-1 A carrier comprising one or more di and/or mono-(electron transfer agent) phosphate derivatives
or complexes thereof Field 5 The invention relates to a carrier for use in administering biologically
active compounds and formulations containing biologically active compounds and the carrier. The
carrier assists in improving the efficacy, transport and delivery of the biologically 10 active
compounds, in particular pharmaceuticals including costhetic agents. Background In this specification
where a document, act or 15 item of knowledge is referred to or discussed, this reference or
discussion is not ancttripsiondbapthis finguidest, Get Aoitemd¥ kaewsetgenohany ed@btrdan
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knowledge; or 20 known to be Tele to an attempt to solve any proble
specification is concerned. The major objective in pharmaceutical delivery is to obtain an appropriate
biological effect & Bedekired site of action. The choice of formulation can be critical 25 to the efficacy

of a pharmageutical since the bigactivjty of.a pharmaceutical will be syb-optjmal ifit doesnot pgssess
the correct physiochemical properties to allow release from the formulation at the tar(g]% site of action.
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10 active compounds, 1in particular pharmaceuticals including

cosmetic agents.

Background
In this specification where a document, act or
15 item of knowledge is referred to or discussed, this
reference or discussion is not an admission that the
document, act or item of knowledge or any combination
thereof was at the priority date, publicly available,
known to the public, part of common general knowledge; or
20 known to be relevant to an attempt to solve any problem
with which this specification is concerned.

The major objective in pharmaceutical delivery is
to obtain an appropriate biological effect at a desired
site of action. The choice of formulation can be critical

25 to the efficacy of a pharmaceutical since the biocactivity
of a pharmaceutical will be sub-optimal if it does not
possess the correct physiochemical properties to allow
release from the formulation at the target site of action.

Enteral delivery involves administering the

30 pharmaceutical via the GI tract where the pharmaceutical
is absorbed and distributed via the bloodstream to the
target site of action. For example, pharmaceuticals
delivered orally are absorbed through the intestine.

The chemical environment of the GI tract is also

35 important to external ©pharmaceutical delivery. The
pharmaceutical must be in a form which 1is stable at the
different pH of the various parts of the GI tract. If the



different pH of the various parts of the Gl tract. If the - 2 pharmaceutical forms a non-absorbable
complex or is degraded chemically or enzymatically then this will decrease absorption. The
pharmaceutical must also be in solution in the Gl fluids to be absorbed. Sedimentation 5 of the
pharmaceutical involves the pharmaceutical forming solid particles and thus leaving the solution.
Adsorption onto luminal solid particles involves solids-adsorbing the pharmaceutical; that is, removing
the pharmaceutical from solution. Both sedimentation and adsorption decrease 10 absorption of the

pharmaceutical. brany €ases cdegradationandcomplexatinbednbe ircumyented, orat least
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10 absorption of the pharmaceutical. In many cases,
degradation and complexation can be circumvented, or at
least minimized, by chemical or formulation approaches so
that they do not present a limitation to pharmaceutical
uptake.

15 Further, if a pharmaceutical is absorbed through
the intestinal or stomach wall, it then must pass through
the liver. The liver 1is designed to eliminate foreign
compounds from the body. As a result, a significant
proportion of the pharmaceutical (for example, 40-50%) may

20 be metabolised and excreted Dbefore it reaches the
bloodstream. It is possible to reduce the effect of the
liver on enteral administration by having the

pharmaceutical absorbed through the 1lining of the mouth

(bucchal / sublingual) or the 1lining of the rectum
25 (suppositories), however these <routes are not always
appropriate.

Attempts to improve the Dbioavailability of
enterally administered pharmaceuticals involve either the
formation of prodrugs, for example morphine sulphate, or

30 the use of excipients which improve absorption.

Topical delivery involves administering the
pharmaceutical to a membrane of the body where the
pharmaceutical is absorbed and distributed. For example,
pharmaceuticals delivered transdermally are absorbed

35 through the skin.
The skin is the largest organ of the body, which

functions to protect the internal organs from external



pharmaceuticals delivered transdermally are absorbed 35 through the skin. The skin is the largest
organ of the body, which functions to protect the internal organs from external - 3 chemical, physical
and pathological hazards. Normal skin is divided into three layers: the epidermis, the dermis, and
subcutaneous tissue. The outer cornified layer of the epidermis, the stratum corneum, possesses
properties of 5 strength, flexibility, high electrical impedafce and dryness that retards penetration and
proliferation of micro-organisms. The stratum corneum is also the principle barrier to transdermal
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10 which is considered to be a barrier to all aqueous based
pharmaceutical formulations.

When travelling through the skin, a diffusing
pharmaceutical molecule has three potential routes of
entry to the deeper skin layers: the intercellular route,

15 the transcellular route, and the transappendageal route.
While shunt diffusion of electrolytes and large molecules
through appendages may be significant, the relatively
small area available for transport (0.1% of skin surface)
means this route has a negligible contribution to steady

20 state pharmaceutical flux. The main route for the
permeation of the majority of molecules is commonly
believed to be the intercellular route, and hence many
enhancing techniques are aimed at disrupting the strong
“brick and mortar” construction of the strata corneum.

25 Current theories regarding the transport route point to
two possible mechanisms: (i) passive transcellular and
(ii) intracellular epidermal transport.

Pharmaceuticals are topically applied to the skin
in a number of ways including ointments, patches,

30 solutions, subcutaneous depots, poultices, plasters and
transdermal delivery devices.

Interest in transdermal pharmaceutical delivery
may be increasing but some fundamental limitations
restrict broader application of the technology. The main

35 limitation to the use of transdermal delivery is the rate

of transport of the pharmaceutical through the skin.



transdermal delivery devices. Interest in transdermal pharmaceutical delivery may be increasing but
some fundamental limitations restrict broader application of the technology. The main 35 limitation to
the use of transdermal delivery is the rate of transport of the pharmaceutical through the skin. - 4 Not
every pharmaceutical can be administered transdermally at a rate sufficiently high enough to achieve
blood levels that are therapeutically beneficial for systerflicmedication. Pharmaceuticals with similar 5
molecular weights and sizes for example may absorb across the skin at different rates. Fentanyl for

example permeates the skin at-molsra2/hr compared-to,ephedrine-at, 208 ang/sazihr; The Jarge

size of a transdermal de iveg&/ system required for fentan Ivaould therefore he pleither 10 practical nor
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local irritatibf. THereddeamy istsaid teconomical despite the advantages of the
administration route.

Skin enhancers and various formulation techniques
have been developed to improve pharmaceutical absorption
through the skin. Skin enhancers can include compounds

15 like capric acid, oleic acid, azone, decylmethyl sulfoxide
and hydroxy cinnamates that typically function to modify
structure especially of the stratum corneum by dissolving
the lipid matrix to improve permeability of
pharmaceuticals. Dermal absorption of progesterone for

20 example 1increases by 143% when the stratum corneum 1is
delipidized. The enhancement increases to 843% when the
stratum corneum 1s totally eliminated. With such
aggressive modification, commonly reported problems with
repeated use of such systems are therefore evident,

25 including contact dermatitis, reddening of the skin,
itching and burning that requires movement of the patch,
or application of the pharmaceutical around the body to
prevent local irritation. The reddening 1s said to
disappear within hours of removing the patch. But concern

30 has been raised with respect to long term risk and safety
with use of this type of transdermal delivery systems,
mainly because increased pharmaceutical permeability 1is
achieved at the cost of damaging a fundamentally important
protective layer of the skin.

35 There is a need for formulations which further
improve the bicavailability of biologically active

compounds.



disappear within hours of removing the patch. But concern 30 has been raised with respect to long
term risk and safety with use of this type of transdermal delivery systems, mainly because increased
pharmaceutical permeability is achieved at the cost of damaging a fundamentally important protective
layer of the skin. 35 There is a need for formulations which further improve the bioavailability of
biologically active compounds. 5 - Summary It has beerPfound that the efficacy, transport and
delivery of biologically active compounds can be increased if they are administered in a carrier
comprising 5 onespimmarg/C1-C4 alcohols, polyols and polymers thereof, water and one or more di-

and/or mono-(electron transferI gg%ng p oesgrr;atl% (gerrligati%/ﬁg or %%ngple>%ers.t

hereof. According ]j;% a first
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or more C1-4 alcohols, polyols or polymers thereof; and (b) adding water to the combination of step
(a). 30 It will be understood that the carrier may be prepared from or the reaction product of the
alcohol, water and electron transfer agent phosphate derivatives or complexes thereof. Under these
circumstances, the alcohol, water and electron transfer agent phosphate 35 derivatives or complexes
thereof may interact and be present in modified forms. Ereferably, the C1-C4 alcohol is ethanol. - 6
The carrier preferably contains one or more di- (electron transfer agent) phosphate derivatives or a

combination of one or more di-fglectran-transfep.agent) Mosphatederivativesang:ongoranore -

mono-(electron 5 gflnsfg agen ngsghate derivattil es. Ithv(\éig %T]al{nedergggd thact.the term "di- and/or

C er a n va AV SIS or a
mono-(electron tr ns?elr agent) phosphate derivative” re rs {0 osphate esters of electron trarsfer
agents in which fH&"PHESPhE?E may be8fhoPhosishidte 6rlpyid UerpHEEphateadi-Séiemorts? Substituted
with electron transferspgents. Indenei embodisentathe didelectron transfee agest)phaspbateron

derivative is selected fram the oup clgﬂgigtggg%dh@ggpg%@q]ggqsphate derivatives, di 15
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tocopheryl di-phosphate derivatives, di-tocotrienol phosphate derivatives and mixtures thereof.

Preferably, the di-(electron trahsfef agenty pholptats HeAdativeas difscopRER) phdsphats e
mono-(electron tremsfer egeat)phosphate 2G:denvativeisrpreferaplycsabécted fromdire gedupre ”

consisting of mongstocopheryl phesphate dervatives, menas fecapheryl di-phaosehate derivatives,

mono{oconmnwwhich the phosphate may be ortho-phosphate or pyro-

10 phosphate di- or mono- substituted with electron transfer
agents.

In one embodiment, the di-(electron transfer
agent) phosphate derivative is selected from the group
consisting of di-tocopheryl phosphate derivatives, di-

15 tocopheryl di-phosphate derivatives, di-tocotrienol
phosphate derivatives and mixtures thereof. Preferably,
the di-(electron transfer agent) phosphate derivative 1is
di-tocopheryl phosphate.

The mono-(electron transfer agent) phosphate

20 derivative is preferably selected from the group
consisting of mono-tocopheryl phosphate derivatives, mono-
tocopheryl di-phosphate derivatives, mono-tocotrienyl
phosphate and mixtures thereof.

In one preferred embodiment, the formulation is

25 prepared using at least one of di-tocopheryl phosphate,
di-tocopheryl di-phosphate and di-tocotrienol phosphate.

In another preferred embodiment, the formulation
is prepared using a combination of at least one of mono-
tocopheryl phosphate, mono-tocopheryl di-phosphate and

30 mono-tocotrienyl phosphate with at least one of di-
tocopheryl phosphate, di-tocopheryl diphosphate and di-
tocotrienyl phosphate.

When the formulation contains a combination of
mono-tocopheryl phosphate and di-tocopheryl phosphate,

35 these compounds may be present in one or more of their
alpha, beta, gamma and delta forms, preferably alpha and

gamma forms.



phosphate and mixtures thereof. In one preferred embodiment, the formulation is 25 prepared using at
least one of di-tocopheryl phosphate, di-tocopheryl di-phosphate and di-tocotrienol phosphate. In
another preferred embodiment, the formulation is prepared using a combination of at least one of
mono- tocopheryl phosphate, mono-tocopheryl di-phosphate and 30 mono-tocotrienyl phosphate with
at least one of di- tocopheryl phosphate, di-tocopheryrdiphosphate and di- tocotrienyl phosphate.
When the formulation contains a combination of mono-tocopheryl phosphate and di-tocopheryl
Shlosahate, 35 ';hesk()el corln;r)]oumé%m%lqu?regqnt m&nﬁgb@@&f ettheir @@Bﬁpgglt@ﬁ gag%madgmilj

elta forms, prefera aand_gamma forms..- 7 The ratio of mono:tacopheryl phgsphate to di-
tocopheryl phos&% e(y %%graefrlabﬁ%ff %?Ltf more pr%?grggﬁ/a%iﬁhé ;%ese%?inth%dn further
provides a 5 formtiR{iBATdMprising a biologically active compound and a carrier comprising one or
more C1-C4 alcohols, polyols &nsl polymese thereof, iwater ana onefarrpaee-di- andéari ano-(electron

transfer agegt) p'%%%‘?ﬂﬁ%gﬂi}{aﬂérf]gﬁ £i%%%@eée%9%@%&i%%fﬁ§ present inventon stll furthey

provides a method for preparing the formulation defined above compnsm%the step of combining a
biologically activé* c6fpblRd witAEPcariéP8onBsingTonBVF Fnofe TCr-CA aRBAGR: pdiydiE ahd
polymers thereofandtepandoaeor theore Ui- amdfor:monod electeondransfer agent)-phesphaie

derivatives or complexesdhereof. Jrurther-aceprding tgdhe presensdnyention thete (s proyded @,
method for admir(uzigtnelngXbei%Io%%gl}!)ég%tive compounds which comprises the step of combining the
10 The present invention still further provides a
method for ©preparing the formulation defined above
comprising the step of combining a biologically active
compound with a carrier comprising one or more C;-Cq4
alcohols, polyols and polymers thereof, water and one or
15 more di- and/or mono-(electron transfer agent) phosphate
derivatives or complexes thereof.

Further according to the present invention there
is provided a method for administering biologically active
compounds which comprises the step of combining the

20 biologically active compound with a carrier comprising one
or more C;-C, alcohols, polyols and polymers thereof, water
and one or more di- and/or mono- (electron transfer agent)
phosphate derivatives or complexes thereof.

The carrier may be in the form of vesicles. The

25 Dbiologically active compound may be at least partially
encapsulated by the wvesicles. While not wishing to be
bound by theory, 1t 1is believed that the formation of
vesicles with controlled malleability enables the
formulation to traverse intercellular pathways and deliver

30 the biologically active compound intracellularly to target
cells or 1into the systemic circulation. The di- and/or
mono- (electron transfer agent) phosphate derivatives
assist in countering any inflammation caused by
administration of the formulation.

35



20 biologically active compound with a carrier comprising one or more C1-C4 alcohols, polyols and
polymers thereof, water and one or more di- and/or mono-(electron transfer agent) phosphate
derivatives or complexes thereof. The carrier may be in the form of vesicles. The 25 biologically active
compound may be at least partially encapsulated by the vesicles. While not wishing to be bound by
theory, it is believed that the formation of vesicles with ddntrolled malleability enables the formulation
to traverse intercellular pathways and deliver 30 the biologically active compound intracellularly to
target cells or inetbgsysteraiesyed|gtiponThe di- and/or mono- (electron transfer agent) phosphate
derivatives assist in counteringhanyég@e}:@emgtig? cg[lljged ]p\):( zeiglr{]inli%t‘rfaetri@i%fnthe gorrgulgtion.n%S 8 -
Detailed description The carrier of the present invention Rontains one or more Cf-(ﬂ%al%oﬁol%, polyols
and polymers thet&of WatteC arfck oAe 8P Rivré di-Land/er monbleleetroR trahstet aent)/5 pRdsphate
derivatives or comptexes ¢heseofmBreferably, dhel amounbabwater present istindhe fangeaofh: jo
999, more preferably 60,0.95¢, mostpreferably 70.19,90%. The cardetisdhen combined with a
biologically active compound to form a formulation. 10 Alcohol The term "C1-C4 alcohol” refers to
alcohols having T16 4%%HGT afoing'SUdiradEE F Akandls, for BXampie Hethanol Peth@nal? s
propenol, isopropanot op 15 beraiol yPolyolscaritbgolymess 0P €4 £4 aldohsls iAclude 9§lycols such as
propylene glycol or polyethylene glycal, for example REG40GGomkingtiens af algehols; mayalso be

ed. Ethanol is preferred.
used a Sgé%?vedcompound to form a formulation.

10
Alcohol
The term “C;-Cs alcohol” refers to alcohols
having 1 to 4 carbon atoms such as C;-4 alkanols, for
example, methanol, ethanol, propenol, isopropanol or
15 butanol. Polyols and polymers of Ci;-4 alcohols include

glycols such as propylene glycol or polyethylene glycol,
for example PEG400. Combinations of alcohols may also be
used. Ethanol is preferred.
The amount of C;-C; alcohol present is preferably
20 in the range of 0.5 to 50%, more preferably 5 to 40%, most
preferably 10 to 30%.

Electron transfer agent phosphate derivative
The term Y“electron transfer agent” refers to an
25 agent which may be phosphorylated and which (in the non-
phosphorylated form) can accept an electron to generate a
relatively stable molecular radical or accept two
electrons to allow the agent to ©participate in a
reversible redox system. Examples of electron transfer
30 agents that may be phosphorylated include hydroxy chromans
such as alpha, beta, gamma and delta tocols in
enantiomeric and racemic forms; qgquinols being the reduced
forms of electron transfer agent Kl and ubiquinone;
hydroxy carotenoids such as retinol; calciferol and
35 ascorbic acid. Preferably, the electron transfer agent is

selected from the group consisting of tocols, retinol,



The amount of C1-C4 alcohol present is preferably 20 in the range of 0.5 to 50%, more preferably 5 to
40%, most preferably 10 to 30%. Electron transfer agent phosphate derivative The term "electron
transfer agent” refers to an 25 agent which may be phosphorylated and which (in the non-
phosphorylated form) can accept an electron to generate a relatively stable molecular radical or
accept two electrons to allow the agent to participatein 8 reversible redox system. Examples of
electron transfer 30 agents that may be phosphorylated include hydroxy chromans such as alpha,
beta, gamma and;deka tacolseinn gnartiomesigandiracemic forms guinals heingdhe reducegeforms of
electron transfer 1Qfgent Iél a{’l}g uub]l%usin%%%;r hg(%roxy carotenoids such as retinol; calciferol and 35
ascorbic acid. Pre eranly, fhe eﬁectron transfer agent is selected from the group consisting of tocols,
retinol, - 9 quinols being the r&fcdFBfADf ERctronttfanstéFaderm K errisrhituregthéredt More
preferably, the eleciton tragistet agent isactoshbsuch as tocaphesalardaeattienol. e toeolso bs
include al ispmess of derlvatives of Eydsoxy Zmeibyl dyemanchaving e iarmula, (aglawigguding
the a-5:7:8 tri-methyl; 0-5:8 di-methyl; y-7:8 di-methyl; and S 8 methyl derivatives.” HO RZ 0 CH3 4
H3 H3 H3 H3 H3 RFaCh3 VeRg fg%) SREHIER LI R2RMEOR3 ARE indepBAIEMT SETectéd from
the tri-methyl; pB-5:8 di-methyl; vy-7:8 di-methyl; and & 8

methyl derivatives.
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HO.
*
RZ @) R4
Rs CHs
CH3 CH3 CHs CHs CHs CHs

Ry = \\/A\/J<v/\\/J<v/\\/J\ ’
4 CH3 F # # CHs

10
(I)

in which
Ri, R, and Rs are independently selected from the
15 group consisting of hydrogen and Ci;-4 alkyl, preferably
methyl.

