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Al kal oi d Formul ations Field of the invention The
present invention is directed to formulations

W@ oosnssrsg one or nore al kal oi ds. Mre speci f PCEADY005/000307

but not exclusively it relates to formul ati ons
conprising one or nore al kal oi ds and one or nore
phosphat e derivatives AlkablidFompwlatiomsnsf er agents.

HQun f the invention In this specification,
Fﬁﬁng H?BW@nt act or itemof know edge is referred

to or discussed, this reference or discussion is HPI'
Thaprcernt sieation isakirectid tefosmmlations epmpriing engrarspore alkaloids. More
knowl edge or any conbi nation thereof was at the
sperifoaily butdet exclpavely dfrelotsatoforgelations cdonprisingiere, orgnore alkaloids
known to be relevant to an attenpt to sol ve any

arltl &l Rhore ?Boéﬁhh&hiehhatﬁ/es peeleéttciptkdr@fer agertoncer ned.
Al kal oids There is a long history of the use of

BQL&%—L,E%?%H@,DU@‘%Q{ ne. These conpounds were

'y extracted from plants and i ncl ude

Irwb‘ RO B PR et & bR AR e R0

ed inthis descrlptlon and in the clains includ
digSStsh his ERferanes ag\hiseHeonis et m@%ﬁ%ﬁ%ﬁwé’eﬁwm 3eg or item of
primary, secondary or tertiary am ne substituents. The
kizowladgenananl eoinbinatipn theteod was aothe paonty daio paitiof sommon general
non-cyclic structures are also included. For exanple,
kiidWigdge) 6t kst to be relevant to an attempt to solve any problem with which this
specification is concerned.
Alkaloids
There is a long history of the use of alkaloids for medicine. These compounds were
originally extracted from plants and include nitrogenous compounds having physiological
actions on humans as drugs and poisons. The term “alkaloids” as used in this description
and in the claims includes all natural and synthetic active compounds containing primary,
secondary or tertiary amine substituents. The amine may be incorporated into one or two
rings, but non-cyclic structures are also included. For example, this includes:-
. tertiary amines which:-
o are alicyclic with the nitrogen atom as a common member of three
rings ( eg. Morphine, Atropine, Quinine ); or
. are cyclic where the nitrogen is incorporated into a single ring and

alkylated (eg. Nicotine, Fenspiride ); or

. have no cyclic structure incorporating the nitrogen (eg. Flurazepan);
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tertiary amnes which:- are alicyclic with the

nitrogen atomas a conmmon nenber of three rings ( eg.
woRoopls4ses Atropine, Quinine ); or are cycli cPairaU005/000307

the nitrogen is incorporated i2nto a single ring and

al kylated (eg. N cotine, Fenspiride ); or have no

cycl isc st rsgcandaey amives pberathawjtrogen isiinqomppsated éngo an alicyclic

Fl urazepan); 7768605 secondary am nes where the

ni trogen issruttieofeg@oalifel Fenldidindyoral lirvycsthuetiat (¢gC Epinephrine);

(eg Conline, Fendiline) or a linear structure (eg.

Epi hri ne). j: ' .eg. Ephidrine);
D 3 nes [fimery R (V. BPhEREL 00 . TO T U

pyri di nes m di ne derivatives;

qui nolines (e&g. C nchonine); and guanidines (eg.
Ar gi i ne) _py&ﬁg{esg‘qgﬁpgp »are not water sol uble but
are soluble in organic solvents. However, all

al kaleoi ds raetharhilénecdesivatives) | conbi ne with acids to
formcrystalline salts which are usually at |east

partieal | y gidicties@elOInchoniiid)t &l | Y, al kal oids are
adm ni stered as salts either orally or by intravenous

01 eq on i el g o clecs of 0ruge el are
1\/t1]3/s%J Ezﬁ(g{yiclsi acr:e Qgttvlvja{tgr S%Eubtlehgutséfr% go?ubqg Pna(l)rlggnilc iscr)?vgr%cs. However, all
alkaloids are basic and will combine with acids to form crystalline salts which are usually
at least partially water soluble. Typically, alkaloids are administered as salts either orally
or by intravenous injection. The alkaloids are a class of drugs that are not commonly
administered transdermally because the hydrophilic nature of the salts usually limits
transdermal transport. Morphine and atropine are examples of clinically useful alkaloids
that are not administered transdermally. Further, it is desirable to improve oral delivery of
alkaloids since some of them are thought to act through the lymphatic system.

Topical administration

Topical administration refers to the application of a drug directly to a part of the body and
includes transdermal administration (application to the skin) and buccal administration
(application to the inside of the mouth).

The skin is the largest organ of the body and functions to protect the internal organs from
external 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 strength, flexibility, high electrical

impedance and dryness that retards penetration and proliferation of micro-organisms. The

stratum corneum is also the principle barrier to transdermal drug absorption.



transdermal transport. Morphine and atropine are

exanples of clinically useful alkaloids that are not
wa@dwsnossrer ed transdermal ly. Further, it is deBtT/abbms/o00307

to inmprove oral delivery of alXkal oids since sone of

t hem are thought to act through the [ynphatic system

s sricaditransdarmakdeliyerygnclydgsi theagpriigation @ftrg)rags igrthe pyre state or as

to the application of a drug directly to a part of the

fomaiylatzond which tygizslly irehsld anbstdncasithianérdtane the mate of transport through

(application to the skin) and buccal adm nistration

thaskin.i Higforieally Pardsbénial 8¢16RrPivas AFoiAMtnky) creARS, dtlltitek and plasters
the | argest organ of the body and functions to protect

B LA BEPATE S 8 Y Bl BTG B 6 v
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epiderm s, the stratum corneum possesses properties
cghtraliqvenhihe mate of BaRPPIti ty, high el ectrical i npedance

and dryness that retards penetration and proliferation
Toénsdemmad delieay hasheen Tdvegsizeditounffer aeveeal ipotential emefifséncluding
principle barrier to transdermal drug absorption. The

asliitviaf bidodneesy simllacielthose a¥hieied BAgsw imteavdRRlsl ifRisiofbut without
of drugs in the pure state or as fornul ati ons which
d

