters of the fatty acids.

The method of claim 1 or the preparation of claim 2 wherein the
mixture of the fatty acid esters is constituted by a complex known as
Vitamin F Ethyl Ester having a typical fatty acid distribution as follows:

< C|6: 0
Cis0: 8,3 %
C13,ol 3,5 %
C13‘1 : 21,7 %
Cigo : 34,8 %
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C18_4 . 28,0 %

10.

11.

> Cis: 1,6 %
unknown: 2,1 %.

The method or the preparation of claim 3 wherein the administration
medium  further includes  eicosapentaenoic acid and/or
decosahexaenoic acid as additional long chain fatty acids.

The method of claim 1 or the preparation of claim 2 wherein the
carrier solvent is water or any pharmaceutically acceptable alcohol,
ether, polymer or oil.

The method or the preparation of claim 6 wherein the carrier solvent
IS an organic oil.

The method or the preparation of claim 7 wherein the organic oil is an
essential oil based on long chain fatty acids having between 14 and 22
carbon atoms in the fatty acid.

The method or the preparation of claim 8 wherein the organic ail is a
plant oil rich in gamma linolenic acid [GLA].

The method of claim 1 or the preparation of claim 2 wherein the
agent is formulated in a liquid presentation and wherein the
formulation incorporate, as part of the administration medium, water
or acceptable other liquid solvent into which the nitrous oxide is
dissolved, and wherein the fatty acid or ester thereof is dissolved or
suspended or emulsified along with the agent.

The method of claim 1 or the preparation of claim 2 wherein the
agent is formulated to be applied as a topical, buccal or vaginal cream
or ointment or as a cutaneous patch, or as an intravenous,
intramuscular or subcutaneous injection, or as a suppository, and
wherein the formulation used in making up such cream, ointment,
injectable formulation or suppository incorporates, along with the
agent to be enhanced, a quantity of water containing nitrous oxide,
the long chain fatty acid or ester thereof and the agent formulated
therewith, and, optionally further incorporates such additional
excipients and carriers as are conventionally used in the
pharmaceutical trade in making up such dosage forms.
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12. A method of claim 1 or a composition of claim 2 wherein the
pharmaceutical agent is selected from the group consisting of the
following Psycho Analeptics (antidepressants):

d

the Tricyclic Antidepressants being: Amitryptyline, Amoxapine,
Clomipramine, Desipramine, Doxepin, Imipramine,
Nortriptyline, Protriptyline, Trimipramine,

the Monamine Oxidase Inhibitors being:

[socarboxazid, Phenelzine, Tranylcypromine, and

Other Antidepressants being:

Burpopion, Fluoxetine, Fluvoxamine, Maprotiline, Mitrazapine,

Moclobemide, Nefazodone, Paroxetine, Setraline, Trazodone,
and Venlafaxine.
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