In the tocopherols, Ry 1s 4:8:12 tri-methyl
tridecane and the 2, 4, and 8 positions (see *) may be
stereoisomers with R or S activity or racemic. In the

20 tocotrienols, R; is 4:8:12 tri-methyl trideca-3:7:11 triene
and the 2 position may be stereoisomers with R or S
activity or racemic. Most preferably, the electron
transfer agent is a-tocopherol or tocotrienol.

The term “phosphate derivative” refers to the

25 acid forms of phosphorylated electron transfer agents,
salts of the phosphates including metal salts such as
alkali or alkaline earth metal salts for example sodium,
magnesium, potassium and calcium salts and any other

derivative in which the phosphate proton is replaced by



15 group consisting of hydrogen and C1-4 alkyl, preferably methyl. In the tocopherols, R4 is 4:8:12
tri-methyl tridecane and the 2, 4, and 8 positions (see *) may be stereoisomers with R or S activity or
racemic. In the 20 tocotrienols, R4 is 4:8:12 tri-methyl trideca-3:7:11 triene and the 2 position may be
stereoisomers with R or S activity or racemic. Most preferably, the electron transfer agent is
a-tocopherol or tocotrienol. The term "phosphate derivafifke"refers to the 25 acid forms of
phosphorylated electron transfer agents, salts of the phosphates including metal salts such as alkali

or alkaline earth metalsaltssfop example,sedium,y magnesium, potassium apgdicalciyr salts angdany
other derivative i Whlcﬂ the ghg FE;Shate roton is replaced by - 10 other substituents such as C1-C4

alkyl groups or p%osp aic y][ gro T Some situations, it may be necessary to use a phosphate
derivative such as a phosphatitfe. Pﬁ@@ph%%lﬁ?ﬁ%%ﬁ/atﬁés AreYarRimoehaft Sefivatives of 9fgahic

phosphates. These dletinativesdaay be prepared fomeamines haing a stracturerofRPREN(CKH2)r,OH
in which n isqan integer, of 1,106 and RS and R6 are Wﬁndeﬁly Selected from 14 and C1:4 alkyl.

The phosphatldyl derivatives are prepared 10 by displacing the h)t/g%oxyl proton of the electron transfer
agent with a phoBhpRBEmtiR that ISRRER réicted Mith'EiT affitie Ruch 5PathaRol &R e GRS

dimethylethanolaminén@re methockofrereparikgRe (§Hospketidyh dehvatives invoklves aniasie solvent

such as pyridine QEUE@%’J@"@”%%@ vith %%%PQQF%OW%@%Q%@@E%&@@Pé'eﬁ?é@e@'@&% which is
then reacted with th% a:} rox%71 Ljp of the amine to roduc corresgondlng hosphatld
to

derivative, such 38 ofyl %ophery h)f()jh Sgséj Sl%sd até. The ' term a&yl réte rt%d
straight chais, Dy displacing the hydroxyl proton of the electron transfer

agent with a phosphate entity that is then reacted with an
amine, such as ethanolamine or N,N’ dimethylethanolamine.
One method of preparing the phosphatidyl derivatives
involves a basic solvent such as pyridine or triethylamine

15 with phosphorous oxychloride to prepare an intermediate
which is then reacted with the hydroxy group of the amine
to produce the corresponding phosphatidyl derivative, such
as P cholyl P tocopheryl dihydrogen phosphate.

The term “C;_, alkyl” refers to straight chain,

20 Dbranched chain or cyclic hydrocarbon groups having from 1
to 4 carbon atoms. Examples include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
cyclopropyl and cyclobutyl.

Particularly preferred electron transfer agent

25 phosphate derivatives are di-tocopheryl phosphate
derivatives, di-tocopheryl di-phosphate derivatives, di-
tocotrienol phosphate derivatives, mono-tocopheryl
phosphate derivatives, mono-tocopheryl di-phosphate
derivatives and mono-tocotrienyl phosphate derivatives,

30 most preferably a combination of mono-tocopheryl phosphate
derivatives and di-tocopheryl phosphate derivatives.

It has Dbeen found that the stability of the
carrier increases as the concentration of mono-electron
transfer agent such as mono-a-tocopheryl phosphate

35 increases. When a combination of mono-a-tocopheryl

phosphate and di-tocopheryl phosphate is present they are



20 branched chain or cyclic hydrocarbon groups having from 1 to 4 carbon atoms. Examples include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, cyclopropyl and cyclobutyl.
Particularly preferred electron transfer agent 25 phosphate derivatives are di-tocopheryl phosphate
derivatives, di-tocopheryl di-phosphate derivatives, di- tocotrienol phosphate derivatives,
mono-tocopheryl phosphate derivatives, mono-tocophekl di-phosphate derivatives and
mono-tocotrienyl phosphate derivatives, 30 most preferably a combination of mono-tocopheryl

phosphate derivativassang ditogephgrybphospbate derivatives, It has bean{opadhatithe stahility of
the carrier increarsets.%s the concentration of mono-electron transfer agent such as
mono-a-tocophery?pﬁos’phate 35 increases. When a combination of mono-a-tocopheryl phosphate
and di-tocopheryl phosphate is pfeséftthey afef- 191 préferdblytincd 4456 134 fatie, MePSBReTERbly a
2:1 ratio. The ameuntof electromn trapster agent phesphaie Iderivative peesentrig pretefablypin the

range of up tp 5 1%, more.prsfer EQ%%EQT;W’/% gost prefgranly .10 8% 69mpiexof electron

transfer agent phosphate derivative Complexes of electron transfer agent phosphate  derivatives may
also be used when additional properties 10 such as improved stability or deliverability are desirable.
The complex is eCeaplex paddel ectrenr tinanséettragenribsfiiegenaprosisiiatyatiivatives and

one or more complexing agents,sglected-frogrthe geoup: sensistingaf amphgteric sWircianisce
cationic 15 surfagants, a1r:n_in0 acids having nitrqgen func ion@l%ou (sj%and, proteins rich in t@ese
amino acids sucl'&$ those" istloSed in Tntérhational Patent Piblication No. 02749834, <°

incorporateéd’heréindy reférenceimproved stability or deliverability are
desirable. The complex i1s a reaction product of one or

more electron transfer agent phosphate derivatives and one
or more complexing agents selected from the group
consisting of amphoteric surfactants, cationic
15 surfactants, amino acids having nitrogen functional groups
and proteins rich in these amino acids such as those
disclosed in International Patent Publication No. WO
02/40034, incorporated herein by reference.
The preferred complexing agents are selected from
20 the group consisting of amino acids such as arginine and
lysine and tertiary substituted amines such as those of
formula (II):
NR7RgRg

25 (IT)
in which
R; is selected from the group consisting of Ceg-22
alkyl optionally interupted by carbonyl; and
Rg and Ry are independently selected from the
30 group consisting of H, CH,COO0X, CH,CHOHCH,S03X,
CH,CHOHCH,0PO3X, CH,CH,COOX, CH,COO0OX, CH,CH,CHOHCH,SO3X or
CH,CH,CHOHCH,0PO3X in which X is H, Na, K or alkanolamine,
provided that Rg and Ry are not both H and when R’
is RCO, then R® is NCH; and R’ is (CH,CH;)N (C,H40OH)-H,CHOPO3
35 or R® and R’ together form N (CH,),N (C,H,0OH)CH,COO.
Preferred complexing agents include arginine,

lysine or lauryliminodipropionic acid where complexation



The preferred complexing agents are selected from 20 the group consisting of amino acids such as
arginine and lysine and tertiary substituted amines such as those of formula (I1): NR7R8R9 25 (II) in
which R7 is selected from the group consisting of C6-22 alkyl optionally interupted by carbonyl; and
R8 and R9 are independently selected from the 30 group consisting of H, CH2C00X,
CH2CHOHCH2S03X, CH2CHOHCH20P03X, CH2CH2206X, CH2C00X, CH2CH2CHOHCH2S03X
or CH2CH2CHOHCH20PO03X in which X is H, Na, K or alkanolamine, provided that R8 and R9 are

not both H and when & is RGQdBeN R&IS NeH3and R9 is (€H2&ER) N-e2H40H R CHAPO3
35 or R8 and R9 t%'%ethﬁr form N%CI&Z)ZNC(CZI-@OHQCHZCOO Pr(iferred coineplexing agents include
o . Sphoric .acid ester, to fOrm stable, 'com X .
arginine, lysine or auR/ Iminodipropionic acid where comﬁlexatlon £15°6¢curs between the alkaline
nitrogen centre and the phospheftic Beilestéreto forft Astable edmplex L PheStefml T@B-2ZaRYI" refers
to straight chain, bkranched clhaia iof cyelichydidearborigrotpsdavingfeamd bdo 22carhamatoms,

Examples inglude hexy), CXS'PBS%SV"%"@&XE F'Od%!%&%%c% . Er‘:r%@q?&\!" _R%@@Qﬁcyéye%%%%% ,

heptadecyl and octadecyl. Biologically active compound 10 The term "biologically active compound"

refers to compodiids/Having £BiTogical effedtin Btmns or ahfid@@ HoF Wedical RS Bt/
cosmetic applicatiens: dBiojdgicalyrdactive compoundsdneldde pharmaceuticals or derivatives thereof,
in particular phosphate derivatives 15 thereof. Pharmaceuticals include vitamins, phytochemicals,

cosmetic agents,w&r.aé:geyg%qliyp% oS, pé)ol¥rppe l}lﬁlgs, proteins or nucleic acids. It will be

10 The term “biologically active compound” refers to
compounds having a biological effect in humans or animals
for medical, veterinary or cosmetic applications.
Biologically active compounds include pharmaceuticals or
derivatives thereof, 1in particular phosphate derivatives

15 thereof. Pharmaceuticals include vitamins,
phytochemicals, cosmetic agents, nutraceuticals, peptides,
polypeptides, proteins or nucleic acids. It will Dbe
appreciated that some of the biologically active compounds
can be classified in more than one of these classes.

20 Examples of pharmaceuticals include but are not
limited to narcotic analgesics such as morphine,
oxycodone+ and levorphanol; moderate opioid agonists such
as codeine and propoxyphene; mixed opioid agonists such as
buprenorphine and pentazocine; opioid antagonists such as

25 naloxone and naltrexone; non-opioid analgesics such as
acetaminophen and phenacetin; corticosteroids such as
cortisone; inhaled anaesthetics such as halothane,
enflurane; intravenous anaesthetics such as barbiturates,
benzodiazepines, opioids, neuroleptics (e.g. droperidol

30 with fentanyl), ketamine and propofol; local anaesthetics
such as procaine and 1lignocaine; antiemetics such as
scopolamine; sympathomimetic pharmaceuticals such as
adrenaline and dopamine; adrenergic agonists such as
direct-acting agonists (e.g. dobutamine and epinephrine),

35 indirect acting agonists (e.g. amphetamine and tyramine)
and direct and indirect (mixed action) agonists (e.g.

ephedrine and metaraminol), adrenergic antagonists such as



appreciated that some of the biologically active compounds can be classified in more than one of
these classes. 20 Examples of pharmaceuticals include but are not limited to narcotic analgesics such
as morphine, oxycodone- and levorphanol; moderate opioid agonists such as codeine and
propoxyphene; mixed opioid agonists such as buprenorphine and pentazocine; opioid antagonists
such as 25 naloxone and naltrexone; non-opioid anatge$issuch as acetaminophen and phenacetin;
corticosteroids such as cortisone; inhaled anaesthetics such as halothane, enflurane; intravenous
anaesthetics such gsnbarbiurstes reenzediazepipas: apicids, nauolepties (@ gadroperidol 3Q with
fentanyl), ketamlpﬁ g(r:]g DPropo %I;. qual atneaegﬁhgflcs sycgﬁglpr%cr%we alnrg 'gglngf9'n65%nt'g@§(§'gs
such as scopolamine; sympat omimefic pﬂarmaéeu icals such as ad]roena(ﬁne and d%pamlne;
adrenergic agonigtsfsiiehidy direetaEfig agsnistst@lg. dobitafine afd epifEptaies, 35 IFdifect
acting agonists (e.gcatmphetamire ang tyraming) dandglicect and drdieect (mixed actiern)iagomnists (e.9.

ephedrine agd msfarapinol), adreneraic apgagonigts such @%ml}l§c§@bﬁibJ0Ck%¥§e(§t% praggsig and

phentolamine), beta blockers (e.g. atenolol, timolol and pindolol) and drugs affecting neurotransmitter
uptake or releasé f&§P tbEaing ¥ese it Brd Guarethihnd) tdnich Gt git B pfrarmtateaticdis such
as antimuscarinic(agents (elg.o atropine.andd atroping phosplate), ganglionicblotkers égc hicotine

and mecamylamipg) ;neurpmuscularlockers (e atracksiumand tubpcugarine)disgct chplinergic
agonists such as pilocarpine; indire%t cholinergic . 0%?;%onists (reversibFI?e, and irreverﬁié)iej? such as

neostigmine an echiot i%f)hates;ua%tiparl%ﬁson'glp LR&lKcals siBA A5 Grhant&di e,11evd &ﬁa,

tolcapone, ¥8pinirde setdgiliner enetsromberiptite; honavaes dhd fragietits theresfstich sl 8ex
hormones, humagrRaratbyeoith hepnane (PEH: gsewWthinson’ s pharmaceuticals such as

amantadine, levodopa, tolcapone, ropinirole, selegiline
and bromocriptine; hormones and fragments thereof such as
sex hormones, human parathyroid hormone (PTH), growth
15 hormone and insulin; anti-diabetic pharmaceuticals such as
insulin, glucagon-like peptides and hypoglycaemic agents
such as sulfonylureas, biguanides, a-glucosidase
inhibitors and thaiazolidinediones; anti-anginal agents
such as organic nitrates (e.qg. isosorbide and
20 nitroglycerine), ranolazine, b-blockers and calcium
channel blockers (e.qg. diltiazem, nifedipine and
verapamil); anti-anxiety and hypnotic agents such as
benzodiazepines (e.g. alprazolam and diazepam), buspirone,
hydroxyzine, =zolpidem, barbiturates (e.g. phenobarbital)
25 and non-barbiturate sedatives (e.g. antihistamines and
chloral hydrate) ; psychomotor stimulants such as
amphetamine, caffeine, cocaine, theophylline and nicotine;
antidepressants such as tricyclic/polycyclic
antidepressants (e.g.amitriptyline), selective serotonin
30 re-uptake inhibitors (e.g fluoxetine), monocamine oxidase
inhibitors (e.g.phenelzine); neuroleptic agents such as
typical antipsychotics (e.qg. phenothiazines and
butyrophenones such as chlorpromazine and haloperidol) and
atypical antipsychotics (e.qg. benzisoxazoles,
35 dibenzodiazepines and thienobenzodiazepines such as
risperidone, clozapine and olanzapine); antiepileptics

such as carbamazepine, benzodiazepines, gapapentin,



15 hormone and insulin; anti-diabetic pharmaceuticals such as insulin, glucagon-like peptides and
hypoglycaemic agents such as sulfonylureas, biguanides, a-glucosidase inhibitors and
thaiazolidinediones; anti-anginal agents such as organic nitrates (e.g. isosorbide and 20
nitroglycerine), ranolazine, b-blockers and calcium channel blockers (e.g. diltiazem, nifedipine and
verapamil); anti-anxiety and hypnotic agents such as—bddzodiazepines (e.g. alprazolam and
diazepam), buspirone, hydroxyzine, zolpidem, barbiturates (e.g. phenobarbital) 25 and

non-barbiturate S@gggg%(%g antihistagines,and chloral hydrate)t: psychomotor stigulants such as
amphetamine, caffehne cocalng theg}pll%lme and nlco ne anEi res nts suc as trlrﬁ/llclfob/cycllc

antidepressants Fe g. Qritic IR}hnej selective serotonin 30 reiptake. m% itors{eg flioxetine
monoamine omdéi%@ﬁﬁﬂéﬂt&% (e.g pheRélzine) liéfoleptRiageits Stéh as 1§ pical %‘ﬁﬁbsychcﬁﬁs
(e.g. phenothiazines aad 1 butyropheaones sucts as chlotpromazine-and;baloperidalyand atypisal

antipsychotigs (e g henzisgxazoles, 35 %‘B?Q%%Q'q{%p'%%soﬁ% fuenghenzediazenines sueh ase

risperidone, clozapine and olanzapine) antlep|e ics such as carbamazepine, benzodlazeplnes

gapapentin, - 14 HyHBite? ]féﬂlramg?es,?/ijg]a]b%l Efan%&]@nea%thég&lm}d@%%Bﬁsacﬂ,
barbiturates and phetytoirt; 1dongestivelneard-faiee pharimaceuticat$suchasd vasodilators ddilivetics

and inotropic agqm%geeg 4 eardiac SSgllggosidesa beta-adrgnergiciagonists and phosphodiesterase
inhibitors); vaso tors su g[h as ACE |n ibitors (e enalaprllq gdralazme |sosortb|de and mlgoxidil;

diuretics such as Pflaz itife fés](@ drochlo OCEﬁIaZI 5 dﬁfretlcs ?e 8 frus@ﬁﬁalé) 1
potassium %Qarlr@%al%‘iltgme.gp@mﬁl@@d@ahéwmlc amydrase heibiters (egdacerarsiamide);

cardiac anhydrase inhibitors (e.qg. acetazolamide) ; cardiac
glycosides such as digoxin; P-adrenergic agonists such as
dobutamine; phosphodiesterase inhibitors such as amrinone

and milrinone; antiarrythmic agents such as sodium channel

15 blockers (e.g. disopyramide, flecainide, 1lidocaine), B-
adrenoceptor blockers (e.g. metoprolol, esmolol and
propranolol), potassium channel blockers (e.g. amiodarone

and sotalol), calcium channel blockers (e.g. diltiazem and
verapamil), adenosine and digoxin; antihypertensive agents

20 such as diuretics (e.g. thiazides, loop diuretics and
potassium sparing diuretics), beta-blockers (e.qg.
atenolol), ace inhibitors (e.g. enalapril and ramipril),
angiotensin II antagonists (e.g losartan), calcium channel
blockers (e.g. amlodipine, nifedipine and verapamil),

25 alpha-blockers (e.g. doxasozin, prazosin and terazosin)
and others such as clonidine, diazoxide and hydralazine;
platelet inhibitors such as abciximab, aspirin,
clopidrogel and tirofiban; anticoagulants such as
enoxaprin, heparin and warfarin; thrombolytic agents such

30 as alteplase, streptokinase and urokinase; treatments for
bleeding such as aminocaproic acid, tranexamic acid and
vitamin K; treatments for anaemia such as erythropoietin,
iron, folic acid and cyanocobalamin; thrombin inhibitors
such as lepirudin; antimicrobial agents such as agents