B Sk Loy FRBRIE, L P
o RS RE R SR IR S i

recently, the technol ogy has been i nproved by making
eqNalsntffiegcy withredueeg siremdosags due tady-nsss efhepatin Best pass

to the skin and i nproved control over the rate of
elimanagipny lower risk of under or overdosing; and better patient compliance through

simplification of a dosage regime.
Not every drug can be administered transdermally at a rate sufficiently high enough to
15 achieve blood levels that are therapeutically beneficial for systemic medication. Drugs
with similar molecular weights and sizes for example may absorb across the skin at
different rates. Skin enhancers and various formulation techniques have been developed to
improve drug absorption through the skin. But concern has been raised with respect to
long term risk because increased drug permeability is achieved at the cost of damaging a
20  fundamentally important protective layer of the skin.
Current strategies to improve transdermal therapy have not been universally successful and
there is scope for further improvement. In particular, there is a need for use of transdermal
delivery systems capable of delivering alkaloids.
There has also been increased interest in buccal delivery since this method of delivery

25  avoids metabolism by the liver which can be a problem when drugs are administered
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Transdermal delivery has been recognized to offer
several potential benefits including achieving blood
wo ewslos638 m | ar to those achi eved by sl ow i nt r BEATABS/000307
i nfusion but wi thout the incodveni ence; better contro
of absorption and netabolism conpar to ora
opalllyi iveicely. the drugdn farmylaisd igm lerange é‘f%f“é‘clﬁ plagerbunder fhe tongue.
of drugs with short half |ives; equivalent efficacy
Thé lininged tiremouthudgesinatdgee shuequivalént of tesstrafun egracum on the skin so
first pass elimnation; |ower risk of under or

itqy a6t Viffigult ansdhmiste [driR byt cd dsRVdrartie tHiSimetiol of
sinmplification of a dosage regi me. Not every drug can

?xﬁ xﬁgfgneh “f‘sthl%t%grrﬁﬂ o‘?@ﬁﬁjs%g :B'g%dé&‘? e r?t Eﬁrtls%%tfdlﬂ Bl achieving

enough to ach evel s are

ther eutl cal ! enef.i CI for m c_nedi.cat
ey e ) b B rraned o O RoPRUGE of ftive transport
exanpl e may absorbh across the skin at djfferent rates.
Eé‘t@rtn%é\‘ﬂn%ﬁ?eém%ieaﬁ the\nast tg rRPRoyE the tapicalpdmipsatRneef drugse For
been devel oped to inprove drug absorption through the
exdmnple, iBternationalgratenh applisatéom 1P CEMAURY 00998 shssbases a caroagfor
termrisk because increased drug perneability is

phé&rfiaemeitaRtwhehéin @sdanidr cOMPEEsongleN phdty derivative of a
i nportant protective |ayer of t he Skl n. rrent

pﬁ’lrhﬁﬁ:@tgicgﬁy a&e ABIeVbf ul Ilp %Aaagﬁ @eﬁic acid

been uni ver sal Yy SuccC SS U ere IS SCO

tqphALpHoP:pe: ?Sfﬁﬁafog@@?maséhi‘%mﬁi“@g%viﬁ% Bffephate is
del i ng al kal.oids. There gas al so been.i ncreaseﬁl
C?YHP’IéF%CL,'lO 3 GPRieing agrat sejestsd Lom the gopR consistipg of pmphoteric

del i very
surfactants, cationic surfactants, amino acids having nitrogen functional groups and

proteins rich in these amino acids. This carrier has been shown to improve the topical
administration of testosterone, estrogen, atropine and morphine. However, in relation to
morphine and atropine, further improvement in skin penetration was desired.

Oral administration

Many drugs are administered orally, but a large number of potentially useful drugs are
rejected because they are unable to pass through the intestinal walls. It is understood that
substances such as fats are efficiently transported through the intestines, but many others
such as tocopherol are poorly transported. There is thus a need for systems which enable
improved oral administration of alkaloids.

Summary of the invention

It has been found that there is a significant improvement in administration when an

alkaloid compound is complexed directly to a phosphate derivative of an electron transfer
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avoi ds netabolismby the |liver which can be a problem
when drugs are adm nisteredorally. Typically, the drug

wo 3005084808 at ed in a | ozenge which is placed uneer/Aub®s/000307

tongue. The lining of the nout’h does not have an

equi val ent of the stratum corneumon t.he skin.sq.jt i

aﬁ%l#. or %agng%,l}fxq aqnaln irﬁj.l?ﬂ gf 10p1D d}gasdvp%vgg gYheg it \;/ag csomplexed
delivery, but this nethod of admi nistration is not

dirsethote tocapbetyl phesphale: t he rate of transport may be

| ow, achieving an ineffective result if the buccal )
Avsotdizgoghelpresott irvehtion, tarersairoddedan alkalpidefotmulati poeamprising
Ef forts have been made in the past to inprove the

theoehatin f@odicd bfbieddr rdte fkattiidOwith bA¢ omarsih@sphate derivatives of
i nternational patent application no PCT/ AU0O3/00998

ot %an‘é?eeéle&rdh&lfdh'sﬁ?a éﬁrts_phar maceuti cals wherein the

carrier conprises a conplex of a phosphate derivative

of. a, pharmaceytically.acc abl e conpound, .fo
B e e e o LA G scplpeted from the group
phosphat es. PCT/ AU03/ 00998 di scl oses that the

COHPHIRE PPF OpmEEMsRhatesderiyatyes ol doqogherok onpl exi ng

agent selected fromthe group consisting of anphoteric
Peeferfablys thetadkaleid foromilatiosuis adroinéatired topidaly oaoradly. havi ng
nitrogen functional groups and proteins rich in these
Azobrdingaoiadeconbispedt of thefivendon,iBG1 isSprowded @ mdldONe improving
the topical admnistration of testosterone, estrogen,

ti dfiPAcYoran QIMi&Qhﬂ%etWﬁsii r%;trhE @*eﬂeto'rt]"t?&llcﬁﬁ% I(hlenalkaloid with

nor phi he and atr opl ne, ove
ration s desj.red. Oral adm njstrati.on Many
offf 0B RS PP BLSSroneif met Bleltecn (st hartler of
Tgotenti ally useful drugs are rejected because they are
f Asentigvensen alsp PERYg‘iPsthethF Heccafithe egactjen predugtiof pge or more

under st ood t hat
alkaloids with one or more phosphate derivatives of one or more electron transfer agents,

together with excipients in the manufacture of a formulation.