35 with activity against one or more of anaerobic organisms,
gram-positive organisms and gram-negative organisms;

antimicrobials with broad spectrum (e.g. tetracycline and



glycosides such as digoxin; 0-adrenergic agonists such as dobutamine; phosphodiesterase inhibitors
such as amrinone and milrinone; antiarrythmic agents such as sodium channel 15 blockers (e.g.
disopyramide, flecainide, lidocaine), f3- adrenoceptor blockers (e.g. metoprolol, esmolol and
propranolol), potassium channel blockers (e.g. amiodarone and sotalol), calcium channel blockers
(e.g. diltiazem and verapamil), adenosine and digoxin; &Rtilypertensive agents 20 such as diuretics
(e.g. thiazides, loop diuretics and potassium sparing diuretics), beta-blockers (e.g. atenolol), ace

inhibitors (e.g. enahapyd andamiprl),) angigtensin |l antaganists (e.g-logartan)s salcium ghanpely
blockers (e.g. amlc})it%igirglgégifedipirsle aggrvergapamilg,CZCS 3I{)ha-block s %e.g. doxasozliré,i r%chr)SirJ and
terazosin) and others such as cIonPdelne, diazoxide andlhy rglazine; platelet inhibitbrs such as ’
abciximab, aspiriil eldpidrogeland tirdfibah; drtitdadtlaRastkpldsendRastin, epafh ahddearfarin;
thrombolytic ageatscsuchrithas ladipplase, streplokinase anel urokingse; treatroratsifer bleeding-such
as aminocapfoic Acich lrageamc agiand, uiamin K tyeaiments foranaemia such as sryiogoietn,
iron, folic acid and cyanocobalamin; thrombin inhibitors such as lepirudin; antimicrobial agents such

as agents 35 withr SERTY Agdifst on@ b G ST Shic BRgAriemEe §rant-hbRARB 6rdaniéhe and
gram-negative orgahismsypartmicrdbialsiwith bioadspecinimi(e.gntetrbeyclineand - £&nction

chloramphenical), parraw.spectium (e.g- ispniazig) @nd-gxtended spectrum activity ﬁsngfﬁ&mwin);
antimicrobials which inhibit getabolisml(e % sulfonamideﬁ and trim im), inhébit ce | wall
[

. ethopr
synthesis (e.g.(3%q5%f%so Ad 1\:/glrjﬁc%é”lmyc ?,elﬁﬁi%it psrgf:ein sf?ﬁtheas%efle%. télr%%yclineos, treat
aminoglycdsides timaetslides sélindamydin akele thivvampleericdlaad Whichdahibit nuéleithacid:s
function or synthesis\(e:@fluerequinglonesanddfampicin); flucytosine, itraconozole,

ketoconazole, clotrimazole, econazole, griseofulvin,
miconazole and nystatin; antiprotozoal agents such as
chloroquine, metronidazole, mefloquine, pyrimethamine,
15 quinacrine, and quinidine; anthelmintic agents such as
praziquantel, and mebendazole; antiviral agents for
respiratory infections (e.g.amantadine, ribavirin and
rimantadine), for herpes and cyto-megalovirus infections
(e.qg. acyclovir, cidofovir, penciclovir, famciclovir,
20 ganciclovir and vidarabine), for human immunodeficiency
virus 1infections (e.g. abacavir, adefovir, apmrenavir,
delavirdine, didanosine, stavudine, zalcitabine and
zidovudine) and for  hepatitis, leukemia and kaposi’s
sarcoma (e.g. interferon); anticancer agents such as
25 antimetabolites (e.qg. cytarabine, fludarabine, 5-
fluorouracil, 6-mercaptopurine, methotrexate and 6-

thioguanine) and antibiotics (e.g. bleomycin, doxorubicin,

daunorubicin and plicamycin), alkylating agents (e.qg.
carmustine, lomustine, cyclophosphamide, ifosfamide,
30 streptozotocin and mechlorethamine), microtubule

inhibitors (e.g. navelbine, paclitaxel, vinblastine and
vincristine), steroid hormones and their antagonists (e.g.
aminoglutethimides, estrogens, flutamide, goserelin,
leuprolide, prednisone and tamoxifen) and others such as
35 asparaginase, cisplatin, carboplatin, etoposide,
interferons and ©procarbazine; anti-inflammatory agents

such as non-steroidal anti-inflammatory  drugs (e.qg.



antimycobacterial agents such as agents used to treat 10 tuberculosis and leprosy; antifungal agents
such as amphotericin B, fluconazole, flucytosine, itraconozole, ketoconazole, clotrimazole,
econazole, griseofulvin, miconazole and nystatin; antiprotozoal agents such as chloroquine,
metronidazole, mefloquine, pyrimethamine, 15 quinacrine, and quinidine; anthelmintic agents such as
praziquantel, and mebendazole; antiviral agents for respfratory infections (e.g.amantadine, ribavirin
and rimantadine) , for herpes and cyto-megalovirus infections (e.g. acyclovir, cidofovir, penciclovir,
famciclovir, 20 gangiclevin and vigarabing),fer humapdpwramadeficiengy rWrushipfections {8 @ac,
abacavir, adefovir,i%@rienan\{ir, del \éi@g%tt%iggg%sine, §tg Hg@ehzalcitilggg aer]Cdh z(i:dioryudig(?)of;md
for hepatitis, leukemia an%aka’posi'g sarcoma (e.g. |riterferor%; anticancer agents such as 25
antimetabolites (&3t eytaratsine  fludaiabite: BT e rsuratil, Bohekdapteisuriné€ MethGitd ke ant 6-
thioguanine) andzandibietcS=(eog leomyait, dexotuhicin; daunprubisin anddplicamycin)y alkytasing
agents (e.g.scangys{ine Jomustine, cydiophasphamide, fosfamide, 30 stieploratpeinand oy

mechlorethamine), microtubule "inhibitors (e.g. navelbine, paclitaxel, vinblastine and vincristine)
a

steroid hormoned- A& WSFaRtagchists (2. T aRTdgIGtbthintiads Pestidens, BRERRRRC §8sefdif,
leuprolide, prednisohéianoytaamwxifen) angidthersisich as @5 asparaginase rcispiatini, casboplatih,

etoposide, interfgrons and pracarhazine anti-inflagnmatory ageptss such asinonssiereidal  ang
anti-inflammatory drugs (e% - 16 ?spirin,.(ﬁclofenac, ibuprofen, na§{ox n, sulindac, piroxicam,
pheylbutazone, tgﬁ'Lnne ar, cfrﬂetﬁacir‘? Ah I%e?t%%rrnojfé]ﬁ)scyé?ob%ég nase 2 fhibitors ?ec.g.lcz:éfé%xib
and rofecoxib), aftireethriiis ageatss(e.gdémbriguite; Brgold salfss nrdthoreiate and Btpanicillamine)

and gout and loratadine), H2 antihistamines (e.g. cimetidine,

famotidine, nizatadine and ranitidine) and agents used to

treat migraine headaches (e.qg. B-blockers,
dihydroergotamine, ergotamine, methysergide and
15 sumatriptan) ; asthma pharmaceuticals such as beta-

adrenergic agonists, corticosteroids, prophylactic anti-
inflammatory agents (e.g. cromolyn and nedocromil) and
cholinergic antagonists (e.qg. ipratropium) ; agents
affecting the respiratory system such as agents that
20 target that formation or function of leukotrienes (e.g.
montelukast, =zileuton and zafirlukast); allergic rhinitis
pharmaceuticals such as antihistamines, alpha-adrenergic
agonists, corticosteroids and prophylactic anti-
inflammatory agents such as cromolyn; chronic obstructive

25 pulmonary disease pharmaceuticals such as bronchodilators

(e.qg. beta-adrenergic agonists and cholinergic
antagonists, xanthine-oxidase inhibitors such as
theophylline) and glucocorticoids; steroid hormones and
their antagonists such as estrogens (e.g. estradiol,

30 mestranol and guinestrol), selective estrogen modulators

(e.g. raloxifene), progestins (e.g. hydroxyprogesterone,

norgestrel, norethindrone and medroxyprogesterone),
antiprogestins (e.qg. mifepristone), androgens
(e.g.danazol, nandrolone, stanozolol, testosterone,

35 testosterone cypionate and fluoxymesterone), antiandrogens
(e.qg. cyproterone, finasteride and flutamide),

corticosteroids (e.qg. beclomethasone, cortisone,



treatments (e.g. allopurinol, colchicine, probenecid and sulfinpyrazone); autacoids and autacoid
antagonists such as prostaglandins (e.g. carbopost, misoprostol and dinoprost), H1 antihistamines
(e.g. clyclizine, meclizine, 10 dimenhydrinate, diphenhydramine, fexofenadine, cetirizine and
loratadine), H2 antihistamines (e.g. cimetidine, famotidine, nizatadine and ranitidine) and agents used
to treat migraine headaches (e.g. (3-blockers, dihydrodrgotamine, ergotamine, methysergide and 15
sumatriptan); asthma pharmaceuticals such as beta- adrenergic agonists, corticosteroids, prophylactic
anti- inflammatory agents-fesg.cremolyn andnedssranil)synd cholinefgie aRtagonists (€.9. and
ipratropium); age&sl aar}‘lfegggq (t)f}leesespiratgg system ﬁu%hl as agents (t)hat 20 te(wirgeItl ét)hcag E%r{nc%tiio@ or
function of leukotrienes %e.g. montelukast, zileuton an zaferu]iast) ; alfergic Thinits pharmaceuticals
such as antihistafiRés] alpiefadrener§ft: @gonistaNddriedstéfids Brd prophyl&eiiCaRidnAfdmimatory
agents such as crermolysp chronicralstrictive 2beputmanasy disease phasmareuticatssuehras i s
bronchodilaters (e.g.hetazadrenergic,agonists and sholipergic antagopists, xanthine;oxidase .
inhibitors such as theophylline) and glucocorticoids; steroid hormones and™ their antagonists such as
estrogens (e.g. e@f’rﬁ&if&%@stré‘ﬁﬁ an8 qUiTE<tron Kelective EstrbgBr odufitdrs @ g. and
raloxifene), progestinsdean hiydrexyprogesterdne, apegesirek morethindrdngoand inhibitors
medroxyprogestergng), antiprogesting (e.9. spifepristene) cgndrogens; (g.9-dangzal, nandrolone,
stanozolol, testosgerone, 35 teséfosfterone (r:%/}{)ion te and %(EJUOX\émesterone%H antiandrogens et%._
cyproterone, finasterite and it amﬁ]ae?fn Corticostersids .gf'11 gclgr%%ﬁ% 0%18’181&% n& 397>
dexamethasone, fireledetsttisone, frednisoidriel and utriagicinoine), and kibitors or adrerdcorieoid

proton pump inhibitors (e.g. omeprazole and lansoprazole),

antimicrobials, prostaglandins (e.g. misoprostol) and H2

antihistamines (e.qg. ranitidine) ; antibody
pharmaceuticals; antithyroid pharmaceuticals such as
15 thyroxine; peptide, protein and polypeptide

pharmaceuticals such as nucleic acids, oligonucleotides,
antisense pharmaceuticals, enzymes, cytokines (e.g. tumour

necrosis factor), cytokine analogues, cytokine agonists,

cytokine antagonists, hormones (e.qg. calcitonin, and
20 parathyroid hormone), hormone fragments (e.qg.
teriparatide), hormone analogues (e.g. growth hormone

agonists, growth hormone antagonists such as octreotide,

and analogues of gonadotropin releasing hormone such as

leuprolide), insulin, insulin fragments, insulin
25 analogues (e.qg. recombinant human insulin analogues,
lispro, glargine, aspart and detemir), glucagon-like-

peptide, glucagon-like-peptide fragments, glucagon-like
peptide analogues (e.qg. exenatide), immunoglobulins,
antibodies, vaccines, gene therapies, lipoproteins,
30 erythropoietin, enfuvirtide and eptifibatide; hormone,
protein, peptide, polypeptide, nucleic acid and
oligonucleotide therapies that are direct or indirect
agonists, antagonists, modulators, stimulants or
inhibitors of natural hormones, proteins, peptides,
35 polypeptides, nucleic acids and oligonucleotides; small
molecule and large molecule therapeutic proteins,

peptides, polypeptides, nucleic acids and oligonucleotides



biosynthesis (e.g. aminoglutethimide, ketoconazole, metyrapone, mifepristone and spironolactone) ;
osteoporosis 5 treatments such as biphosphonates (e.g. alendronate, pamidronate and risedronate),
calcitonin, calcium and estrogens; anti-obesity agents such as lipase inhibitors (e.g. orlistat),
anti-obesity peptides (e.g. growth hormone and fragments thereof) and sympathomimetic agents; 10
treatments for gastric ulcers and inflammation such as pfoton pump inhibitors (e.g. omeprazole and
lansoprazole), antimicrobials, prostaglandins (e.g. misoprostol) and H2 antihistamines (e.qg.
ranitidine); antibaglys pharmacesiticals) agtjthyrpid pbarmraceuticalssueb@s, 1othyoxine: feptide,
protein ana polyRepile  piarmaceytials sueh asaudele At olaaucleplides, anlsense
pharmaceuticals, enzymes, cytorfqnes (e.g.ntumour necrosis factor : cytfo ine anéjlogues, cyfaojkl_
agonists, cytokirantagenistihotmonies ¢ g alcitdin, and 20 pdfathyfold hormoReRPRhoRe
fragments (e.g. teripaeatide), hopaend analpguesdeyg growtteBormone cagdnists, growth hoamnane

antagonists such 4s adAtile. andanalages of gonadgy apio,eleasing:hermons UG 25, o,

leuprolide), insulin, insulin fragments, insulin 25 analogues (e.g. recombinant human insulin
analogues, lispré,Sglafgind tspdrtah@ Betemiy gecyon-likel Fehtite SgluzagonJikeTsEptiaes
fragments, glucagor-likg useptidefaralogues (e.gnedxenatide) ninsmunodglobrting,a antibodies L vaccines,
gene therapies, l[tp@@@&g@, 39 enythrapoieling enfuvirtide and eptifibatide; hormena.c protein,; peptide,
polypept.lde, nucleic acid anﬁi Oli q{nuc gotlde thgr ies that are |r%ct oir no!lrect % pnllsts £
antagonists, moa%rllé%orss,%ﬁmulan $or inRIbRASIS 8%?]&'[!5%1 %Ormoﬁegtpré?elnsaf pep |5e§,n§5 ©
polypeptidéd) nugleictacidraneg bligonucléstitles; saaliraoldcife anddarge mekeedlexherapeudic
proteins, peptidesspatypeptides nucleis-acids and phgeruslegtidesptides, polypeptides,
oligonucleotides and nucleic acids for the treatment, or
prevention of human and animal diseases such as
allergy/asthma, arthritis, cancer, diabetes, growth
15 impairment, cardiovascular diseases, inflammation,
immunological disorders, baldness, pain, ophthalmological
diseases, epilepsy, gynaecological disorders, CNS
diseases, viral infections, bacterial infections, GI
diseases, obesity, and haemological diseases; ;
20 phytochemicals such as oa-bisabolol, eugenol, silybin, soy
isoflavones, phytosterols and iridoid gylcosides for
example aucubin and catalpol; sesquiterpene lactones such
as pseudoguaianolide from Arnica chamissonis; terpenes
such as rosmarinic acid and rosmanol; phenolic glycosides
25 such as salicylates for example salicin, saligenin and
salicyclic acid; triterpenes such as taxasterol, oa-
lactucerol, isolactucerol and taraxacoside; hydrogquinone
derivatives such as arbutin; phenylalkanones such as
gingerols and shagaols; hypercin; antidyslipidaemic agents
30 such as HMGCoA reductase inhibitors (e.g. simvastatin,
atorvastatin and pravastatin), fibrates (e.g.clofibrate
and gemfibrozil), niacin, probucol, cholesterol absorption
inhibitors (e.g.ezetimibe), cholesterol ester transferase
antagonists (e.g. torcetrapib), HDL cholesterol elevating
35 agents (e.g. torcetrapib); triglyceride reducing agents
(e.g. fibrates), V-protectants (e.g.AGI-1067), variants of
human apolipoprotein ( e.g.ETC-216); acylphloroglucides



- 18 made synthetically, by recombinant methods, or by chemical modification of a natural product;
synthetic or naturally derived small molecule and large molecule therapeutic proteins, peptides,
polypeptides, nucleic acids and 5 oligonucleotides; small molecule therapeutic peptides such as
growth factors, hormones, cytokines and chemokines; analogues, fragments and variants of natural
proteins, peptides, polypeptides, oligonucleotides and Aleic acids and such like compounds (e.g.
hematide a variant of 10 erythropoietin and octreotide an analogue of somatostatin); hormones,

proteins, peptideg.Relypeptides. phgerucleotidgsanshrycleicagsids fer thedreatment, wrpprevention of
human and animal diEeaie_s such as allqug/astqma, arthﬂtis cancer, diatbetes gro th g impairment,
. en=-2=o nutrace lCﬁ S. ?%C as nq&rl Tond ?ﬁ h 'or
cardiovascular diseases, Triflammation, immunological disorders, baldness, pain, ophthalmological
diseases, epilepsyt gyhactbgicilraisbiders! CNS 1diSeases, vigFfettiorsO baetelarinfectidis, Gl
diseases, obesity; @ndriraemologicah tiseases; 20upyiteehemicals such as a-bisabelol leugertal

silybin, soy isoflaygnes, phyigsterels ang irdaid gylcosides. for ;example auciiin and 8&‘%"%‘5,

sesquiterpene lactones such as pseudoguaianolide from Arnica chamissonis; terpenes such as

rosmarinic acid androefahoP Phendlitycosidde I s ithiasalibyiatds Grexanpe saeh, Sdigenin
and salicyclic acik; drterperesduchasrtaxasterobarddctucerol, iSdlaétucerot and daraxacosiderd
hydroq_umong d _H@@M%%é%ﬁ as a@%”icﬁg@ﬁé{'@i@%%%ﬁuc@sa_saﬂlﬂge%%91‘!@_5'&%939!?&1—
hypercin; antidys |Qlda]§?1|c a%fents 30 sugh as HMGC(}A reduJ?tase, |nh|b|to%5 (e.g%lsimvastatln,
atorvastatin and ‘bqralv%s a?in), BrAreS (e.g?cﬁofib?gf"ém nd ge?n ?E)%Zliﬁ, niacin, pr% uc8f,3%ﬁole§tne?ol
absorptionlihhibiersiexjezetimibe) icholesteroresten ransferdse cantagoiives (€g. tareetrapiby, HDL

cholesterol elevalingd, omega-3-fatty acids, glucosamine, gamma-tocopheryl
and gamma-tocopheryl phosphate derivatives.
It will be understood that the pharmaceutically
acceptable salts and derivatives of the pharmaceuticals
15 described above are included within the scope of the
present invention.
Preferably, the amount of biologically active
compound is in the range of up to 5%, more preferably 0.5
to 3%, most preferably 0.5 to 2%.
20
Vesicles
The vesicles when present may have a diameter in
the range of 50 to 10,000/nm, more preferably 100 to
500nm, most preferably 300 to 500nm.
25 The biologically active compound may be at least

partially encapsulated by the vesicles.

Types of administration

30 The formulations include those suitable for
parenteral, enteral, oral, topical, transdermal,
opthalmological, rectal, vaginal, intranasal and
intrapulmonary administration. The formulations may be in
the form of 1liquids, solutions, suspensions, creams,

35 olntments, lotions, gels, powders, aerosols, patches,
enteric coated tablets, capsules, suppositories, pessaries

or tampons and prepared by any methods well known in the



35 agents (e.g. torcetrapib); triglyceride reducing agents (e.g. fibrates), V-protectants (e.g.AGI-1067),
variants of human apolipoprotein ( e.g.ETC-216); acylphloroglucides - 19 such as xanthohumol,
lupulone, humulone and 2-methylbut-3- en-2-ol; nutraceuticals such as nutritional health or other
supplements, vitamins for example co-enzyme Q and retinol (Vitamin A), nutrients, precursor
molecules for 5 generation of hormones, proteins for exafhpte elastin, collagen and insulin, amino
acids, plant extracts such as grape seed extract, ephedrine, DHEA, isoflavones and phytosterols; and

cosmetics such agrantizageing-omaitly wenkle agentsifos exapye elastinaancheallgeryand 1@ne
antioxidants sucréasl é%tinol aanrg | cosenzym % r%t' oighacidaomegaé?gfat%gci X Iucosamig}gth
e

e
gamma—tocopheryF and gamma—tocorp%e%]ﬂcp osphate derivatives. IEwill be understood that

pharmaceutically®dééeptable SaRPand defivatiVes éf e pharmacalitichis’ 15 dédcribeeabovéddre
included within the2sanpe. of theh presentiniventoni Prefesably; ke amepntwof biolagicallyactivie o

compound isin the range,afup o G, maredyeleraly 0,5 9% mostarglerably 0.940:2%.20
Vesicles The vesicles when present may have adiameter in the range of 50 to 10,000/nm, more

preferably 100 to°856AMT mo&fFrefelably 360 to%ﬁf@%ﬁhe%i@ﬁfg?&llf&@tivé TEMPstindHay be
at least partially encapsulateddryithedsesictesi dypes of administration 30 The formulations include

those suitable for parenteral, enferakoral, topical transdermal, ppthalmalogigal, rectal: vaginal,

intranasal and irgrapulmonar)éadministr.atign. The formulations ma be in .
vy ilnjection, infusion or Implantation (intravenous,

10 intramuscular, subcutaneous, or the like) in dosage forms,
formulations, or via suitable delivery devices or implants
containing conventional, non-toxic pharmaceutically
acceptable carriers and adjuvants.

Formulations for parenteral use may be presented

15 in unit dosage forms (€.g-, in single dose-ampoules), or
in wvials containing several doses and in which a suitable
preservative may be added. The formulation may be in form
of a solution, a suspension, an emulsion, an infusion
device, or a delivery device for implantation or it may be

20 presented as a dry powder to be reconstituted with water
or another suitable vehicle before use. Apart from the

biologically active compound, the formulation may include

suitable parenterally acceptable carriers and/or
excipients. The biologically active compound may be
25 incorporated into microspheres, microcapsules,

nanoparticles, liposomes, or the 1like for <controlled
release. Furthermore, the formulation may include
suspending, solubilizing, stabilizing, pH-adjusting,

and/or dispersing agents.

30 As indicated above, the formulations may be in
the form suitable for sterile injection. To prepare such
a formulation, the Dbiologically active compound is

dissolved or suspended in a parenterally acceptable liquid
vehicle. Among acceptable vehicles and solvents that may
35 be employed are water, water adjusted to a suitable pH by
addition of an appropriate amount of hydrochloric acid,

sodium hydroxide or a suitable buffer, 1,3-butanediol,



the form of liquids, solutions, suspensions, creams, 35 ointments, lotions, gels, powders, aerosols,
patches, enteric coated tablets, capsules, suppositories, pessaries or tampons and prepared by any
methods well known in the - 20 art of pharmacy such as described in Remington JP The Science and
Practice of Pharmacy, ed. AR Gennaro, 20th edition, Lippincott, Williams and Wilkins Baltimore, Md
(2000) . These methods include the step of bringing intc?% association the biologically active
compound with the carrier, and then, if necessary, shaping the formulation into the desired product.
The formulation may heradministered parenigrally: Hydpjections infusion en inplantatian (intrayenous,
10 intramusc:uIarT%uebcutaﬁ%%l{lsS or %ge IITiA(lei) igid&?agg Jormg,lfggmu(ljagioggigr via suitag}lfe dr%lci)\éeery
devices or implants cor?tglnlng conven]ilonaf non-toxic harmaceuticaﬁy accep able carriers and
adjuvants. FormRafGTor parérteral (BeBmay bé'giesehted B ivunit d®SageToRuSFE.y., in&ingle
dose-ampoules) tofdinodigiscontainig severaldoses anddr vhichea siiftablrepresenvativielmay e
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the form suitable for sterile injection. To prepare such a formulation, the biologically active compound
is dissolved or suspended in a parenterally acceptable liquid vehicle. Among acceptable vehicles and
solvents that may 35 be employed are water, water adjusted to a suitable pH by addition of an
appropriate amount of hydrochloric acid, sodium hydroxide or a suitable buffer, 1,3-butanediol, - 21
Ringer's solution, and isotonic sodium chloride solution.2Zhe aqueous formulation may also contain
one or more preservatives (e.g., methyl, ethyl or n-propyl p- hydroxybenzoate). In cases where one of
the compounds is 5oy sparngly or shghtly selubleyin waterta dissoldtien eabarairg arselublizing
agent can be addceodagééhea$8y§QEW§y %%C'“n‘?&%%%%o."v"q""i?f 9{88%'8”%9 glycol or the likg;
Controlled release parenteral compositions may be in form of aqueous suspensions,
microspheres, micrdéapsuRECRaGRELC Hficrdspheres Foil SBRITIBAS, ol Ssuspensibhs, 6PEMUISIBNS.
Alternatively, theabiotogically actielgompounenay beincosparaiechn, bieeampatible,cagiarsps
liposomes, nanopgrticles; .13 mplagjs, gr.infusign devices, Majerials for use 1 the prepatation.of
microspheres and/or microcapsules are, e.g., biodégradable/bioerodible polymers such as%%olyglactln,
poly-(isobutyl cy&raehiate) oty (F-hyroxyethyFL-20 dhitafning) ahapbhy(IXedc adia). Biokohpatible
carriers that mayureeused wheh farmulatihg rreordrolied seleasesparerniersd formualatior ndgreona l
carbohydrates (eg;qdextrans), pretging fe.g., afumin) Jlipgpraieins, orantibadies 25 Materials for
use in implants cgnr?g non- blodeg]ra}(ljabhe (Se.g.,}g)oclxglmﬁtgyl S'Ir?x?n%) or bdo%elgeradabie (e.g.,r
poly(caprolactone)? pof‘y%l%l%ﬁgs ehicies Wi ay tnelude ecd orLs, e

10 preservatives.

For topical administration transdermally, the
biologically active compounds may be formulated as
ointments, creams or lotions, or as a transdermal patch.
Ointments and creams may, for example, be formulated with

15 an aqueous or o0ily base with the addition of suitable
thickening and/or gelling agents. Lotions may be
formulated with an aqueous or oily base, and will in
general also contain one or more emulsifying agents,
stabilising agents, dispersing agents, suspending agents,

20 thickening agents, or colouring agents.

Formulations suitable for topical administration
in the mouth include lozenges comprising active ingredient
in a flavoured base, usually sucrose and gum acacia or gum
tragacanth; pastilles comprising the active ingredient in

25 an inert base such as gelatin or sucrose and gum acacia;
and mouthwashes comprising the active ingredient in a
suitable liquid carrier.

Formulations suitable for rectal administration
may be presented as suppositories. Suitable excipients

30 include cocoa butter and other materials commonly used in
the art, and the suppositories may be conveniently formed
by admixture of the biologically active compound with the
softened or melted carrier(s) followed by chilling and
shaping moulds.

35 Formulations suitable for wvaginal administration
may be presented as pessaries, tampons, creams, gels,

pastes, foams or sprays containing in addition to the



acid), poly(glycolic acid) or poly(ortho esters)). Formulations suitable for oral administration may 30
conveniently be presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the biologically active compound; as a powder or granules; as a solution, a
suspension or an emulsion. The biologically active compound may also be 35 presented as a bolus,
electuary or paste. Tablets and capsules for oral admirdstration may contain conventional excipients
such as binding agents, fillers, lubricants, - 22 disintegrants, or wetting agents. The tablets may be

coated according-tognsthods well kiowin i the ape@kal liquith preparticnstpafor gxampledgin the
form of aqueous.or chh)( suasggnﬁgn , soa{utions g@auclsions, syrups 5 or elixirs, or may be presented as
a dry product for constitution with water (%Orpo]iﬁgr sifitable vehicle before use. Such liquid preparations
may contain conventional addities SUEK a3tRperding B§ERI e melsiying Hgehts. Sidagttous
vehicles which maydnclaslenadible iils sor k0, preservatives, ikardepical adminisérationrtransdernally,

the biologically ascéiyag%}pogpdg @%B&ﬁ%@&%mﬂj as, ocj;lntmeipt% Sraams or lotions, or as a

transdermal patch. Ointments and creams may, for example, be formulated with 15 an aqueous or oily

base with the addition of suitabi8thick¥hing &ithor GeliRTAGeME SLotibhs may?F& Sbimdlatedith an
aqueous or oily basesand wilfinr generapalso coatain @ne or moreamulSifyirg agerts) stalilisiag

agents, dispersi s, Uspending agents, 2Q thickening,agents.erccolour mragené%{ample
Formulations suitable for%opical adn%inistrati n in }‘Lhe mouth inclugle iozengei com risin% a}%:tlve
L Br iffes =°

ingredient in a ﬂ%{ﬁ%a as&, StA ?%ﬁcr%séz Qhd glen éjéjal(:Yae am- tra ac\é%?h;spa%
comprisinglthe aétife ihigkadient in

Such solutions or suspensions may additionally
contain other excipients for example preservatives (such
as benzalkonium chloride), solubilising agents or
surfactants such as polysorbates (eg. Tween 80, Span 80,

15 benzalkonium chloride), Dbuffering agents, isotonicity-
adjusting agents (for example sodium chloride), absorption
enhancers and viscosity enhancers. Suspensions may
additionally contain suspending agents (for example
microcrystalline cellulose, carboxymethyl cellulose

20 sodium) .

Solutions or suspensions may be applied directly
to the nasal cavity by conventional means, for example
with a dropper, pipette or spray. The formulations may be
provided in a single or multidose form. The latter case

25 means of dose metering is desirably provided. In the case
of a dropper or ©pipette this may be achieved by
administering an appropriate, predetermined volume of the
solution or suspension. In the case of a spray this may
be achieved for example by means of metering atomising

30 spray pump.

Administration to the respiratory tract may also
be achieved by means of an aerosol formulation in which
the Dbiologically active compound 1is provided 1in a
pressurised pack with a suitable propellant, such as

35 chloroflurocarbon (CFC), for example
dichlorodifluoromethane, trichlorofluoromethane or

dichlorotetrafluoroethane, carbon dioxide or other



25 an inert base such as gelatin or sucrose and gum acacia; and mouthwashes comprising the active
ingredient in a suitable liquid carrier. Formulations suitable for rectal administration may be presented
as suppositories. Suitable excipients 30 include cocoa butter and other materials commonly used in
the art, and the suppositories may be conveniently formed by admixture of the biologically active
compound with the softened or melted carrier(s) follow@4 by chilling and shaping moulds. 35
Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams,
gels, pastes, foagms ek sprays gantaining inaddition tathe - Zh biladisallyactive compaundrsuch
excipients as areSI%nlprl\énc gn H]Ee ar{tJ Eqabeaappj}()e%rilatt%iﬁor intrﬁr;gsag or éntrgguln}%]g% ggrlpiqi%tﬁtion,
the formulations may be administered in the Torm of a5 solution of a suspenslloon orasa dtry powder.
Solutions and suBgehdienSRilFgererany be afirsbbz il exanisié st&tle 67 pyfogen-free water) with
a physiologically acceptable caisalvenitforexamples etbanglopropylene glyeel oppelyetiytene glycols

such as 10 PEG4Q0) 'f(%lfﬁh %@“ééonégrlé sysheRsions-may addionally, coptawn pther excipiepts for

example preservatives (such as benzalkonium chloride), solubilising agents or surfactants such as
polysorbates (eg?PHeBHED, Shan 8b, 15WdriZafkonidii EhforideY 2 frerifigayerltsS, iscRARTE
adjusting agents $for examples sadium chlerde), tabsaspticni @mhaacershart-visgositycenhesicess.

Suspensions may.cadditionally comtain,suspending.agenss (for example pmicrocrystalling, celllose,
carboxymethyl celjulose 20 sodium). solutionsar suspensions may be applied directly iy,
10 The powder composition may be presented in unit dose form,
for example in capsules or cartridges of eg. gelatin, or
blister packs from which the powder may be administered by
means of an inhaler such as Diskhaler (Trade Mark of
GlaxoSmithKline) or meter dose aerosol inhaler.
15
Other Excipients
A person skilled in the art would know which
other excipients could be included in the formulation.
The choice of other excipients will depend on the
20 characteristics of the Dbiologically active compound and
the form of administration used. Examples of other
excipients include solvents, thickeners or gelling agents,
surfactants, buffers, emollients, sweeteners,
disintegrators, flavours, colours, preservatives,
25 fragrances, electrolytes, film foaming polymers and the
like. Suitable sweeteners include sucrose, lactose,
glucose, aspartame or saccharin. Suitable disintegrators
include corn starch, methylcellulose, polyvinylpyrrolidon,
xanthan gum, bentonite, alginic acid or agar. Suitable
30 flavours include peppermint oil, oil of wintergreen,
cherry, orange or raspberry flavouring. Suitable
preservatives include sodium, benzoate, vitamin E,
alphatocopheryl, ascorbic acid, methylparaben, propyl
paraben or sodium bisulphite.
35 Typical excipients for the formulation of the
present invention include gelling agents such as carbomer

(Carbopol) which is a carboxyvinylpolymer, preservatives



to the nasal cavity by conventional means, for example with a dropper, pipette or spray. The
formulations may be provided in a single or multidose form. The latter case 25 means of dose
metering is desirably provided. In the case of a dropper or pipette this may be achieved by
administering an appropriate, predetermined volume of the solution or suspension. In the case of a
spray this may be achieved for example by means of m&®ering atomising 30 spray pump.
Administration to the respiratory tract may also be achieved by means of an aerosol formulation in

which the biologically active cempaungisimexided inarpressyrsedpack with aysuitableprepeljant,

such as 35 chlorofluroc§rbon Q%I%C}i fqrgéam Olgi%lchI%rgd|fluortometha<{1e,btlrll%l%loroflu%rgg}lethgge or

dichlorotetrafluorgéﬁ%%e, darbon dioxide or other - 24 SU|Pa7b?€g§s. The aerosolerﬁay conveniently
also contain a s\iPattaft stieklasfecithin. The'dos€ B pRafraceulicel nisy bei@itidlledBy ptdvision
of metered valveaAbermmatively tbe gopypoubds may be provided in 5 the form of a dry powder, for
example a pgwder mix of the compound in a suitable powder base such as lactose, starch, starch

derivatives such as hydroxypropylmethyl cellulose and palyvinylpyrrolidine (PYP). Conveniently the
powder carrier w |']‘8FYrﬁ%Sg£? the filf} I'c%git}rﬁ)aé]ﬁép Ebé)ae? EoﬁﬁﬂgHi‘i)étrﬁgfﬂ be presented in unit
dose form, for example in capShtes procartridges of eqrigetating oy blister packs from which the s
powder may be adrpipistered by means otan inhalgr such ag Riskhaler (TradecMarkafosphate

GlaxoSmithKline) or meter.dose aerosol inhaler. 15 Other Excipients Ahpersqn skilled in the agt would
e alcono en

know which otheree%&c?f) St BOuf e RERREH the formitatidn and 't
10 adding water. The formulation is then prepared by adding

the biologically active compound to the carrier at any
step of the process for preparing the carrier.

Generally the alcohol 1is heated to temperatures
of 55°C or more and the electron transfer agent phosphate

15 derivatives are dissolved in the alcohol. If the
biologically active compound i1is soluble in the alcohol,
then this is added when the electron transfer agent
phosphate derivatives and alcohols are combined and the
balance of the formulation is made up of water.

20 The other excipients such as gelling agents,
preservatives and buffers may be added during any step of
the process, usually after addition of the water.

The components of the carrier and formulation may
be combined wusing any suitable known mixing technique,

25 such as, for example, shaking or vortexing.

Detailed Description of the Drawings
The examples will be described with reference to
the accompanying drawings in which:
30 Figure 1 is a graph showing mean PTH
concentration in rat plasma.

Figure 2 is a graph showing the distribution of

radicactivity in rat organs following topical
administration of transdermal TPM-I'?°-Insulin.
35 Figure 3 1s a graph of insulin 1levels 1in rat

serum.



The choice of other excipients will depend on the 20 characteristics of the biologically active
compound and the form of administration used. Examples of other excipients include solvents,
thickeners or gelling agents, surfactants, buffers, emollients, sweeteners, disintegrators, flavours,
colours, preservatives, 25 fragrances, electrolytes, film foaming polymers and the like. Suitable
sweeteners include sucrose, lactose, glucose, aspartard€ or saccharin. Suitable disintegrators
include corn starch, methylcellulose, polyvinylpyrrolidon, xanthan gum, bentonite, alginic acid or agar.
Suitable 30 flavours include peppgrmint ail, gik of windergreen o eherns orange £f saspheky dlavoyring.
Suitable preservgii\(/)%sdinclugg1 ngtsjieum,(t:)gn%gatg vi%amin E, fglﬁ)pg%)lcg her Eag(%orebrilccaciqdi ¢
methylparaben, propyl parg en or sodiumnblsﬁ]lpﬁﬁe.lfg]Typlca excipients for e formulation olf[the
present inventiontihieRiIdgeling agenits SticH asafomer (Carbopol) which is a carboxyvinylpolymer,
preservatives - 25 such as methylparaben, butyl paraben, ethyl paraben, propyl paraben and sodium
benzoate ang bufig s sodium hydroxide. The excipients may be present in an amount up to
about 5%. 5 Process for Preparing the Carrier or Formulation The process for preparing the carrier
involves combining the electrofffraRSfer SRRACHRSEPhaE TRFVASVEL o EsmpIR%ES tHEHBolWitth the
alcohol and thenri®vadding water.riitresfbrmulation issthenspreparec by tadeling cthé dlogicatly aetive
compound to the cagrier; al any: step fthe process for preparing the carrier. Generally the alcohol is
heated to temperatures of 55C or more and the electron transfer agent phosphate 15 derivatives are
dissolved in the alcohol. If the
10 Example 1
This example investigates the transdermal uptake
of human parathyroid hormone (fragment 1-34) (PTH) using a
formulation according to the invention.

Materials and methods

15 The test formulations were prepared as follows.

All percentages are w/w.