The present invention also provides a pharmaceutical composition comprising the reaction
product of one or more alkaloids with one or more phosphate derivatives of one or more
electron transfer agents, such as phosphate derivatives of tocopherol.

Preferably, the alkaloid is selected from the group consisting of tertiary amines which are
(1) alicyclic with the nitrogen atom as a common member of three rings ( eg. Morphine,
Atropine, Quinine ); (2) are cyclic where the nitrogen is incorporated into a single ring and
alkylated (eg. Nicotine, Fenspiride ); or (3) have no cyclic structure incorporating the
nitrogen (eg. Flurazepan). More preferably, , the alkaloid is selected from the group
consisting of atropine, quinine, opioids such as morphine, fentanyl, nicotine, fenspiride,

flurazepan and codeine.
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substances such as fats are efficiently transported
through the intestines, but many others such as

wo owepsusrol are poorly transported. There is tPCBEAE2005/000307

need for systems which enable ¢nproved ora

R "G00 GHTRLP FBEIS "5 LSRRIty Ehass of Chericals which

i nprovenent in admnistration when an al kal oi d

e pherylatadmndvechi(in ghetriop-phosphopylateg Herne) can accept an electron
derivative of an electron transferagent. For exanple,

tb genaaeiantlatively istableaholecyliy radicaias aceapt oveeleyaiz td hllovashe

conpl exed directly to tocopheryl phosphate. According

dothpollfid BY B€déipatt Mty £ RiveRible FAB% Sydiéin P EQXxh?fég ofillasses of electron
al kal oid fornul ati on conprising the reaction product
I ' Wt h.on . osphat e . .

o0 8o 85 o Sp url s Rl e BB 88 PR pRUIRSS At rans ncluding
Preferably, the phosphate derivatjve of a electron .
#R%E?t@rg%a%%nq 1@é$@ii iBenpptigmernicang reagpie Spis Qupgs being the
one or nore phosphate derivatives of tocopherol.
requced ferpisyof vitamiK ik ahd bbiqiimoneshadiosy cawtendidsrineltiding detinol;
topically or orally. According to a second aspect of
calviferabamdascorbic adiér Breferalply pthe dizdtren trisfiercigbmtris selected from the

i nproving the efficacy of an al kal oid, said nethod

O dnSistifl B cSPHRRvI Ahd bERF{:H, fehifolalikahRirch Md Ri@Res thereof.

or nore phosphat'e derivative of one or nore electron

. . d
VTR S BB Bl RO S oo e
tg(li,p 5 o Iﬂ,ﬁ(rtl\é‘met%{]hglgeg 'oﬂ:‘? tgg%lg p&rl]l?c%p ?i%cgpg(se rolf \ée?r'i\lza\t/i%cs:s cc))ff 6:hydoxy

2:methyl chroman (see structure below) where R, R, and R3 may be hydrogen or methyl
groups, that is, the o-5:7:8 tri-methyl; B-5:8 di-methyl; y-7:8 di-methyl; and & 8 methyl
derivatives. In the tocopherols, Ry is substituted by 4:8:12 tri-methyl tridecyl group and
includes various stereoisomers and optical isomers (chiral centres are indicted by the *). In
the tocotrienols, Ry is substituted by 4:8:12 tri-methyl trideca-3:7:11 triene group and the 2
position may be stereoactive as R or S stereoisomers. Most preferably, the electron

transfer agent is a-tocopherol.

R1
HO
R2 0o R4
R,  CHs
CHs Ha Hs Hj H3 H3
Rq = J 9 y y y

CHy'
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together with excipients in the manufacture of a
formul ati on. The present invention also provides a
w@b@sosuseit i cal conposition conprising the reartT/an2005/000307

product of one or nore al kaloitds with one or nore

hosphat e derivatives of one or nore electron transfer

3 | Phogphatederpiabiue as used diereimta rgtes togompaimgh egslently bound

Preferably, the alkaloid is selected fromthe group
hyonedns toff ag oygendo thegphpsphuruseatomioi§ @ phasphatelgrowy) thay fdrining a carbon
with the nitrogen atomas a common nenber of three
~olx gk -(phegbhobdsdha e ThAbkypRh Afbm B4y picAley derived ¥rotf £ hydroxyl group
cyclic where the nitrogen 1s incorporated into a

: . y ? : s . _
AR GAR Y 5L 0N ORISR R econ
nitrogen. (e El.urazepan) .. .e preferabl , the .
Bk s Pt AR lﬁm&ag | Seffresh 5033@, magnesium,
atropi ne, quinine opioids such as norphine, fentanyl,
petassitmrand calsiumpnd ey other desivativervharel theadesphatenpretonds replaced by
"electron transfer agents" is used herein to refer to
othes sehstisentsfsucth endthyl o nvdthyd lgronpy ob phesphatityd pydups e Thatesin

whi ch (in the non-phosphorylated form can accept an

indledds noiRturés EfeMesphat derivehvak] dspbdlal it BBAEWRRh 8&ult Fom
radi cal or accept two electrons to allow the conpound

p'g?sﬂg‘ll% létﬁin%%&io?‘ng‘, a2 wWell\es reﬁélpéfgﬁrlé glgl%ﬁ{'&g gi%:g v uiﬁ]ggs,( ﬂ?ﬁ% ?ﬁor

sses of electron trans
e, phosphor vl at ed i ncl.ude hydroxy.chropan .