Ingredient TPM-01/PTH TPM-02/PTH
PTH- (1-34) (American Peptide, | 0.1% 0.1%
USA)

o°
H
o°

A mixture of the acid forms of |1
phosphorylated tocopheryls (TPM)
containing TP:T,P in a 2:1
ratio. TP refers to the
monophosphate ester of o-
tocopheryl and T,P refers to di-
tocopheryl phosphate.

Ethanol - 20%
Carbopol 0.4% 0.75%
Methylparaben 0.1% 0.1%

Water gs to 100% gs to 100%




biologically active compound is soluble in the alcohol, then this is added when the electron transfer
agent phosphate derivatives and alcohols are combined and the balance of the formulation is made
up of water. 20 The other excipients such as gelling agents, preservatives and buffers may be added
during any step of the process, usually after addition of the water. The components of the carrier and
formulation may be combined using any suitable know hixing technique, 25 such as, for example,
shaking or vortexing. Detailed Description of the Drawings The examples will be described with

reference to the accompanyingdrawings i whicty; 30 Figure 1lais sography showing meaniRlida 1
concentration in rat plasma. Figure 2 is a graph showing the dijstribution of radioactivity in rat organs
following topical %%%ﬁﬁ%ﬁéﬁgn gﬁ%&n@deﬁ%ﬁ%%ﬂ%-fﬁé&%ﬂ 35 (Iirl}élljrse 3 %%lﬁﬁa% ég)f %nt%%ﬁn

levels in rat seruf® 126 Figlired isa fRtbh of the average change in blood glucose concentration
following treatment with transdermal insulin (Lispro). 5 Examples Various embodiments/aspects of the
invention will now be described with reference to the following non- limiting examples. 10 Example 1
This example investigates the transdermal uptake of human parathyroid hormone (fragment 1-34)

(PTH) using a formulation according16 TR hventior? Materals had Wictodsth Fie-fest folRtiftions
were prepared as folldws] YAlbpercentages are wgwrment groups (Groups 1 and 2, n =

6) and housed in individual Dboxes to prevent their
housemates from licking the formulation from their backs.

10 Treatment groups:

° Group 1 - 100mg of TPM-01/PTH / 200g body weight
twice daily for 24 hours.
° Group 2 - 100mg of TPM-02/PTH / 200g body weight
twice daily for 24 hours.

15 Rats were anaesthetized, weighed and a region of
~5 x 4cm immediately below the neck was shaved. Rats were

tail bled while under anaesthesia and plasma collected to
determine the level of PTH before the commencement of
treatment. Beginning the following day, the appropriate
20 dose of formulation for each rat was weighed out and
massaged into the rat’s skin wusing a gloved finger.
Formulation was applied to Groups 1 and 2, twice daily
(morning and evening) over 24 hours. At the completion of
the treatment period, rats were killed by CO, asphyxiation
25 and bled by heart puncture.

Analysis of PTH in plasma: Plasma was separated
from the collected blood by centrifugation and stored at -
20°C until analysis. Levels of PTH in rat plasma was
analysed wusing the Human Bioactive PTH 1-34 ELISA Kit

30 (Immunotopics Inc., USA) as per the manufacturer’s

instructions.

Results
Mean PTH levels detected in plasma are summarized
35 in Figure 1.
Twice daily application of TPM-01/PTH produced a

significant (p<0.05%) increase in the amount of PTH



Ingredient TPM OI/PTH TPM 02/PTH PTH-(1-34) (American Peptide, 0.1% 0.1% USA) A mixture of
the acid forms of 1% 1% phosphorylated tocopheryls (TPM) containing TP:T2P in a 2:1 ratio. TP
refers to the monophosphate ester of a- tocopheryl and T2P refers to di- tocopheryl phosphate.
Ethanol - 20% Carbopol 0.4% 0.75% Methylparaben 0.1% 0.1% Water gs to 100% gs to 100% - 27
The TPM-02/PTH formulation was a colloidal suspensi@®which looked like milk. This indicated that
vesicles had formed. 5 Treatment Sprague-dawley rats (10-12 week old males) were randomly

assigned to treatmégfwmi@mwps panehd, Nar 6 aAnghoused i indivigheal boxesstenprevent; their
housemates fro Ckl the formulation from their b 10 Tr atm roups; Group 1.- 100mg of
body i Hoes. B 7 SAGg ot B SR T 1200y

TPM-01/PTH /2 Welgﬁt twice d%ﬁy?or hours. “Group mg of
body weight twicje%l’ﬁ%/ fok24 hBGrs. U5 Ra& wEre AR&EsthetizBY! Weighed and régioanlfaW%m
immediately beloneiheaieaknnas shavesk Rats wese tail blecbwhile dnder. anaesthesia and plasma

collected to 5determlne the Iev%mfé%Tlég§ﬁ%e é%epgqrgglceln&gmgpt QfPMeSIEV%'% Bﬁggl&r&@e

following day, the appropriate 20 dose of formulation for each rat was weighed out and massaged into
the rat's skin uswﬁglg@idg\)ﬂeﬂaﬁhber (p<0.05*) increase in the” amount of
present within plasma after 24 hours. This increase (1185

pg/ml) represents 7.7% of the total dose, and a 70%
improvement over the TPM-01/PTH formulation.
10 *Results of student’s t-test
Transdermal treatment with TPM-02/PTH increased
the levels of PTH in rat plasma indicating that the TPM
was able to enable the absorption of PTH-(1-34) across the
skin over 24 hours, significantly elevating circulating
15 PTH plasma levels compared to untreated controls. 72
hours after treatment, the plasma levels of PTH had
returned to basal levels.
Reported studies show that following subcutaneous
injection of therapeutic amounts (25 ug/kg body weight),
20 PTH levels 1n rat plasma peak ~40-60 minutes after
injection, and are completely turned over within 4 hours.
Although applied topically, the rats in this study
received a much larger dose (500 pg / kg body weight).
Given the rapid rate of PTH turnover, it 1is reasonable to
25 conclude that the high 1levels of PTH remaining 24 hours
after the initial application represent only a small
percentage of the total dose received. The effective dose
produced by topical application of the TPM formulations
would therefore be much larger than the levels of PTH

30 measured after 24 hours.

Conclusions
Although both the TPM-01 and TPM-02 formulations
were effective at delivering PTH, TPM-02/PTH delivered 70%
35 more PTH to the circulatory system than TPM-01/PTH. The

formulation according to the invention is more effective



Formulation was applied to Groups 1 and 2, twice daily (morning and evening) over 24 hours. At the
completion of the treatment period, rats were killed by CO2 asphyxiation 25 and bled by heart
puncture. Analysis of PTH in plasma: Plasma was separated from the collected blood by
centrifugation and stored at - 20C until analysis. Levels of PTH in rat plasma was analysed using the
Human Bioactive PTH 1-34 ELISA Kit 30 (Immunotopic€$hc:, USA) as per the manufacturer's
instructions. Results Mean PTH levels detected in plasma are summarized 35 in Figure 1. Twice daily
application of TPM;OLBTH predHgeda tsigrificant {px;85™3 increasedn theramaury ok Hend&
present within plasma a{tg&%g hours. Mean plasma PTH levels were increased by 685 pg/ml relative
to the basal levelin the untreatéd rats. This increase in plasma represents 4.5% percent of the total
dose. 5 Twice daily application of TPM-02/PTH produced a significant (p<0.05*) increase in the
amount of PTH reamptwitlin plasma after 24 hours. This increase (1185 pg/ml) represents 7.7% of
the total dose, and a 70% mpmgegng@tg}/gg t%gg%g%/gT%@r?y@é@gtlggngltfoqfﬁuq)eﬁt's

t-test Transdermal treatment with TPM-02/PTH increased the levels of PTH in rat plasma indicating

that the TPM wa® ablé&fs ERZbIBThe aBsorptié?8? PTRSAREH At oss RO SKiRver 24 hbtiFeire
significantly elevdtimgncitcutating 160RTHs plasatadllenéls cempared tooumtreated coatrals.ci2 diougs after
treatment, the plasmadguels;of RHH had. returngd tochasal levelsReporied studigs shaw that 55
following SUbCUt&g‘ggfa |njec{|§n of Tt%%r?peutll% gmouentt_il ZHSOLig/kg blogy Weclgl‘]}%,o bol, 0.1

10 methylparaben, QS MilliQ.
Fquipment and materials

Ethanol (AR grade)
MilliQ water

15 Co-enzyme Q (Kaneka)
Tocopheryl phosphate mixture (TPM) containing tocopheryl
phosphate (TP) and di-tocopheryl phosphate (T2P), in a
ratio of 2:1 w/w (Phosphagenics Ltd).
Carbomer 934P USP powder (Croda Surfactants Ltd)
20 Methylparaben BP powder (Bronson & Jacobs)
1M Sodium hydroxide (NaOH)
Balance (Mettler AE 240)
Falcon tube
100 ml plastic specimen container
25 Water bath 70°C
Multi-Vortex

Procedure
1. Weighed accurately 0.5 g of CoQ into a 50ml
30 Falcon tube.
2. Weighed accurately 1 g of TPM into the same 50ml
Falcon tube.
3. Weighed 10 g (not ml) ethanol 1into the tube.
Capped tightly and mixed.
35 4., Heated in a 70°C water bath to help dissolve/melt
the components. Shaked by hand every few minutes until

both CoQ and TPM had dissolved. Left 1in heat until



20 PTH levels in rat plasma peak -40-60 minutes after injection, and are completely turned over within
4 hours. Although applied topically, the rats in this study received a much larger dose (500 ug / kg
body weight). Given the rapid rate of PTH turnover, it is reasonable to 25 conclude that the high levels
of PTH remaining 24 hours after the initial application represent only a small percentage of the total
dose received. The effective dose produced by topical @@plication of the TPM formulations would
therefore be much larger than the levels of PTH 30 measured after 24 hours. Conclusions Although

both the TPM-01aeiERM-02 farmulations: yere effestivierat dedivering (RkH R M-@2{P B delbered
70% 35 more PTH to th%%rcu t%rglosré{sgeorgﬂann TPM-01/PTH. The formulation according to the
invention is more effective - 29 in te ivering actives through skin and into the systemic circulation.
Example 2 5 Thi®method des&isesthabrodietibn M 100aM of HEB-enzymeé D TEoQyRROPRER/I
phosphate mixtures fiersmiulattan for sghsequenytusa in farmulatiansdaccotding tiorthe ftention. The

final formulagion ¢ontains 0.5% C0Q1Q,, 1% TEM, 10% ethanol, 1% carbopol, 0.1% 10
methylparaben, QS MilliQ. Equipment and materials Ethanol (AR rade) MilliQ water 15 Co-enzyme
BN

Q (Kaneka) Tocopheryl phosphate-mtkturefrPM) 2BAtERing t HerY phospitate (THY ARG
di-tocopheryl phasphate: (K2 P)ninca tlatioldf 211 wiw (Phosphagenics Ltd). Carbomer 934P USP

powder (Croda Surfactants Ltd), 20 MethylparebenBR powdes(Bronson,&-1acghsh v by hand
to mix the components. The formulation had an opaque,
10 yvellow appearance. Vortex for 5 minutes.
8. Weighed accurately 1g of Carbopol and 100mg of
methylparaben into a weigh boat. Added gradually to
CoQ/TPM solution, with vigorous vortexing between each
addition. Heated the sample in the 70°C water bath for
15 short periods to help the samples to dissolve.
9. Once all carbopol/methylparaben had been added,
vortexed until the components achieve an even consistency,

although at this stage it had not formed a gel.

10. Added 3 ml 1M NaOH, cap and shake vigorously.

20 11. If the formulation had not formed a gel, checked
the pH. Carbopol will form an optimal gel between pH 7-8.
12. Repeated steps 10 and 11 until a gel of the
desired consistency was formed.
13. If necessary, made up to 100 g with MilliQ.

25 14. Vortexed for a further 5 minutes.
15. Wrapped container in foil to prevent

photodegradation of CoQ.
16. By the next day, any remaining lumps of

undissolved carbopol will have absorbed water from the

30 formulation and formed clear pockets of gel. Shaked
vigorously until the formulation assumed an even
consistency.

The formulation was a colloidal suspension which
looked 1like milk. This indicated that vesicles had
35 formed.



1M Sodium hydroxide (NaOH) Balance (Mettler AE 240) Falcon tube 100 ml plastic specimen
container 25 Water bath 70C Multi-Vortex Procedure 1. Weighed accurately 0.5 g of CoQ into a
50m1 30 Falcon tube. 2. Weighed accurately 1 g of TPM into the same 50m1 Falcon tube. 3.
Weighed 10 g (not ml) ethanol into the tube. Capped tightly and mixed. 35 4. Heated in a 70C water
bath to help dissolve/melt the components. Shaked by Band every few minutes until both CoQ and
TPM had dissolved. Left in heat until - 30 needed. At this concentration CoQ, precipitated out of the
ethanol upon codtirgmp & easured 80ml MilliQ into a 100ml specimen container. Capped tightly and
placed in water bath for5 5 m%;Jtes to warm the. Water 6. P%ured thle h%ated C % PM/ethCa oI
solution directly into the Milli (s:appegl?mmeéla\{eﬁy an% Shake V|gorously to m|x Re
components. TheforfgrEidNTRd @hbpaGael 10 yelfovi appeafarices %Fté%or@ﬁﬂﬁﬁé@%. to
Weighed accurateheld af,eathaopol and 100mg of methylparaben into a weigh boat. Added gradually
to CoQ/TPM solution, with vigorous vortexing between each addition. Heated the sample in the 70C
water bath for 15 short periods to help the samples to dissolve. 9. Once all carbopol/methylparaben
had been added nts achieve an even consistency, although at this stage
it had not formedfacgelhol (AR grade)

MilliQ water (in-house supply)
Tocopheryl phosphate mixture (TPM) containing tocopheryl
10 phosphate (TP) and ditocopheryl phosphate (T2P), in a
ratio of 2:1 w/w (Phosphagenics Ltd).
Co-enzyme Q (CoQ) (Kaneka, Japan)
Nivea Visage® Anti-wrinkle Q10 Day Care (Beiersdorf)
Carbomer 934P USP powder (Croda Surfactants Ltd)
15 Methylparaben BP powder (Bronson & Jacobs)
IM Sodium hydroxide (NaOH)
Balance (Mettler AE 240)
Falcon tube
100 ml plastic specimen container
20 Water bath 55 °C
Multi-Vortex

Test formulations
CoQ Control: The CoQ Control formulation was

25 used to assess the amount of CoQl0 able to penetrate the
skin in the absence of TPM. Contents: 0.5% CoQl0 (Kaneka,
Japan), 10% ethanol, 1% carbopol, 0.1% methylparaben, made
up to 100% with water.

Weighed 0.5 g of CoQl0 into a 50ml Falcon tube.

30 Added 10 g ethanol using the benchtop balance. Capped
tightly and mixed. Heated in a 55°C water bath to help
dissolve/melt the CoQ. Left in heat until needed. At
this concentration CoQ precipitated out of the ethanol
upon cooling. Measured 80 ml of water into a 100 ml

35 specimen container. Poured the heated CoQ/ethanol
solution directly into the water. Capped immediately and

shaked vigorously by hand to mix the components. Vortexed



10. Added 3 ml 1M NaOH, cap and shake vigorously. 20 11. If the formulation had not formed a gel,
checked the pH. Carbopol will form an optimal gel between pH 7-8. 12. Repeated steps 10 and 11
until a gel of the desired consistency was formed. 13. If necessary, made up to 100 g with MilliQ. 25
14. Vortexed for a further 5 minutes. 15. Wrapped container in foil to prevent photodegradation of
CoQ. 16. By the next day, any remaining lumps of undi8€olved carbopol will have absorbed water
from the 30 formulation and formed clear pockets of gel. Shaked vigorously until the formulation

assumed an ever sgonsistengy. Ehe formulationrwas @ collpidalsuspensioywhichs jooked like mjlk.
This indicated that vesi.cies had 35 formed. - 31 - E)éam le 3 Thig examPIe in¥ stisgates the
oY und t ntainer. %1 cannot. b

transdermal uptaﬁre1 &lco%nzyr%rel(ﬁlor(]dj(gQ%)ousmg a formulation according to the invention.

Materials and metReds Ethatior (ARCgrade Millockatet tin-Relise supply) Tesdidheryl phosphate
mixture (TPM) containingctotopheryy 1@ phosphated(dP) andi ditocophesyl pliospbatey(T22) alben ratio

of 2:1 wiw ('%hos%%%enécsdzéq)%k?%% me Qo) (Kaneka. Japan) Nivea,Visage(r) SAntlwrnkle
Q10 Day Care (Beiersdorf) Carbomer 934P USP powder (Croda Surfactants Ltd) 15 Methylparaben

BP powder (Brori$dh'&t J&tdbs)” M Sotlidr i oNide aCH) BEMRCe (MéttRPAE 24Dy this
stage it will not have formed a gel. Added 3 ml 1M NaOH,

capped and shaked wvigorously. If the formulation had not
formed a gel, checked the pH. Carbopol will form an
10 optimal gel between pH 7-8. Repeated the addition of 3ml
IM NaOH, shaked and checked pH until a gel formed. If
necessary, make up to 100 g with MilliQ. Vortexed for a
further 5 minutes. Wrapped container in foil to prevent
photodegradation of CoQ. By the next day, any remaining
15 lumps of undissolved carbopol will have absorbed water
from the formulation and formed clear pockets of gel.
Vortexed vigorously until the formulation assumed an even
consistency.
TPM Control: The TPM Control formulation was
20 used to determine the effect of TPM on endogenous CoQl10
levels. Contents: 1% TPM, 10% ethanol, 1% carbopol, 0.1%
methylparaben, made up to 100% with water. No CoQl0 is
present in this formulation.
Weighed 1g of TPM into a 50ml Falcon tube. Added
25 10 g ethanol using the benchtop balance. Capped tightly
and mixed. Heated 1n a 55°C water Dbath to help
dissolve/melt the TPM. Left in heat until needed.
Measured 80 ml of water into a 100 ml specimen container.
Poured the heated TPM/ ethanol solution directly into the
30 water. The formulation immediately gained a milky
quality. Capped immediately and shaked vigorously by hand
to mix the components. Vortexed for 5 minutes. Weighed
accurately 1 g of Carbopol and 100 mg of methylparaben
into a weigh boat. Poured into formulation and vortexed
35 until an even consistency was achieved, although at this
stage it will not have formed a gel. Added 3 ml 1M NaOH,
capped and shaked wvigorously. If the formulation had not



Falcon tube 100 ml plastic specimen container 20 Water bath 55 C Multi-Vortex Test formulations
CoQ Control: The CoQ Control formulation was 25 used to assess the amount of COQ10 able to
penetrate the skin in the absence of TPM. Contents: 0.5% COQ10 (Kaneka, Japan), 10% ethanol,
1% carbopol, 0.1% methylparaben, made up to 100% with water. Weighed 0.5 g of COQ10 into a
50m1 Falcon tube. 30 Added 10 g ethanol using the he®dhtop balance. Capped tightly and mixed.
Heated in a 55C water bath to help dissolve/melt the CoQ. Left in heat until needed. At this
concentration Cof),pracipitatedyut of theethanrpl upen gaoling. Measisgd 80 i of water-into 2,100
ml 35 specimen container. Po eqit%e heated CoQ/ethana] solution, directly int .tge water. Capped
immediately and Oéonnca]k%?:livigqoelrgusﬁ v%%rrlld%? m%(_%"l'e cc?rine oenae% sd. \}[b‘?}teexgg1 833 for SOr%ingﬁeEs.
Some COQ10 cahife dladt solgtiskIorning afltiysrangeting Hrédndthed€dntdifér This carriot be
avoided due to thesinseluble/naturedef CRQLL Weighegl adautatelytleg of Carbopelkant Hr-mg of
methylparaben 5o, weioh bpat fauted inip foppuiation apd iorexad, uatl,an ayen posistancy

was achieved, although at this stage it will not have formed a gel. Added 3 ml 1M NaOH, capped and

shaked vigorousK™f tRE fstRft Gt orPRad ot Fofned &Yel FofeckEd the i C&BBpdI St 8t dn 10
optimal gel betwdempH 7-8f Repedied theradditioarddGnall 1M NaOHhsvakedand chedked ptuntil a

gel formed. If negessary, makerup 4Q,190 gowith MilliQ.r¥ertexed &r@afurtﬁ%ﬁé‘f&igm% W(%qped
container in foil to reventophotodelgradﬁtion of C,olQ. EF%/ th% next Ta)é,_anr}/ remainingl 15 Iqu]s of
g 5 %§ thie atio en

undissolved carb\é 5F\f/fﬁ%av\e7%% V\\?at]éPtl crmu assumed an €

10 consistency.
TPM-02/CoQ: The TPM-02/CoQ formulation according

to the invention was prepared as set out 1in Example 2
above. Contents: 0.5% CoQl0, 1% TPM, 10% ethanol, 1%
carbopol, 0.1% methylparaben, made up to 100% with water.