R R R R e S B G g L PGS BbRe LTR) and di-

enaHt i oneric and racenm c fornms; quinols being the
tocopberstiphasphate OF2R)ias aielligs rechi T Randqlaldees. ijiblemixtures are

carotenoids including retinol; calciferol and ascorbic
dagsiried iy intesnationgl patené agplizatiorom PERASTEY/0MFSNt i s

selected fromthe
The term “phosphate derivatives” does not include complexes of the phosphate derivatives
with a complexing agent selected from the group consisting of amphoteric surfactants,
cationic surfactants, amino acids having nitrogen functional groups and proteins rich in
these amino acids.
Preferably, the one or more phosphate derivatives of one or more electron transfer agents is
selected from the group consisting of mono-tocopheryl phosphate, di-tocopheryl phosphate
and mixtures thereof. Most preferably, the one or more phosphate derivatives of one or
more electron transfer agents is a mixture of mono-tocopheryl phosphate and di-tocopheryl
phosphate.
In some situations, it may be necessary to use a phosphate derivative such as a phosphatide
where additional properties such as increased water solubility are preferred. Phosphatidyl

derivatives are amino alkyl derivatives of organic phosphates. These derivatives may be

prepared from amines having a structure of R;R,N(CH,),OH wherein n is an integer
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group consisting of tocopherol and other tocols,
retinol, vitamn Kl and m xtures thereof. Mre

w@e@sesamd y, the el ectron transfer agent is seP@ABLDOS/000307

fromthe group consisting of the tocols and mi xtures

thereaof . The tocol s include al f derivativ
bgtwesnHyang, 8 ans Ryeand\Ho @W?Fn%lﬂ‘e{ié’ég sBort alkyfiphat W%'eé r fe3s
where R1, R2 and R may be hydrogen or nethyl groups,
cathans. B, amch%z mag by tte samie-omdiffepent. Fhe pboswhatndytl %ymvatlves are
g-7:8 di-nmethyl; and d 8 nethyl derivatives. In the

prepacgiisr dilslﬂaci%tﬂe&yﬂtd&tyt protonest thy eldetBoinltParisfer agait fmith a phosphate
tridecyl group and includes various stereoi soners and

eﬁﬁiy' tﬁal is ufeﬁrfse[c‘éed(&m m&nﬁl%nédcﬁ %s BfhandiRdifet Ry t he
2 I'n the tocotrienol Rh I's substituted by 4:8:12

dﬁxﬂa ?ﬁlﬂ%hla&r%d?oc en%raZe hte ph srplhgf1 %1% gﬁlv%rbq e eﬁe&ron transfer

position ma ereoac ster eoi soner

Nbst refera the electron trans ent is
agento QSRS oo Freparsiion o ths P‘tﬂﬁaéaéﬂd[ deriyahvoriisey abasic solvent such
used herein to refer to conpounds coval ently bound by
agpyndine br trietlylagion with phesphomesshxyelloride trprepare the intermediate
phosphate group thus form ng a carbon - oxygen -
witids 3hieromeactdwith tHeniey dposyyogroupbdOilie iamirieytoipeaducy tliskecarsesgbnding
froma hydroxyl group on the electron transfer agent.

phOSHaAATdeRghie Such S PatbH1 PA6TbeYy| HAPERAES YhApRAte.

el ectron transfer agents, salts of "the phGsphat es

Th@%&l&%l@ %r%g?ﬁion%%‘iﬁ Be &k ms%‘?edst?%nle.lH{%er | Va@iis%\%gh a variety of

ot assium an urn and
phos her substltuents

S&qﬁﬁ?ls rlgr%ggtﬁ,;ﬂ% r Otjg%:s ’éﬁ%‘Lﬁ‘?ﬁSt PERS: snéﬁpé)al}scgjes nasal

The termincludes m xtures of phosphate derivati ves,
debyrst ifenmsy dermsd deliyeryincluding pateheppnd creams, buccal delivery forms. Oral

or buccal delivery may specifically suit alkaloids which have low water solubility.
Preferably, oral alkaloid formulations according to the invention further comprise an
enteric coating. The enteric coating protects the complexes from the acidic environment in
the stomach. Oral formulations may take the form of tablets, powders, chewable tablets,
capsules, oral suspensions, suspensions, emulsions or fluids, children’s formulations,
enteral feeds, nutraceuticals, and functional foods.

The dose form may further include any additives routinely used in preparation of that dose
form such as starch or polymeric binders, sweeteners, coloring agents, emulsifiers,
coatings and the like. Another suitable additive is a complex of a phosphate derivative of an
electron transfer agents may also be utilized where additional properties such as improved
stability or deliverability may be useful. The term “complexes of phosphate derivatives” refers
to the reaction product of one or more phosphate derivatives of electron transfer agents with

one or more complexing agents selected from the group consisting of amphoteric surfactants,

cationic surfactants, amino acids having nitrogen functional groups and proteins rich in these



phosphoryl ati on reactions, as well as each of the
phosphat e derivatives al one. For exanple, the term

WO ninscogisss a i xt ure of nono-tocopheryl phosphaper/ATRNS5/000307
and di tocopheryl phosphate (T?P) as well as each of TP

and T2P al,one. Suitable m xtures.are de i | -
sPRAeHiR e SRAIOSSSE SR R S OB PRORP I D76, ncorporated
The term "phosphat e derivatives” .does, not, i ncl ude
nemsHpER e iuch Ay erds bt OB K ipypogant 1§ ensure that there
conpl exi ng agent selected fromthe group consisting of .
veasshotse clectren iransferagens present i thefosmplation.afther seitabladditives will
aci ds having nitrogen functional groups and proteins
beireddillyappiresteo alnase skidied éisthe Brtef er abl y, the one or nore
phosphate derivatives of one or nore electron transfer
5 m@arﬁe%c.tiﬁﬁﬁ@h?fmqﬂmfvﬁ;agathe group consisting of
nono-t ocopheryl phosphate, di-tocopheryl phosphate and
1 XL ur t eof . st ef er abl
PR B b SR to BB AeaE 8o Bt P,
agents is a mxture of nonp-tocopheryl phosphaje.an
CHIVIESYE BHRAGE SEBLBMINS PiTFods GREREYeresh POmEcte for Hﬁi?? pyerage of
necessary to use a phosphate derivative such as a
Ighbefpiecapplicatigny neingieeMaripgeaplypasoper ti es such as
i ncreased water solubility are preferred. Phosphati dyl
Rigure 2atllypial differeatinlnef hahik ydte dasusvtithe verye oDatar aye fiom pig 1 during
phosphates. These derivatives may be prepared from
10 répllcaes! WAY a9 tated Wﬁtﬁﬂéﬁra@‘o ié\lfl{ég\lre it }Mggls%)_ﬂ Theltfeatment
an

an i ntegerbetween 1 and 6 and may be e€ither

a@l@%}tﬂ@k gé&\fxﬁlngé@ at %qugels %& Qon%{n%drﬁog %%H%@%{%g ?‘?18 S]/)F;i@cpgver which

e Saine or eren

derivatives are . . D
1§erent1a s were averaged is indicated by the straight lines.

Figure 3: Effect of various base creams on heart rate in pigs. Data are cumulative
averages over 10 minutes periods and have been corrected for basal (average of 1 h before
15  application) using covariate analyses.
Figure 4: Typical heart rate versus time curve. Data are from pig 1 during replicate 1 who
was treated with preparation C (ie the very pig used). The treatment application
commenced at 0 minutes and continued for 6 minutes. The period over which differentials
were averaged is indicated by the straight lines.
20  Figure 5: Effect of treatment and time flinch response after heat probe application
Figure 6: Effect of morphine 1.35, 2.7 and 5.4 mg/kg in TPM-01/M formulation on paw
withdrawal latency, tested up to 8 hours.
Examples
Various embodiments/aspects of the invention will now be described with reference to the

25  following non-limiting examples.



prepared by displacing the hydroxyl proton of the
el ectron transfer agent wth a phosphate entity that
WO 3005k81878 eact ed with an am ne, such as et hanoP@IAnz008/000307
NSN dinethylethanolanine, tolfenerate the
hos qtldyl derivative of the electron transfer
ﬁ”éﬂ’?‘ One nethod of preparation of the phosphatl dyl
erivatives uses a basic solvent such as_pyridine or
This examn ﬁmVﬁ%tlgmetsrﬁhep%wsﬁmabé%h%say@ml&% Qfopérouoalepw @damulation
the internmediate which is then reacted with the
deyondingyto gheoinperdfont Hdisexpaement ipvastigated thieeeffects of dermal penetration
correspondi ng phosphati dyl derivative, such as P

dffatropine WHef @ppiel ivlge Dol Gna@erm r&@@ﬁﬁ@ﬂt e. The al kal oid
formul ati on may be adm nistered to humans or animals

5 Mbihedgth@EmY@nhety of dose forns such as suppl enents,
enteral Teeds, parenteral dose forns, suppositories,

sal liv [ivery includi
A5 L R bR e b Wt BEAEgre.  aion
buccal delivery pecifically suit alkal oi ds whi .
tA SRECARRANGRLE éPe%f&‘{hﬁ?QW’t%'/I ofmbee‘fré?ramptale%ﬂw afplkcamgd 12% Uttrez-
formul ati ons according to the invention further
Wopbomer-3h sehttionj 0.260aT iethanotdngineft. EYei Sureida DMEBMH and
protects the conplexes fromthe acidic environnent in

DéienisédWwRedt up@ a00%or mul ati ons may take the form of
tablets powder s, chewabl e tablets, capsules, ora

10 IR TSH a84'S %@ﬁ LOMRBined Wx‘ﬂh‘ca'tx‘a ﬁxe %‘iocfdcé’ b $Srmulation according to

Chl dren"s fornul ations, enteral
¢! r{v% éjr{ﬁ g(?(gjnﬁ%ﬁltlo g #a(:r}d(]%ﬁ%ld\t}%e opgu]tagﬁrgﬁ %d}:%s torﬁle prior art
%eﬁ@%é%%@g% Beensdt gﬁa%é%@fq@% 258 Peigpiagent o

enmulsif ers

Code | Composition

A 1.27% Deriphat 160

B 7.5% of 40% disodium lauryliminodipropionate monotocopheryl phosphate and

lauryliminodipropionate ditocopheryl phosphate

C 0.77% Arginine

D 7.5% of 40% arginine monotocopheryl phosphate and arginine ditocopheryl

phosphate

E 7.5% of 40% arginine mono tocopheryl phosphate

F 3% mono tocopheryl phosphate

G 3% mono tocopheryl phosphate and ditocopheryl phosphate

H 7.5% disodium lauryliminodipropionate mono tocophery! phosphate
I 1.5% Triethanolamine

J Tocopheryl phosphate and di-tocopheryl phosphate
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coatings and the like. Another suitable additive is a
conpl ex of a phosphate derivative of an el ectron

WO ean®84rs agents may al so be utilized where adedt/ATz@s/000307

properties such as inproved sthbility or

deliverability may be useful. The term "conpl exes of
phosphate derivatives" refers to the reaction product

of one or nore phosphate derivatives of electron

Ten awredé enosshyah(large wititeonbamdraed pigs Cimitjal exérage weight $1.5 kg and final
sel ected fromthe group consisting of anphoteric

aSetag@ntight 6f 6100k E)OPre utilisddas ta ttperiai®ntl OF G\ idd§s prdori t the study
nitrogen functional groups and proteins rich In

f%%‘;ﬁ%? ?2%8?8%%"@&??&\%%@5’3%1°°?ﬁ%?}%E’P’?‘?“a@ 5@ty 065 ™

erence, an ad P ti.v ed .it .
if s Gpaitenyl o P e inurdiofdRrind @é:}en% F‘B%P?rb‘ﬁP th hair on the
transfer agent present in the fornul ati
bagk ef1be elgaerms remeredyith amal ‘émﬂ’Flsyioéﬁﬁbar[éﬁtA)thH?‘M%'éY regular
skilled in the art. Brief Description of the Draw ngs
skaving with an Efetwicthuofanshave (Bhikishave HiQS 0f b —RHiligs Awst PgnLtd).
heart rate in pigs. Data are cunul ati ve averages over