15 Nivea Visage® Anti-Wrinkle Q10 Day Care
(Beiersdorf, Germany): Nivea Visage® is a commercially
available facial cream advertised as an effective source
of CoQl0 for skin. As the exact CoQl0 content is unknown,
the Nivea Visage® was compared with the TPM-02/CoQ on a

20 weight-by-weight basis. Contents: Unknown

Treatment Groups

Sprague-dawley rats (10-12 week old males) were
purchased from Animal Services, Monash University and
25 acclimatised to the Departmental Animal House for a
minimum of 5 days before the treatments commenced. Animals
were randomly assigned to treatment groups (n = 6), and
housed 1in individual boxes to prevent their housemates
from licking the formulation from their backs. Food
30 (standard rat laboratory pellets; Barastoc, Australia) and
water were provided freely.
Group 1 - Untreated
Group 2 - 100mg of CoQ Control / 200g body weight twice
daily for 24 hours
35 Group 3 - 100mg of TPM Control / 200g body weight twice
daily for 24 hours



from the formulation and formed clear pockets of gel. Vortexed vigorously until the formulation
assumed an even consistency. TPM Control: The TPM Control formulation was 20 used to determine
the effect of TPM on endogenous COQ10 levels. Contents: 1% TPM, 10% ethanol, 1% carbopol,
0.1% methylparaben, made up to 100% with water. No COQ10 is present in this formulation.
Weighed Ig of TPM into a 50m1 Falcon tube. Added -253#0 g ethanol using the benchtop balance.
Capped tightly and mixed. Heated in a 55C water bath to help dissolve/melt the TPM. Left in heat

until needed. Measgrgd 80 ml of waley inke a $080 mispesinen containeroBoured the heated FEM/
ethanol solution %ire%l i@té)rthggqlwater. The formulation immediately gained a milky quality. Capped
d

immediately and sha vigorously Byﬂ%nd to mix the components. Vortexed for 5 minutes. Weighed

accurately 1 g of @zBBpol and 100%eg of méifiggardber dnd £ReRjh Hoat B6urea fito férksliation
and vortexed 35 untilcan evern gorsistenay masrachieved, although at this stage it will not have formed

2 gel. Added;3 mk 1M NaQH.. capngd andshaked viagrausly. |f thedgrmulation hacqt- 33, farned a

gel, checked the pH. Carbopol will form an optimal gel between pH 7-8. Repéated the addition of 3ml
1M NaOH, snakétPand chécketpli Unfifa gel formed. If necessary, made up to 100 g with water.
Vortexed for a 5 furthep 5 inutés) Wiappéd Gontaifenintfoil to/previent photodegeaidgtion off Co€). By
the next day, anysremainipg-lunps, gfynadissolved carbopol will have absorbed water from the

formulation and formed clgar pockets of geé Vorte %vi arously_until the formulation assumed an
even 10 consisteﬁfc?}.lﬁ’Plél-OZ/C% The T Mr':%%éf) ?(%%uléstio#l}i of g}’ towﬁle%%&enﬁ"ovﬁ(\:/\?as
prepared as&et oitdin Exampld @ hours

Group 9 - 100mg of Nivea Visage cream® / 200g body weight

twice daily for 48 hours

Rats were anaesthetized, weighed and a region of

15 ~5 x 4cm immediately below the neck was shaved. Beginning

the following day, the appropriate amount of formulation

for each rat was weighed out and massaged into the rat’s

skin twice daily (morning and evening) over 24, or 48

hours, wusing a gloved finger. The formulation was

20 restricted to areas of the dorsal skin that the rat was
unable to reach while grooming.

Analysis of CoQl0 in skin and plasma: At the
completion of the treatment period rats were killed by
asphyxiation using CO; gas. Blood was removed by heart

25 puncture into heparinised collection tubes, and
centrifuged for separation of plasma. The area of shaved
skin was washed thoroughly with distilled water to remove
any unabsorbed CoQl0 remaining on the surface, and the
area excised. CoQ extraction from tissues and

30 qgquantitation by HPLC were performed essentially according
to the method of Aberg et al., (1992) Distribution and redox
state of ubiquinones in rat and human tissues. Arch Biochem
Biophys 295: 230-234.

35 statistical Analysis: Results are expressed as
mean * SD. A Student’s t-test was performed to determine

whether there were significant differences in the levels



above. Contents: 0.5% COQ10, 1% TPM, 10% ethanol, 1% carbopol, 0.1% methylparaben, made up
to 100% with water. 15 Nivea Visage(r) Anti-Wrinkle 010 Day Care (Beiersdorf, Germany) : Nivea
Visage(r) is a commercially available facial cream advertised as an effective source of COQ10 for
skin. As the exact COQ10 content is unknown, the Nivea Visage(r) was compared with the
TPM-02/CoQ on a 20 weight-by-weight basis. Contents32Jnknown Treatment Groups Sprague-dawley
rats (10-12 week old males) were purchased from Animal Services, Monash University and 25
acclimatised to therDepartmgntad AnimaltHeusetora rinimymeeint daysibefeie thedreatments e
commenced. Ani%naeI%1 vrvneerrelztrandgryl Sassigned to treatment groups (n = 6), and housed in individual
boxes to prevent ﬁeirﬁousemgi[es rom licking the formulation from their backs. Food 30 (standard rat
laboratory pellets; Barastoc, Australia) and water were provided freely. Group 1 - Untreated Group 2 -
100mg of CoQ Cratrali/200g body weight twice daily for 24 hours 35 Group 3 - 100mg of TPM
Control / 20Q@g body weight twicg, daily for 24,hours C%Zb {Groyp 45,100mg %JADM-ELOZ{%%Q £29Qg
body weight twice daily for 24 hours Group 5 - 100mg of Nivea Visage(r) cream / 200g body weight
twice daily for 24%bute §'Efoup 62 186 of CoQ Control / 200g body weight twice daily for 48 hours
Group 7 - 100mg of TPM Control / 200g body weight twice daily for 48 hours Group 8 - 100mg of
TPM-02/CoQ / 200g body weight twice 10 daily for 48 hours Group 9 - 100mg of Nivea Visage
cream(r) / 200g body weight

Mean CoQi, in plasma (ng/ml) Mean CoQ;p, in skin (ug7g)
Treatment 24 hours 48 hours 24 hours 48 hours
Untreated 27.67 + 4.97 - 0.24 £ 0.04 -
CoQ Control 35.00 + 6.45 36.33 £ 4.84 0.74 = 0.20 1.73 £ 0.27
TPM Control 33.67 £ 7.06 28.33 £ 5.79 0.32 £+ 0.02 0.61 £ 0.12
TPM-02/CoQ 59.33 + 16.47 42.33 = 8.80 6.13 = 0.98 10.59 + 4.08
Nivea Visage® 41.33 + 4.59 29.83 £ 6.18 0.38 £ 0.05 0.62 £ 0.11

10 Plasma
Twice daily application of TPM-02/CoQ to the
dorsal region of rats produced a significant (p<0.05)
increase 1in the amount of CoQl0 present within plasma
(Table 1I). Mean plasma CoQl0 1levels were increased by

15 114% (p<0.05) after treatment with TPM-02/CoQ relative to
the endogenous CoQ10 levels seen 1in the Untreated
controls. In contrast, the CoQ and TPM Controls were only
able to elevate mean plasma CoQl0 levels by 26% and 22%
respectively. Neither of the latter two increases

20 achieved statistical significance. Importantly, TPM-
02/CoQ significantly (p<0.05) elevated plasma CoQl0 levels
by 70% relative to the CoQ Control formulation Ilacking
TPM, evidence for the direct involvement of TPM with the
ethanol in the transdermal uptake of CoQl10.

25 Nivea Visage® increased plasma CoQl0 levels by
49% relative to the Untreated Controls after a single
day’s treatment. However, the amounts of plasma CoQl0
produced by Nivea Visage® were significantly 1less (44%;

p<0.05) than those produced by treatment with TPM-02/CoQ.



twice daily for 48 hours Rats were anaesthetized, weighed and a region of 15 -5 x 4cm immediately
below the neck was shaved. Beginning the following day, the appropriate amount of formulation for
each rat was weighed out and massaged into the rat's skin twice daily (morning and evening) over 24,
or 48 hours, using a gloved finger. The formulation was 20 restricted to areas of the dorsal skin that
the rat was unable to reach while grooming. Analysis 0B806©10 in skin and plasma: At the completion
of the treatment period rats were killed by asphyxiation using CO2 gas. Blood was removed by heart
25 puncture into heparinised collection tubes, and centrifuged for separation of plasma. The area of

shaved skin was washed thorqughly with distilled rto.r ve any unabsorped C 0
remaining on the surface, and ﬁe% a%ggrg(cigéﬁh C %x r%cﬁ%%fr&ﬁ%élsgésc %rﬁg%% qﬁ%?%ifa%%% by
HPLC were perforfetFessenti& acnding totheé methyd 6F ABErg et al, @992 Distribtfiort Afd

redqx state of utﬁqwiﬁan@sqinmamm huraan dissyes. Areh Bigcheou Biophtys295n23@-234. 3%.d
Statistical Aralysjs: Results ares expressed as meap, 30 Atudent'sitest was performed 1o,

determine whether there were significant differénces in the levels - 35 of CoQ extracted from both the

plasma and skin PRveE th& Hreaieht Grbtke REsUREE TaKREN - MEHPCIET6 feveldin pREa
and skin followingnireatmentrear CoQ20 in plasnid thgfmb) MeatACQ2@ i skim G gfd)] Freatmient

24 hours 48 hour§524ébohoq{§ 48 ours, JJntreated Zﬁ@lé.ws-i%.gﬂf@%go()(gggtr9535.001}}@@45

3.33}4.84 0.74) 0201731 027, [PM Conrol 3367 17,06 26.33)5,19 037,002 G81) 047

10 Control may seem to be of little interest. TPM-02/CoQ
produced increases in mean skin CoQl0 relative to the CoQ
Control of 728% and 512% after 24 and 48 Thours
respectively.

Mean skin CoQ10 levels were significantly

15 (p<0.05) increased (1513%) by TPM-02/CoQ after 24 hours
compared to the Nivea Visage®, which failed to
significantly elevate skin CoQl0 levels above those seen

in the other control formulations.

20 Conclusion
The TPM/ethanol formulation enhanced the

solubility and subsequent absorption of CoQl0 across the
skin, significantly elevating plasma and skin CoQl0 levels
compared to control formulations which include a
25 commercially available cosmetic source of CoQ10.
Formulating compounds with a TPM/ethanol formulation
according to the invention has enormous potential for the
topical application and absorption of molecules known to
have poor oral biocavailability, skin specificity or

30 adverse side-effects that manifest during digestion.

Example 4
A formulation containing insulin was prepared as
set out 1in the description above. The details of the

35 formulation are as follows:



TPM-02/CoQ 59.33, 16.47 42.33 , 8.80 6.13, 0.98 10.59 , 4.08 Nivea Visage(r) 41.33 } 4.59 29.83 }
6.18 0.38 } 0.05 0.62 } 0.11 10 Plasma Twice daily application of TPM-02/CoQ to the dorsal region of
rats produced a significant (p<0.05) increase in the amount of COQ10 present within plasma (Table 1)

. Mean plasma CoQ10 levels were increased by 15 114% (p<0.05) after treatment with TPM-02/CoQ
relative to the endogenous C0Q10 levels seen in the-URtfeated controls. In contrast, the CoQ and
TPM Controls were only able to elevate mean plasma CoQ10 levels by 26% and 22% respectively.

Neither of the I3

tter two increaggeg 2l ashieved statistical

significance Timpostantiy1 M- 02/CoQ

significantly (p<

0 05}J§Ievated plasma CleO levels by

9(@ relatlve to fthe E:OQ Control formulati

lacking TPM, e
of CoQ10. 25N
Controls after a
Visage(r) were

36 - Skin Treatrn
skin by 2454%
endogenous ley

ived Visag (Ffimtieadsd plashta CoQ10

sighificantly less (44%:: p<0405)-than thos
nent V}Illth

IUBIILU IUI LhU UIIELL IIIVUIVUIIIUIII. UI I I"I
singlehday'sstreerentriewever, the am

mob0G0Q significantly (p<O.
n the first 24 hoursé Table I). By 48 hour

I8 IY Lontradt th& CSO drvd TPR Contr

| VVII.II LIIU Ullld.lIUI T LIIU trar IbUUIIIId.I U[JLC

se produced by treatment with TPM-02/C
05) increased endogenous C0Q10 levels
5 this increase had 5 risen to 4312% of

ols elevated mean skin C0Q10 levels by

elels by 49% relative to the Untreated
ounts of plasma CoQ10 produced by Ni

on

ke

vea

hQ. -

5 in

cant

208% and 33%
(p<0.05), the m
of little interest.
728% and 512%

respectively mrdse!firse 24 hours, and 62
aghitude of the increase following treatm

T@%Qgggogg 4produced increases in me

o after 24 and 48 hours
Water

% and 154% by 48 hours. While signifi
epns with the TPM 10 Control may seem tg
an.skin COQ10 relative to the CoQ Contr

D be
ol of

gs to 100%

Example 5

This example investigates the transdermal

delivery of insulin formulated with TPM.

FORMULATION COMPONENTS LISPRO, human analogue of insulin (Eli

Lilly)
Bovine Insulin (Sigma)

3-['?°I]iodotyrosyl Al4) insulin, human

recombinant (Amersham Biosciences, Code
IM166, Batch B0602) (**°I-insulin)
TPM - mixed o-tocopheryl phosphate (TP) and

di-tocopheryl phosphate (T2P; 2:1)

DOSAGE FORMULATION 32.5 U LISPRO per kg of body weight

COMPONENTS 10 U bovine insulin per kg of bodyweight

125

I-insulin (human recombinant; 400nCi) per

rat

2% TPM formulation

Experiments 1 to 3

s Dawl t
ANIMAL MODEL prague bawiey rats

Sex: male

SPECIFICATIONS
Body weight range: 220 - 450 g

Age: 10 - 12 weeks

Experiment 4

ANIMAL MODEL Pigs




respectively. Mean skin C0Q10 levels were significantly 15 (p<0.05) increased (1513%) by
TPM-02/CoQ after 24 hours compared to the Nivea Visage(r), which failed to significantly elevate
skin COQ10 levels above those seen in the other control formulations. 20 Conclusion The
TPM/ethanol formulation enhanced the solubility and subsequent absorption of COQ10 across the
skin, significantly elevating plasma and skin C0Q10 levél8 compared to control formulations which
include a 25 commercially available cosmetic source of C0Q10. Formulating compounds with a
TPM/ethanol formulation accdrdiag to #erimvention Rapenomeousspoteatial forathedtapicad application
and absorption of melecules knqun toyliave popr oral bigavailahility. skin specifigity or, 30, advetse
side-effects that manifest during digestion. Example 4 A formulation containing insulin was prepared
as set out in the Hegerption abd\iel The detaifdlof thef S5MorHARST are as félRvs: - 37oMmigradient

TPM-02/Insulin- Inslin, 6Qunits/gof gel Apixture-of phosphiordated 2% tecophenyls(TIMY.coptaining
TP:T2P in a 2:1 ratio. TP refers to the monophosphate ester of a- tocopheryl and T2P refers to di-

tocopheryl phosphaté! ‘EthanoP30%2 Sarb8met 934 19%Watet g o9 Exampleds ThiSéxample
investigates the transdermgt11ed human recombinant insulin. Successful

transdermal delivery was assessed by increases in plasma
insulin levels, the detection of subcutaneous
radicactivity or decreased blood glucose levels after a

10 glucose load.

Experiment 1: Increasing Plasma Insulin Levels

The dorsal skin region of male Sprague Dawley

rats (220-300g) was shaved under light anaesthesia (ether)

15 the day before the experiment. While asleep, the rats
were weighed in order to calculate the dose of nembutal

and treatment formulation required for each rat. Rats

were fasted overnight (~16h) with free access to water.

Rats were anaesthetised the following morning and

20 maintained under anaesthesia for the duration of the
experiment. The test formulation contained 2% TPM, bovine
insulin (3U/100pnl; Sigma), ethanol (30%) and carbomer (1%)
made up with water. Rats received a final insulin dose of

10 U/kg of bodyweight. The control group received the

25 same formulation containing TPM but without insulin.
Control (n=2) and TPM-Insulin formulation (n=2) were

topically applied and massaged into the skin with a gloved

finger. Serum was collected 1, 2, 3, 4 and 6 hours after
administration.
30 A competition radicactive immunoassay (Linco

Research 1Inc.) specific for bovine insulin was used to
measure the amount of insulin ©present 1in the serum

samples.



delivery of insulin formulated with TEM. 5 FORMULATION COMPONENTS LISPRO, human analogue
of insulin (Eli Lilly) Bovine Insulin (Sigma) 3-[125I]iodotyrosyl A14) insulin, human recombinant
(Amersham Biosciences, Code IM166, Batch B0602) (125I-insulin) TPM - mixed a-tocopheryl
phosphate (TP) and di-tocopheryl phosphate (T2P; 2:1) DOSAGE FORMULATION 32.5 U LISPRO
per kg of body weight COMPONENTS 10 U bovine ins@th per kq of bodyweight '251_insulin (human
recombinant; 900nCi) per rat 2% TPM formulation Experiments 1 to 3 ANIMAL MODEL Sprague

Dawley rats Sex:pjale i9REEIFICADIONS Body weightdapge=d20nm420-grAge: 10F 12nweeks
Experiment 4 ANLIJI\/IAL QDEL chcs 38 E!:o!#r separate experiments were conducted to
independently demonst ry of insulin using TPM formulations after topical
administration. TPM was formtlatetPWith Bitherchovirme 5 instifif -4 Past lactiifg thstff BAARY (EFSPRO),
or a radiolabelledtwiman sedarbinant dasitinsSuecassiul transdermandelyerywas assessesdyy
increases in-plasg, Jsuipdevels, the deteclian of subculaneons, radipactyity g degreaged hlgod

glucose levels aftera 10 gcucose load. Experiment 1: Increasing Plasma Insulin Levels
access o water.