El43tiobelts were@lsoqisced BEbuRa Ve dHRSIDIEIR pigs tordtchfsmhBeako wearing the
(average of 1 h before application) usi ng covari ate

hePta(S D nitdrs I Wk 9162startT¥ﬂh§ e?ﬂn{efn?f}@%ﬂ ﬁ'igs Biat RERRAd Bet 5 the

versus tinme curve. ta are from pi g uring

em? | C%& g?ci]' belg&l%ﬁﬁ%gi)htné -?A%:téeege,le\é:\%ettq Pglﬁthoggﬁaﬁtuégﬂ] gl;pgreewere%o pigs in
%om’renced 7;}%0 m nutes and continued for 6 m nu

ReCTS BERso ol By Rhysigal separation af b piasiayoided énbap%tﬁafgaé &onf%wt between
indicated by the straight lines. Figure 3: Effect of

sigaals dtom tha heart rasamoniors vdught all epesatedatthe samdfequeacy The ten pigs
cunul ative
were divided into two groups of five (odd and even numbers) and utilised on alternate days in
the experiment. An experimental replicate was therefore performed over two consecutive
treatment days. Within each replicate the ten pigs were randomly assigned to one of the ten
treatment groups, therefore each pig was used for data capture on five occasions, and each
treatment was applied five times.
On each measurement day by about 08:00 the five pigs under experiment were weighed, fitted
with heart rate monitors and recording of heart rate at 1-minute intervals commenced. Human
heart rate monitors (Polar Sport Tester PE4000 - Polar Electro Finland) were used to capture
heart rate data. Chest belts with in-built sensors and transmitters were fitted around the pig’s
chest just behind the front legs. These belts had a liberal coating of an ultra-sonic gel (Virbac
Aust Pty Ltd) applied to the sensor contact areas to ensure a good heart rate signal was

obtained. A second belt fabricated from 100 mm wide elastic and velcro was placed around

the pigs over the transmitter belt. This belt protected the transmitter from physical damage
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averages over 10 m nutes periods and have been
corrected for basal (average of 1 h before

wa@ppkiog@mrs on) using covari ate anal yses. Fi gur ePdI/AU2005/000307

Typi cal heart rate versus tinmd2curve. Data are from

pi ring replicate 1 who was treated wit, .

e 3@4@5 pandist firstorsss of theyngit (ropiyie OBy o popstvatch)
application comenced at 0O minutes and continued for 6 )
during thegecordig periado dAroarea omthie backyifithepighwasithen pkaved with the electric
averaged is indicated by the straight lines. Figure 5:

hhfa6gchavef. Withéi thisishaveddreaian®@mplaicaad perampertsgarkérivess used to outline
heat probe application Figure 6: Effect of norphine

alredan Zticﬁ‘tlf’&nﬁ?ﬁ[g)li@ﬁ{oh%éaguf THVs QP ng QY hihy. Fee®WaPBéh offered

wi t hdr awa atency, tested up to 8 hours. EXanples

i . ' / ects j I QN.-W
o 00, QAT HETRGRNTT P SFARTTEE 2P0 DHE ToBHFRh it A Yegun o
non-limting exanpl es, Exanple 1 Thjs anpl ) .
l?fﬁbé%&@féﬂ%&@ﬂﬁ%ﬂ%@\%f%@wr ing, Theseisiagiwesring protective
atropine in a formul ation according to the invention. )
rybhes gloxpearphiecheach of thettesy formulatipns le%ﬂelwsngﬁs- ddisriayolved rubbing
penetration of atropine when applied in gel formon

theprotudtsine thé skih 9 the it Whitksanaaaslstamttdirectad svadh i fionear @éctric hair
nmg/ kg) was fornulated in the foll ow ng base creans for

drfs bhiddthe ratMest dkdaO RubBink Was ARERRAAEEY Shed aﬁs{bﬁi&rﬁa@ely 8 to 10 minutes
bel ow, all of the creans contained the follow ng:” 12%
wheh't#skin surface became tacky to touch. Three (10 x 12 cm) transparent dressings
(Tegaderm — 3M Health Care U.S.A.) were then applied over the treatment area. Following
treatment application the pigs were left undisturbed for the remaining 6 to 7 hours of the
recording period. Syringes and gloves used in treatment applications were weighed before
and after application to enable accurate calculation of the actual doses applied to the pigs. At
the conclusion of the recording period, the heart rate monitors and the transparent dressings

were removed and the treatment application area was washed down with warm water

containing a small quantity of a liquid handwash.
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aver age wei ght of

Four days
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8.7
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1.1
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20.0

4.9

7.1

10.41
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60 — 120 min

37.8

22.8

35.6

14.1

21.7

22.6

46.8

40.9

13.2

19.0

12.58

0.045
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13.0
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13.2

-1.4

12.8

20.1

21.2

8.0

11.71
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treat ment groups,
capture on five occasions,

wappsioed7s i ve tines.

therefore each pig was used for data
and each treat nent was

08:00 the five pigs under expdfiment were wei ghed,

fitted with heart
rate at 1-minute intervals commenced. Human heart

nonitors (Polar Sport Tester

rate nonitors and recordi ng of heart

PE400O -

Pol ar

rate

El ectro

On each neasurenent day bRCEHAU2105/000307

Table i Bffectidf varicus atepinopreparations soaveragetheavtaate ovrehk minute
belts with in-built sensors and transmtters were
intervdlst t ed around the pig's chest just behind the front

| egs. These belts had a |iberal coating of an
wtr%sumyaaé(wbmngﬁ?HyGI PP 11€d[ Tq thged f
serlsor ¢ontag¢t arpas fo ensure|a godd heart rpte
sgrat—was—ebtalnrpd—A-—csecond hRelt #abrisatedf+of
Log Pl i ahi 42041 Aspi b2-AR42Y b [ PO Sl Al Arauigig 0233 0078
mghgs over the trapsmfter |pelt.| Thig bel{ profecteld
rate bRt ramsmit{er ffom physijcal damagg¢and {ncl uped a
pogket flor sior of 1t he Imni tlor récording unit
(si[HR10] GWB) A GiAT K9] €99 [daFDr §23 ¢ (08% HF290h(18%r |i od.
_An lare n the back of the pigg wasl|then| shaved with
Log timerig 1198 ¢t 90 | hidfm[l -&RaV-E26 | MISTHilF738 hil F34 hhvet| hi¥s 04953| 0.452
tenpl at ¢ and{pernpnen{ narfker was used tp out]ine ja
peak (nHglgt angll ar {reat frent |appl| catilon afea of 172/ 5 cnp
(79 x 230 Febd n offfered at 100 gf kg
| i éeDgiR0.2) Y6 7B [74. DE(SRG) |1§6 g2)+ (A0 O(54/2a) (58T Hat -weint
apgdlicatlion was _begunjat lleast [1 h after]|the
Log comPel2éefdal | 0/17hp&odo] 0.661g X:220¢0dBAg0.250 [ @1t &f¥7 [0.1568]<0.001
wegri ng|protective rubber |gl oves appl i ed| each] of tjhe
ascendingqt fonnulations|in % m |syringes. [This|invo] ved
rulgbi ng|the produrts into [the gkin ¢of the pig|l whille an
slope' asdi staft difected wafmaijr frgman|eleciric hair
drver omto the treatngnt area. |Rubbing whs
di §¢hsa)if aueg | at4spf0.appnds) [ass| 2. ®){ a.78)| (ricauf@s1)
Log -0.2441-0.312-0.206 |-0.124{-0.186-0.393 | -0.375|-0.427-0.299 | -0.049 | 0.1095 | <0.001
descending
slope'?
(0.57)[(0.49) | (0.62) [(0.75)[(0.65)[ (0.40) [ (0.42) [ (0.37) | (0.50) | (0.89)
Log ratio | 0.354]0.292 | 0.393 |0.072|0.264 | 0.624 | 0.808 | 0.680 | 0.495 | 0.196 |0.2052|<0.001
of slopes
(2.26) | (1.96) | (2.47)[(1.18)[ (1.84) [ (4.21) [ (6.43) [ (4.79) [ (3.13) | (1.57)

" units are bpm per min  units should be negative but were multiplied by —1 so that a log

transformation could be performed.




when the skin surface becane tacky to touch. Three (10

X 12 cm transparent dressings (Tegaderm- 3M Health
W@E20068/0846& A.) were then applied over the treatP@AU2005/000307

area. Follow ng treatnment application the pigs were

| eft undisturbed for the remaining 6 to 7 hours of the

recordi ng period. Syringes and gl oves used in

treatment applications were wei ghed before and after

Tapbid 3. Effdcoof Variausdizse ceeaapadparstidsuinsdviesagaliearheate over 60

actual doses applied to the pigs. At the concl usion of

nififte iaE@valkNg period, the heart rate nonitors and the

transparent dr essi ngs were rennved and the treatnment

appticatTon dlﬁdh VLS an ?/Wl ! nG T YeT 7 T sed X2
containing a uant y |0 i quid

handvwash._ Resllts Ta e_1 Efif ectl of Ivarilouslat rnpi ne

Heprgrtg (hpmbns| on faverlage |hearft rdte qver |60 1fi nufe

intervals Tahl e Hifeqt ofl vardi oud atnopige

-af-ehpminat i ons| 6 plAdr [alfd [ndr|t146 41187 dVids | 885 filAdid 32 | 11.1]0.283
intervals. units! are bpm perl mn unilts shoulld be

Orefainve but| W elddull 1290l i4dd 139 |-123 |42 HE0 |d2B ¢d28 | 10.7 | 0.141
transformatipbn cloul d be |perflorned. Tabl e|3. kffec¢t ol

60arlROmin base| taSefad2pr 4qridUi|joidd |da2 avaP ageo haad t 18y 0.9 | 0.587
over 60 mnufe ilnterjval 9. Di|scudsi on and comcl usi on

1Iheldahia sugpEst s12ashar26t|r Bngdaes idll9 aapo ij das if am9 ¢fi24 | 6.7 (<0.001
atropine wil] incredse heart| ratfe in the pig witth tlhe

1p@ak4oamur r i hpsap@1oxizedgt By 189 [monuties |ab2 eni4 | 122 | 8.7 | 0.358
application.| Thel datla al|[so qugggsts (that the base

2480 £30Bmal one| thy [Npk || 3erledsq nedrit21ase [and [ubat 10née 9.0 | 0.040
affects of the

300 — 360 min 131 | 120 | 132 | 127 | 116 | 110 | 134 | 126 | 110 | 125 | 6.0 [<0.001

Difference from baseline (bpm)

0 — 60 min -441-51|-165| 1.4 | -6.6 | -6.3 [ -2.7 [-12.5] 09 | -5.8 | 6.16 | 0.162
60 — 120 min -16.7(-15.31-20.1| -3.8 |-10.3} -7.0 | -6.5 {-13.7| -5.5 | -4.4 [11.44] 0.708
120 - 180 min -15.0]-16.0(-21.1] -9.9 | -9.8 | -9.8 |-15.8| -8.3 | -4.1 | -8.6 [12.62] 0.971

Discussion and conclusion

The data suggests that transdermal application of atropine will increase heart rate in the pig
with the peak occurring approximately 60 minutes after application. The data also
suggests that the base creams alone do not increase heart rate and that the affects of the

preparations are due to the atropine itself.



10

15

20

25

preparations are due to the atropine
itsel f.Formulati on G which contains the tocopheryl

w@bwspmre/ di -t ocopheryl phosphate m xture pror¢Tau2008000307

best delivery systemfor atropéne. The heart rate

i ncreased and remai ned sustai ned for | onger periods
conpared to the other fornulations. This is shown in

table 1, where under the heading "D fferences from
Hoaselaiioe'G whieh vantains thettotdpheid fhosphateditboopheriPfhasphate mixture
are greatest with G Table 1 denonstrates that

provided @k bedt delivery Sgdiérh $oreilobiheMIThe hedrt £6d inéfealddPdhdaemained
simlar concentration of atropl ne 1n conposi ti1ons

3 e I r - O I« .