Human recombinant insulin containing a radiolabel

(l%I—Insulin, Amersham Biosciences) was formulated with 2%

TPM, 30% ethanol, 1% carbomer and water to form a gel

10  (TPM-'?I-Insulin). TPM-'?’I-Insulin was applied topically
(as above) at a dose of ~400 nCi per rat (n=4). Control

rats (n=5) received a formulation without TPM, in order to
address the role of TPM in transdermal absorption. Rats
were housed individually after application with free

15 access to food and water. After 5 hours, the rats were
sacrificed and the organs removed, weighed and placed in
scintillation wvials to determine the total amount of
radicactivity in each organ. The skin was washed to remove

any unabsorbed 1'2°

-insulin remaining on the skin surface.
20

Experiment 3: Lowing Blood Glucose Using Transdermal

Insulin
Sprague Dawley rats (220-300g) were prepared for
the topical administration of formulations as per
25 Experiment 1. Rats were fasted overnight (~16h) with free
access to water.
The fast acting human insulin analogue, LISPRO
(BE1li Lilly), was formulated with 2% TPM, 30% ethanol, 1%
carbomer and water to form a gel (TPM-LISPRO) . The
30 treatment group (n=15) received a topical application of
TPM-LISPRO (dose of 32.5U LISPRO / kg body weight) 30
minutes prior to the glucose load to allow the LISPRO time
to enter systemic circulation. The control group (n=15)
received a formulation without LISPRO. Glucose (30% w/v)
35 was injected IP at a dose of 2g/kg body weight (2ml per
300g rat).



The dorsal skin region of male Sprague Dawley rats (220-300g) was shaved under light anaesthesia
(ether) 15 the day before the experiment. While asleep, the rats were weighed in order to calculate
the dose of nembutal and treatment formulation required for each rat. Rats were fasted overnight
(-16h) with free access to water. Rats were anaesthetised the following morning and 20 maintained
under anaesthesia for the duration of the experiment: THe test formulation contained 2% TPM, bovine
insulin (3U/100I; Sigma), ethanol (30%) and carbomer (1%) made up with water. Rats received a final
insulirkl) dosehof 10 Ullkg of bodwv@}gmeli@g ﬁ@ﬁ&ﬁ@'e@!{i@% regeived H}(%%% @ﬁ@@ifgrmﬂ%?ﬂgaﬁfmainigg
TPM but without jnsulin. .Control (n=2) and TPM-Insulin formulation (n=2) were topically applied an
assaged into e S T & QIbUEd HaG? SLrint wal oLty 31 3o Aot ot Gt oo
administration. 36 2°Ebmpefitiort Pddioatti/eithmanodsshys@iicd REsehigh InclPspecific i bovine
insulin was usedMonnheasureAb® antount ofiinsulinlpresent im thesserum,y sampies. m39 skhxperiment 2:
Detecting Trgnsdermal Absarption ofdagin,bsing. Radiagiive, Proles, Spragua Ranentals,

(300-4509) were Igrepared for the topical administration of formulations as per 5 Experiment 1. Rats

were fasted overRiht tH1BhY Withchre®® Acddieto Watst” Hurhah teedmbinaftirsdircohtlining a
radiolabel (125I-hsulimcAmershameBidsbientes)lwas formukated witm28e TiRM, 30%methanod 119

carbomer and walgrtoformya.geb 10 (TRM 25/lnsulinykiRML25k Insulipwas applisd topically: (as
above) at a dose of 400 nCi peéfrat n=4). orﬁrol r%ts (n=5),rec%\i%% 8 f%rgmlatlon v%lthout TPM, in

C
order to addressvt%%urglse of TPRFi etrénnlsa%rrﬁaleabgofapr%%%. Rats ucose tor eac
10 rat during the experiment. The average change in blood

glucose was calculated for each time point and plotted
(Figure 3). As non-diabetic rats were used in this study,
the efficacy of TPM-LISPRO was Jjudged as a reduction in
peak blood glucose relative to control animals.

15 The area under the curve was calculated for
individual rats and the population groups were compared
using the Student's t-test.

Experiment 4: Lowing Blood Glucose Using Transdermal

20 Insulin
Eight pigs with two surgically prepared catheters
were prepared at least 5 days before the study. Pigs were
trained to consume their feed at approximately 3:00 pm in
the afternoon so that they were acclimatised to an
25 overnight fast. The experimental design was a single
reversal with the two treatments being the TPM-02 gel
containing insulin or the TPM-02 gel without insulin.
Intravenous (IV) infusions were separated by at least 1
day. On the day of an infusion pigs were bled every 15
30 min for 1 hour to obtain basal blood glucose
concentrations before application of the gels. After 30
min an infusion of glucose (0.33 g/kg per h) and =xylazine
(0.033 mg/kg per h) was commenced and blood sampling
continued for another 3 h. Blood was immediately analysed
35 for glucose using a Glucometer. During the course of the
study the catheters in one pig lost patency and so only 7

pigs entered the study. Also, on one bleed day (insulin



were housed individually after application with free 15 access to food and water. After 5 hours, the rats
were sacrificed and the organs removed, weighed and placed in scintillation vials to determine the
total amount of radioactivity in each organ. The skin was washed to remove any unabsorbed
1125-insulin remaining on the skin surface. 20 Experiment 3: Lowing Blood Glucose Using
Transdermal Insulin Sprague Dawley rats (220-300g) wEke prepared for the topical administration of
formulations as per 25 Experiment 1. Rats were fasted overnight (416h) with free access to water.
The fast acting humandpsiHin analegueaSPRQ  (EH Uil cwasi fornaulated wjth12% d Pha 39% v
ethanol, 1% carb mer andt\{\q/aelter. toform a geI#TFe)IQ/Ie-LEISPRO). The 30 t eeaém%r%t gkrﬁ%ﬁ gzoé%zs
received a topica appﬁcqation of TPM-LISPRO aose OP§§.5UW§PI36 g body Welg% 3 inutes
prior to the gluco$€Toad s allbA eI SPRA tifes ¥ éRterSyRErRi ciPdiatiolaPhe ‘cormtfs group
(n=15) received adopautation without LISPRO. Glucose (30% wi/v) 35 was injected IP at a dose of
2g/kg body weight (2ml per 3000,t1). ; AQ- Rats were, maintainedundey anaesthesia nembytal

throughout the experiment, and blood glucose was measured from the tail using a Medisense Optium

Blood Glucose M&fitdr {ABBof) THe™iodd giltdst Jevel SRR s 5 MinGtes &t ghidose
load, and anotheabdninutes laterb Blood ghigo$e nvasvihehanéeasured eveny hodshutesdonz@.5

hours. The blood@btc%ggdleyglgeraeggwed immegdigtely; beforg glucoseiload wergsubtracted from all
subsequent values to det%'mine the change in_blood glucose for, e%ch 10 rat durirE the e>ﬁ;1)eriment.
tte

The average cha%‘égj?ﬁ Bfood” Bﬁj%ogg%véggr Caitdiated for eakft tinte p(ﬁ‘irrll?l and %Fo %lth the

10 last 2 and 4 samples. These data were also analysed using
REML with the fixed effects being bleed time (either
before or after application of gel and infusion) while the
random model included pig and bleed day. For these latter

analyses the data were subject to log-transformation.

15
Results and Discussion
Pilot Experiment 1: Increasing Plasma Insulin Levels
In a trial experiment, topical application of
TPM-insulin was able to increase the blood sera levels of
20 insulin (Figure 3). In both treated animals the increase

in sera 1insulin levels peaked 4 hours after treatment.
Insulin levels 1in control animals declined over this
period or failed to reach similar levels as the treated
animals. The small number of animals used in this pilot
25 experiment means that statistical evaluation is not
possible; however a positive trend for successful
transdermal absorption 1is apparent, warranting further

examination in larger experiments.

30 Experiment 2: Detecting Transdermal Absorption of Insulin

Using Radioactive Probes

Having obtained positive evidence of increased
sera 1insulin levels in a trial experiment, we sought to
conclusively demonstrate the transdermal absorption of

35 insulin formulated with TPM. To do this, we formulated
TPM with a radiolabelled form of insulin, with the aim of

using its radicactive decay to monitor the transdermal



(Figure 3). As non-diabetic rats were used in this study, the efficacy of TPM-LISPRO was judged as a
reduction in peak blood glucose relative to control animals. 15 The area under the curve was
calculated for individual rats and the population groups were compared using the Student's t-test.
Experiment 4. Lowing Blood Glucose Using Transdermal 20 Insulin Eight pigs with two surgically
prepared catheters were prepared at least 5 days befo®2the study. Pigs were trained to consume
their feed at approximately 3:00 pm in the afternoon so that they were acclimatised to an 25 overnight

fast. The experimgiial.qasigmwasra single reviersal with the wodigstmentsibeingitbe iRM02gel

containing insulin or. the TPM el without insulin._Intravenou bgv infusi ons were s ted by at
least 1 day. On tlﬁue day o¥an In %f?sm %blgs%wg?éebledaevery Frtntl)n for?l hourﬁ e(%b(tazﬁﬁ%ﬂasalsbIood

glucose concentf&tichs befofeappifcativh bf tHergels. Afe? 3¢ TmSAlT iffdsiorrorgItiEdse . 33fg/kg
per h) and xylazif€ 1(0-033smylky per h)was commeneed and bfoodsaimpling continuaskfor anather 3

h- Blood wag immyediatcly analysed 3¢ for dlycose uging 2 Slugomeler. Duing il couee ol e, study

the catheters in one pig lost patency and so only 7 pé;s entered the study. Also, on one bleed day

(insulin - 41 treafih@Rt tHE Samblingdatigterth s BigliBse pa‘ré]ncﬁoﬂ‘@ﬁr‘?glﬁféqnfﬁgloﬁo‘\qﬁé%}ore
the number of bleed.dayss for the controlsanchinsulirf treatedpigs was 7aandvé s respactively t5 Biood
glucose data was-analysed 9§'£193)?EMJ— ﬁm dbe fixegheffects ingluding. tgatment (contigl px jnsulin)
and time of bIood sam |In% ile the ran om model |r}clud % g r1d bI%eq day. g addition, blogd
glucose were avera@% over prglfrealtlr%%nF Bgr?od &hd 0 5t th oW the"ared
10 application contained significantly (p<0.05) increased
levels of radioactivity compared to controls, conclusively
demonstrating the ability of TPM to drive the absorption

of insulin across the skin to the underlying tissue.

15 Example 3: Lowering Blood Glucose Using Transdermal

Insulin.
Having demonstrated the successful transdermal

absorption of insulin when formulated with TPM, we sought
to examine whether the delivered molecule could

20 effectively enter systemic <circulation to lower Dblood
glucose. Fasted rats were subjected to a glucose
tolerance test 30 minutes after topical application of
TPM-LISPRO, and blood glucose measured at subsequent
intervals (Figure 4) . Blood glucose levels were

25 significantly (p<0.02) reduced in animals treated with
TPM-LISPRO compared to controls, demonstrating Dboth the
transdermal delivery, and subsequent activity of the
transported LISPRO. TPM is therefore able to transport
large, active molecules such as insulin across the skin.

30

Experiment 4: Lowering Blood Glucose Using Transdermal

Insulin
This study expanded on the rat study in which

glucose tolerance tests showed that the transdermal



10 last 2 and 4 samples. These data were also analysed using REML with the fixed effects being
bleed time (either before or after application of gel and infusion) while the random model included pig
and bleed day. For these latter analyses the data were subject to log-transformation. 15 Results and
Discussion Pilot Experiment 1: Increasing Plasma Insulin Levels In a trial experiment, topical
application of TPM-insulin was able to increase the blod@ sera levels of 20 insulin (Figure 3). In both
treated animals the increase in sera insulin levels peaked 4 hours after treatment. Insulin levels in
control animals deekned over thisrperied opfailedRereactpsiafiar leves as theitreated rghimalss The

small number of gnimals used in.this pilot25 experiment meansthat statisticglevaluationds not,
possible; however a positive trend for successful transdermal absorption is apparent, warranting
further examinatforiiadaR) et ekpermentss SOEXFerae M2 Detéétirig Tidhsdermal Absorption of

Insulin Using Radioactive Profigs fiaying pbtained positive evidence of increased rserasinsylinlevels
in a trial experiment, we sought to conclusively demonstrate the transdermal absorption of 35 insulin

formulated with TPN LTS 48 $RISSwé $SrtuldtBa CTPMAWITCA ratidiabélfedBim oF RistfiA, with tHe aim

of using its radioggtive decay, to; menitgrrthetransdesmal - 42 nabspyption gh"hot':ipsdlin aad (4
subsequent distribution (if any) throughout the rat. Results show that TPM was able to successfully

drive the transdefarasorptioitof 1251 LhEglin tFigdre™) 1 evel diTagattvity udatédted SAkithin
the skin at the sitg0f applicatianswere; significantly elevated (p<0.001) in comparison to control

animals. As the skin surface of each rat was washed, this ,
The overall statistical effect of TPM-02/Insulin
10 was highly significant (p<0.005). The most obvious effect
appeared to be over the latter part of the infusion when
blood glucose had reached plateau. At plateau, the
increase in blood glucose was significantly lower in the
pigs receiving the transdermal insulin preparation which

15 represents a marked improvement in control of glycemia.

The data indicate that insulin was absorbed transdermally.
The simultaneous infusion of glucose and an
inhibitor of insulin secretion such as xylazine appears to
be a good model system to measure transdermal delivery of
20 insulin. Further work should extend the wuse o0f the
current model to look at the effect of transdermal
delivery during a more abrupt increase in blood glucose,
and should extend the study time to determine for how long
the delivery could be sustained. Further studies could
25 also be conducted on a model system suitable for the
target (ie. the diabetic human) such as the streptozotocin
diabetic pig. That is, pigs that have been treated with
the chemical streptozotocin, which destroys the insulin-
secreting cells of the ©pancreas rendering the ©pig

30 diabetic.



radioactivity is present within the deeper skin layers. Importantly, subcutaneous fat directly below the
area of 10 application contained significantly (p<0.05) increased levels of radioactivity compared to
controls, conclusively demonstrating the ability of TPM to drive the absorption of insulin across the
skin to the underlying tissue. 15 Example 3: Lowering Blood Glucose Using Transdermal Insulin.
Having demonstrated the successful transdermal absofption of insulin when formulated with TPM, we
sought to examine whether the delivered molecule could 20 effectively enter systemic circulation to
lower blood glucesacRasted®ats were subjected to a glucose tolerance test 30 minutes after topical
application of TPM-LISPRO, ditEblobd jiddose measaretisd sudsequeritrimtervalshFlgure ¥y eBlood
glucose levels werg ﬁ'gpgﬁlfangx&e@%gz)egedlifﬁw animals tegatedwith, IRM-LISPRO compared
to controls, demonstrating both the transdermal delivery, and subsequent activity of the transported
LISPRO. TPM is tierefste dbid trarsport targe factveTRolBedies sheR agisulinsactdsstherskin. 30

Experiment 4: Loyyering-Blogd GlHcese Wsing-lransderpale Insylin Jhis- study expanded on the Lat
study in which glucose tolerance tests showed that the transdermal - 43 insulin formulation

penetrates the siif GRdTs BloavdiRblE1This Whs 458L's568 i piys withcanIVPGIuEBSE tleranée test

using TPM-02/Ingidins Methods weye ¥efined byeplagingdhe initial breyal-alugese testsdhatdigaot
work as ant|C|pated with an IV dosing of glucose. In addition, xylazine (a chemical that inhibits insulin

being released in Bgﬁﬁéﬁﬁewéf%?nfdsréﬂ]\ﬁlﬂifﬁlué&% thé delivered molecule {s

active and able to effectively lower blood glucose. This

10 is a positive finding for diabetics, offering hope that a
non-invasive insulin delivery method may become available
to alleviate the discomfort of daily injections.

It 1s proposed to conduct experiments using
vertical diffusion (Franz) cells, with skin from pig and

15 human, to test the flux rates and permeability of multiple
variants of the formulation. This technique will allow

faster optimisation of the TPM-insulin formulation.

Example 6
20 A formulation containing atropine was prepared as
set out 1in the description above. The details of the

formulation are as follows

Ingredient TPM-02/atropine

i
o°

Atropine phosphate

N
o°

A mixture of phosphorylated
tocopheryls (TPM) containing
TP:T,P in a 2:1 ratio. TP refers
to the monophosphate ester of a-
tocopheryl and T,P refers to di-

tocopheryl phosphate.

Ethanol 30%

Carbomer 934 1%

Water gs to 100%




The overall statistical effect of TPM-02/Insulin 10 was highly significant (p<0.005). The most obvious
effect appeared to be over the latter part of the infusion when blood glucose had reached plateau. At
plateau, the increase in blood glucose was significantly lower in the pigs receiving the transdermal
insulin preparation which 15 represents a marked improvement in control of glycemia. The data
indicate that insulin was absorbed transdermally. The shRuttaneous infusion of glucose and an
inhibitor of insulin secretion such as xylazine appears to be a good model system to measure
transdermal delivexya@p B msulin. Further work should extend the use of the current model to look at
the effect of transdermal deliv, E)Mdurlygsa more abrggtnlgcr.ease in blood %Iﬂ;:%se andosﬁhoul extend

the study time to determine for how long the (?eﬁivery could be sdstained. 1elrfgtudies could 25

also be conducteBBIPR GRS 3§Steft SGitabhe for e taryet 8 théTdiabetichuiarmsiohhasthe
streptozotocin dighetiepig: d hatlisp pigs thakhave been ireated mith ethecchemicad stegptozetosin,

which destrays the, inslin- sggreting cells o the panereas rendenng the pig 30 diaetic, Ad.-y,

Conclusions: The results presented demonstrate that mixed tocopheryl phosphates (TPM) can

successfully drivE e transddmialabbrgtion of frge Fitfeculs~Siichtas indUIrF 5iRBreaSEd rfdulin
levels were demonstiatéc nathirhthec dermnisiatrtise site ohappgthication, the subcutaneous fat below and

within the blood. Importantly, ghacose; tolergpee tests indicate fhatithe delivaried molecule ls agtive
and able to effect%'\ieléllower blood glucose. This 10 is a §$sitive fgjdin%for dialietics, offegﬁjng hr(,;ge that
[ [ [ dal y

a non-invasive insufi rfe?i%%ﬂltme od mpékﬁlqndeac%%ﬁlee avaitable “fd alléViate tHE tiscomfort of
injections. 10 distribution of the wvesicle population was done with

fluorescence activated cell sorting (FACS).

Simulated gastric and intestinal Juices were
prepared according to the US Pharmacopoeia. Gastric juice
was an acidic solution of pepsin enzyme, at pH 1.2.

15 Intestinal juice was prepared with pancreatin powder made
up in a phosphate buffer at pH 6.8.

The vesicles were exposed to both Jjuices
separately. Exposure to the simulated gastric Juice
created larger vesicles and/or aggregates of vesicles.

20 Exposure to the simulated intestinal juice had almost no
effect on the appearance of the vesicles, and they

maintained the original size distribution.

Example 8

25 A formulation containing was prepared from
complexes of TPM as set out in the description above to
examine 1if complexes of TPM will form vesicles. The

details of the formulation are as follows:



It is proposed to conduct experiments using vertical diffusion (Franz) cells, with skin from pig and 15
human, to test the flux rates and permeability of multiple variants of the formulation. This technique will

allow faster opt

imisation of the TPM-insulin formulation. Example 6 20 A formulation containing

atropine was prepared as set out in the description above. The details of the formulation are as
follows Ingredient TPM-02/atropine Atropine phosphate?®%-A mixture of phosphorylated 2%
tocopheryls (TIM) containing TP:T2P in a 2:1 ratio. TP refers to the monophosphate ester of a-

tocopheryl and [T2P refers to dirdgegpheny! phosphate. Ethanol 30% Carbgmex,934 1% Water gs

100% - 45 - Example 7 TPM vesicles containing a mixture of the monophosphate ester of

a-tocopheryl (TP AR HitoE8PHETIP BRESEHATEYT2P) in
and intestinal juices sphasitd detewhiie whether e(ftefic |
withstand the conditions, of thexgut-Vesicles. wergprepar

dye Rhodamine

. h : : S P
fluorescence adtivated cell sorting (Ifn,&&o§ “Simulated gastric and intestinal juices were prepared

according to the &S Phafmacepoeize Gastiée jdice was an acidic solution of pepsin enzyme, at pH

refers to di-tocopheryl phosphate.

a2?ratio were exposed to simulated 5 g3
ormulations of the present invention coul
ed with 2% TPM including the fluorescen
606, al}((:%l an 1z_'stonfyltlxgis of the 10 distributign of the vesicle population was done with

d

Ethanol 30%

Water gs to 100%

10

Vesicles were formed according to this

formulation.

The word ‘comprising’ and forms of the word
‘comprising’ as used 1in this description does not limit
the invention claimed to exclude any variants or
additions.

Modifications and improvements to the invention
will be readily apparent to those skilled in the art. Such
modifications and improvements are intended to be within

the scope of this invention.

to

stric

t

11.2.



15 Intestinal juice was prepared with pancreatin powder made up in a phosphate buffer at pH 6.8. The
vesicles were exposed to both juices separately. Exposure to the simulated gastric juice created
larger vesicles and/or aggregates of vesicles. 20 Exposure to the simulated intestinal juice had almost
no effect on the appearance of the vesicles, and they maintained the original size distribution.
Example 8 25 A formulation containing was prepared-frém complexes of TPM as set out in the
description above to examine if complexes of TPM will form vesicles. The details of the formulation
are as follows: - 44 degesdient % w/w Lauryliminodiproprionic acid 3.2% tocopheryl phosphate
mixture (TPM) containing TP:T2P in a 2:1 ratio. TP refers to the monophosphate ester of
a-tocopheryl and T2P refers to di-tocopheryl phosphate. Ethanol 30% Water gs to 100% Vesicles
were formed accérding to this HofRtatien. T watd ieonprsiAg AP ttild Word 5 ve
‘comprising' as usefli thisl deseriptionsdees reidinit the irvention, claimet ¢a exclyde anyvariants or

additions. MS’*“%@%@”?&P%Q‘L%O‘E%‘E%@ the nventign willbe tealiyapparenidg dhose skilled in
the art. Such 10 modifications and improvements are intended to be within the scope of this
invention. - 47 - éﬁmﬁs electron transfer agent) phosphate derivatives or

complexes thereof.

2. A carrier according to claim 1 which is the C;-C4
10 alcohols, polyols and polymers thereof are selected from
the group consisting of methanol, ethanol, propanol

isopropanol, butanol and glycols or combinations thereof.

3. A carrier according to claim 2 in which the Cj_4
15 alcohol is ethanol.

4. A carrier according to claim 1 or claim 2 in

which the C;-C; alcohol, polyols and polymers thereof is

present in an amount of 0.5 to 50%, 5 to 40% or 10 to 30%.
20

5. A carrier according to claim 1 in which comprises

one or more di-(electron transfer agent) phosphate

derivatives.

25 6. A carrier according to claim 1 which comprises a
combination of one or more di-(electron transfer agent)
phosphate derivatives and one or more mono- (electron

transfer agent) phosphate derivatives.

30 7. A carrier according to claim 1 in which the di-
and/or mono- (electron transfer agent) phosphate derivative
is a phosphate ester of electron transfer agents in which
the phosphate is ortho-phosphate or pyrophosphate di- or
mono-substituted with electron transfer agents.

35
8. A carrier according to claim 1 in which the di-

and/or mono- (electron transfer agent) phosphate derivative



1. A carrier for administering biologically active compounds comprising one or more C1-C4 alcohols,
polyols 5 and polymers thereof, water and one or more di and/or mono-(electron transfer agent)
phosphate derivatives or complexes thereof. 2. A carrier according to claim 1 which is the C1-C4 10
alcohols, polyols and polymers thereof are selected from the group consisting of methanol, ethanol,
propanol isopropanol, butanol and glycols or combinatiéBs thereof. 3. A carrier according to claim 2 in
which the C1-4 15 alcohol is ethanol. 4. A carrier according to claim 1 or claim 2 in which the C1-C4

alcohol, polyols and pelymess:thereofds present incan-amedntelhStaS0%e.cuto 40%<arsko t0;30%.
20 5. A carrier acc?r ing to claim. 1 in which corg&zﬁrisgg ne or mcolr%_edi-(ele%t(gon Hg gfer agent)
[ o claim

o) O chroman phospna ) S ). S .
phosphate deriva ves' 25 6. A Carrier accordin T Which comprlsgs a Gombination of one or

more di-(electrordearisfeiragett) phoiphatelderiatives BRE offeBIiRerefMoRs-(@lectrbRCtransfer
agent) phosphate derivatdesa 3o 7t Akcardaenaceordingrioralginhl, ir-whichdbe ci<anrd/ar

mono-(electon tans @&@Qt)ﬁpﬁ@géﬁ%%%ﬁv%{?c@%BB?S(EH}%‘%&?H%{&“ glectontranster agents
in which the phosphate is ortho-phosphate o%%gg]o\%)hate i- or mono-substituted with electron

transfer agents. 35'8. AYarderdccordifgid e Rtk YRS HE.Shd/or mono-(electron transfer

agent) phosphate derivative - 48 or complexes thereof is selected from the group consisting of

hydroxy chromanphosphate derivatives. phosphate ; derivatives of guinols,being the reduced forms of
electron ”angé%%ﬁ?gg%“?ﬁi3%@%"Eﬁ@é2¥?§§y§§¥¥32%?ves are selected from
10 the group consisting of alpha, beta, gamma and delta tocol

phosphate derivatives in enantiomeric and racemic forms.

10. A carrier according to claim 9 in which the tocol
phosphate derivative is a tocopheryl phosphate derivative

15 or a tocotrienol phosphate derivative.

11. A carrier according to claim 10 in which the
tocol phosphate derivative is selected from the group
consisting of di-tocopheryl phosphate derivatives, di-

20 tocopheryl di-phosphate derivatives, di-tocotrienol
phosphate derivatives, mono-tocopheryl phosphate
derivatives, mono-tocopheryl di-phosphate derivatives and

mono-tocotrienyl phosphate derivatives.

25 12. A carrier according to claim 11 in which the
tocol phosphate derivative is a di-tocopheryl phosphate

derivative.

13. A carrier according to claim 11 in which the
30 tocol phosphate derivative is a combination of a di-
tocopheryl phosphate derivative and a mono-tocopheryl

phosphate derivative.

14. A carrier according to claim 13 in which the
35 ratio of mono-tocopheryl phosphate to di-tocopheryl
phosphate is 4:1 to 1:4 or 2:1.



5 phosphate derivatives, calciferol phosphate derivatives and ascorbic acid phosphate derivatives. 9.
A carrier according to claim 8 in which the hydroxy chroman phosphate derivatives are selected from
10 the group consisting of alpha, beta, gamma and delta tocol phosphate derivatives in enantiomeric
and racemic forms. 10. A carrier according to claim 9 in which the tocol phosphate derivative is a
tocopheryl phosphate derivative 15 or a tocotrienol phod¥hate derivative. 11. A carrier according to
claim 10 in which the tocol phosphate derivative is selected from the group consisting of di-tocopheryl

phosphate derivatives, di 20 tocophery! di-phesphaie derivativess dirtocotriengh iphosphatejderivatives,
mono-tocopheryl aphé)/sghate derivativees mono-tocgg}‘tleezg/l diﬁ%ho%)hﬁat dgrivative and .

mono-tocotrienyl prll'mospﬁafgoéleorﬂlg |vesc.tﬁ$f2.t Tarrier accor |r]1og fo Claim 11 in Which the tocol

phosphate derivaiiveds atlifécoptieiyl phosphafe defivatvel 13. aAdedtfier &6€cor@iFg te claim 11 in
which the 30 tocebplagphate derivative is a combination of a di- tocopheryl phosphate derivative and
a mono-tocapheryl phosphate derivative. 14. A carrier according to claim 13 in which the 35 ratio of

mono-tocopheryl phosphate to di-tocopheryl phosphate is 4:1to 1:4 or 2:1. - 49 15. A carrier

according to clairh®:in which the S+ rdsr HoRBHERRFohtrdnstdrbhosphBtd)Hervalii€is reacted

with one or moreccomplexingagentsito fosmse beniplex. 506, Altarrerageording te tlaimg 15fin which
the complexmg_ %Q@Hd%é%'?&tegﬂ%é*&ﬁr%@{p cansisting-of amphoterig surfactants, gationic
surfactants, amlrﬁ) acids . . . .

aving nitrogen functional groups and proteins containing

10 amino acids having nitrogen functional groups.

17. A carrier according to claim 16 in which the
complexing agent has the formula (II):
NR-RgRs
15 (IT1)
in which
R; is selected from the group consisting of Ce_2p
alkyl optionally interrupted by carbonyl; and
Rg and Ry are independently selected from the
20 group consisting of H, CH,COOX, CH,CHOHCH,SO:3X,
CH,CHOHCH,0PO3X, CH,CH,COOX, CH,COOX, CH,CH;CHOHCH,SO3X or
CH,CH,CHOHCH,0PO3X in which X is H, Na, K or alkanolamine,
provided that Rg and Ry are not both H and when R’ is RCO,
then R® is NCH; and R’ is (CH,CH,)N (C;H,0H) -H,CHOPO3; or R®? and
25 R’ together form N (CH;),N (C,H,OH) CH,COO.

18. A carrier according to claim 17 in which the
complexing agent is arginine, lysine or

lauryliminodipropionic acid.

30
19. A carrier according to claim 1 in which the
electron transfer agent phosphate derivative or complex
thereof is present in an amount of up 11%, 1 to 11% or 1
to 3%.

35
20. A carrier according to claim 1 in which water is

in an amount of 50 to 99%, 60 to 95% or 70 to 90%.



having nitrogen functional groups and proteins containing 10 amino acids having nitrogen functional
groups. 17. A carrier according to claim 16 in which the complexing agent has the formula (11):
NR7R8R9 15 (I) in which R7 is selected from the group consisting of C6-22 alkyl optionally
interrupted by carbonyl; and R8 and R9 are independently selected from the 20 group consisting of H,
CH2COOX, CH2CHOHCH2S03X, CH2CHOHCH20PJ3X, €H2CH2C00X, CH2C00X,
CH2CH2CHOHCH2S03X or CH2CH2CHOHCH20PO03X in which X is H, Na, K or alkanolamine,

provided that R8 and R9 are ngt bathrhH @ndwhen Rifrig RGO them RB isINCH3 a0 diR9 ig1e
(CH2CH2)N(C2I—%4O(%ﬁ)-OH§CVI—|GC§PO§e%r R8 and 25 R9 together form N(CH2)2N(C2H40H)CH2COO.
18. A carrier according to claim 177 Which the complexing agent is arginine, lysine or
lauryliminodipropionic acid. 30 19. A carrier according to claim 1 in which the electron transfer agent
phosphate derivative or complax dthereiaf is presentiiman asotind ohup 11%, lvtoi tHotersl to 3%. 35

20. A carrier;accoyding to-Glaim: 1,1 whigh,water s ;ig an-amguitofRhig,39% §0 fa 9546, af, 70 to

90%. - 50 21. A carrier according to claim 1 which is in the form of vesicles. 22. A carrier according to
claim 21 in whictthe™ fiahteteP8ffhe vesicles is 50 to 10,000nm, 100 to 500nm or 300 to 500nm.
23. A carrier according to claim 22 in which the vesicles partially or fully encapsulate the biologically

23. A carrier according to claim 22 in which the
vesicles partially or fully encapsulate the biologically

10 active compound.

24 . Use of one or more C;-C; alcohols, polyols and
polymers thereof, water and one or more di- and/or mono-
(electron transfer agent) phosphate derivatives or

15 complexes thereof in the manufacture of a carrier for

administering biologically active compounds.

25. A process for the preparation of the carrier as
defined in claim 1 which comprises the steps of:

20 combining one or more di- and/or mono-(electron transfer
agent) phosphate derivatives or complexes thereof with one
or more C;-4 alcohols, polyols or polymers thereof; and

adding water to the combination of step (a).

25 26. A formulation comprising a biologically active
compound and a carrier comprising one or more C;-Cy
alcohols, polyols and polymers thereof, water and one or
more di- and/or mono- (electron transfer agent) phosphate

derivatives or complexes thereof.

30
27. A formulation according to claim 26 in which the
biologically active compound is a pharmaceutical or a
phosphate derivative thereof.

35 28. A formulation according to claim 27 in which the

pharmaceutical is selected from the group consisting of

vitamins, phytochemicals, cosmetic agents, nutraceuticals,



10 active compound. 24. Use of one or more C1-C4 alcohols, polyols and polymers thereof, water and
one or more di- and/or mono- (electron transfer agent) phosphate derivatives or 15 complexes thereof
in the manufacture of a carrier for administering biologically active compounds. 25. A process for the
preparation of the carrier as defined in claim 1 which comprises the steps of: 20 combining one or
more di- and/or mono-(electron transfer agent) phosph&k derivatives or complexes thereof with one
or more C1-4 alcohols, polyols or polymers thereof; and adding water to the combination of step (a).
25 26. A formulatien-gempssing-bbiolegicallyaciive searnpayng apd &icayrieheomprHsiag ®ne or more
Cl-C4 alcohols,ﬁpoiy SIs and polymers thereof, water and one or more di- and/or mono-(electron
transfer agent) phosphate derivatives or complexes thereof. 30 27. A formulation according to claim
26 in which the biologically active compound is a pharmaceutical or a phosphate derivative thereof.
35 28. A formulatien accordingatorelainm 27 i sdhichcther pharmaeceuiical is setected fnonrthecgroup
consieting o5 Vwatnine.aindaehienicals, cosmelieagents,ulACeUIGaly, (Al Loumongs Jienides.

polypeptides, proteins and nucleic acids. 29. A formulation accor claim 28 in which the 5

pharmaceutical i€ §8EREPrdm thB YOG E6nS8fg 64 e tBiehtic MiadrdBi hRAgesR t1 -
anti-inflammatory; amtie cancgrTage nt rantthistapnme) @nticanginae agent; aageyslipidaemic, anti-diabetic,
and hormone analggue./ 10 30, Afermulation according.to;claim, 29 i whichhthe; pharmageutical is
selected from the group consisting of co-enzyme Q, human parathyroid hormone, insulin, glucagon-
10 30. A formulation according to claim 29 in which the
pharmaceutical is selected from the group consisting of
co-enzyme Q, human parathyroid hormone, insulin, glucagon-

like peptide, morphine, oxycodone, elastin, retinol and

collagen.

15
31. A formulation according to claim 26 in which the
biologically active compound is present in an amount of up
to 5%, 0.5 to 3% or 0.5 to 2%.

20 32. A formulation according to claim 26 which further

comprises other excipients.

33. A formulation according to claim 32 in which the
excipients are selected from the group consisting of

25 solvents, thickeners or gelling agents, surfactants,
buffers, emollients, sweeteners, disintegrators, flavours,
colours, preservatives, fragrances, electrolytes and film

foaming polymers.

30 34. A formulation according to claim 32 in which the

excipients are present in an amount of up to 5%.

35. A method for preparing the formulation as defined
in claim 26 comprising the step of combining a

35 Dbiologically active compound with a carrier comprising one
or more C;-C4, alcohols, polyols and polymers thereof, water

and one or more di- and/or mono- (electron transfer agent)



like peptide, morphine, oxycodone, elastin, retinol and collagen. 15 31. A formulation according to
claim 26 in which the biologically active compound is present in an amount of up to 5%, 0.5 to 3% or
0.5 to 2%. 20 32. A formulation according to claim 26 which further comprises other excipients. 33. A
formulation according to claim 32 in which the excipients are selected from the group consisting of 25
solvents, thickeners or gelling agents, surfactants, buff®g, emollients, sweeteners, disintegrators,
flavours, colours, preservatives, fragrances, electrolytes and film foaming polymers. 30 34. A
formulation accokghig fhelain 324n ik the excipients are presest inan amount of up to 5%. 35. A
method for preparing the formulation as defined in claim 26 comprising the step of combining a 35
biologically active compound with a carrier comprising one or more C1-C4 alcohols, polyols and
polymers thereof>fater and ohe®srimisre dio anabr Mcifo-telédforrfransiet agénty - 52t pHésphate
derivatives or compigxesrihereoh i3t Actethadstos atdministergdsiologically actve eompounds which
comprises the step of comining the & biplogically actiye, sampaund,yith & cartigr cmprising one  or
more C1-C4 alcohols, polyols and polymers thereof, water and one _or more di- and/or mono-(electron
transfer agent) phbsphafte &éﬁ&dti@és%ﬁ%ﬁple&@étméoﬁﬁ@ PP Whetfod 46¢58ihg to claim 36 in
which the biologicatly activelcompoundrandecattrier anecadministered ( by patenterat remterfat roral,

topical, transdermgls apthaimalegicals rectal; vaginak intranasalgh dateapulmonparyFadministration.

10 37. A method according to claim 36 in which the
biologically active compound and carrier are administered
by parenteral, enteral, oral, topical, transdermal,
opthalmological, rectal, vaginal, intranasal or

intrapulmonary administration.