SGRBRE R Tohel o G e 10 PR P e AR TRR Y Showm n able 1,

hows that .there is..a consistent.ipcreased effi .of
e st Pisiheadipe - DL pRRom Fasping s Aty 3 had-Pinis and 60-
log tinme to peak and, inportantly, |og ascendi ng sl ope
120 &nip gee greafewtvdthg. Jrblsd. demenstrates thatfeormulation 43 ismensistently more
according to the invention caused no inflamation,
effactivel tharap piedlas cpessirition dfatrapinem ponopasitiped costaimiig the
contact without causing irritation. Exanple 2 This

le-AmiRdiploasidigaicephdriiptetiReds. of transder nal
delivery to pigs of norphine. The skin of pigs has

The TVARA Y cffgﬁé §dt8sh T@)l?g 'gﬁ(;\)vss@cl{]th@l% s & Qo ée}rtitilli@eﬁ%% Ffﬁcacy of

is an excell ent node r studyi ng derna very

drugs. This stud S i gned to assess the | evel. of

G Gion G et S in 5 sl o 156 Bl Peqi 4 ibortanty,
response to a heat (620C) placed on the runp foll ow ng
logascendipg slaphand lasdpseending slope.

Further, the formulation according to the invention caused no inflammation, thus it appears
possible to allow prolonged dermal contact without causing irritation.

Example 2

This example investigated the effect of transdermal delivery to pigs of morphine. The skin
of pigs has similar properties to human skin and as such the pig is an excellent model for
studying dermal delivery of drugs.

This study was designed to assess the level of analgesia as measured by a delay in the tail
flinch response to a heat (62°C) placed on the rump following the transdermal delivery to
pigs of morphine.

Flinch test data were analysed by REML (Residual maximum likelihood) with treatment
and time as the fixed model and pig, replicate and flinch time at time zero as the random
model. Data were initially analysed raw but because there were some skewed data at 6 h
they were also log-transformed for analyses. Either analyses provided essentially the same

interpretation.



pi gs of norphine. Flinch test data were anal ysed by
REM. (Residual maxi mum likelihood) with treatment and
wo 2ovs/0sss78 he fixed nodel and pig, replicate aneCT/AUz®E000307
tlma at time zero as the randdfm nodel. Data were
é anal sed raw but because there were sone
9\%‘&” formul @nﬂ“teff’e")? re also | og-transformed for
anal yses. Fither analyses provided essentjally the

Gaddee i nt dr@empasitiom. The fol | owi ng fornul ati ons were
tested: Qverall, the flinch tine for pigs treated with

AGMpar at i qqoﬁﬂﬂmadoxmgﬁtﬁm@asf)érimhapﬂéne than any of
the other| treatnents (2.63, 2.88, 4.82 and 3.17

ARGconds T|of,, (1 ﬁﬂ"mm%’m plevand ARMT Tabte 47
ngl'y

Interesti the Tesponse s gr eat est at 6 h after

+ af f
L 3
I

AT Eﬁi';rwramsan%%rﬁvfﬁam A R A P I T

context tlhe flinch test was 133% qareater at 6 h in

Al gs t r eqtEampatian Navite oaparphine.o AG There was an
indicatidn that AHM had a greater flinch tine at 2 h

after treatnment when conpared to the control AH, but
this was not sustained. AHM did not provide the

Ol 2 tHRSH n1ESHE Fy pgY tedatdtBi®h PRp ARG AGM I1‘1ac§\(a?‘§¥ea|té?' flinch time

concl usion, the data denonstrates that transder nal

ﬂ%laln %ﬂ’heog(tlxjtg%egm&?s %3a2 gg ﬁ%g%d 9T7agc%glrg%fo§graefl enlgs AG, AH,

I nve rovides'r SUS SI a

s Bt ATt ot e r%bkfé%és”%@%%%?m% iratment

according to the invention caused no inflanmmtion,
(Figuee ﬁ)tsuwg@rg & systairddiffect, particularly when compared to the control AG. In

this context the flinch test was 133% greater at 6 h in pigs treated with AGM compared to
AG. There was an indication that AHM had a greater flinch time at 2 h after treatment
when compared to the control AH, but this was not sustained. AHM did not provide the
10  sustained results which were obtained with AGM.
In conclusion, the data demonstrates that transdermal delivery of morphine in a
formulation according to the invention (AGM) provides rapid and sustained analgesia as
measured by a delay in the tail flinch response to a heat treatment at 1 to 6 h. Further, the
formulation according to the invention caused no inflammation, thus it appears possible to

15  allow prolonged dermal contact without causing irritation.



al | ow prol onged dermal contact w thout causing
irritation.1 Table 4. Effect of treatnent and tine

wo baososusreesponse after heat probe application PCT/AU2005/000307
(seconds) 1 Val ues in parent heldes are | og transforned.

d err.or rence for t x treatnent. .
b Rifeetf Pearfont pid Bate BFE Fesmonre A1)eThsss pEADE Sppeation
0. 497, respectively. Exanple 3 This exanple
(se¢ansls}'i gates the effect of different fornul ations
according to invention when conpared to a control
Tinss after treaimbenk @) t ocopheryl phosphate on Sigrﬁﬁsﬁﬁe(rpzl)
delivery of norphine to rats. Methods Ahi mal s:
ConscI[ous; Sprjag Wey RIts £~ 2 et :
Tr ansd errr%al For%l atli onAYPreparé:ltl cgyeélglo ’I’ﬁ@at ﬂ&% T
lt+d (pcdt Al noid Andahy 292904

Ol oyt Aict v alll A Dt vy
UANU \U (=9 1 y C v pw =T =
Afdor phi nel-$3 ed bA6% aso-2r i|veti T r grvSic | THP%h fi &
aqueoys sol utli on by {the addition of potAssium
AHar bonat310 Thi s2.p4 oqesk6tag cobbpl ¢t ed af Mongsh
Uni versity. ((Morphine HO gould naot be psed vith

AGManyg, %96 free3base vwpsg used 4Morphi ne|l (10 o/ kg) [ was
appligd in edgch of tthe forrfulations set|out ijn Table

The of feCl VWig, f%@—’au Uy bdl(:‘ detaypd Tegponse|of

the rat to hgat” wth =Iay Injtime takeni{to
- |

\
062 | 0.45

an ac fho nr\f| an nf rnhl

t
G KO N KO KR K A K KT

AH (0.313) | (0.335) | (0.465) | (0.438)

AGM | (0.460) | (0.470) | (0.570) | (0.622)

AHM | (0.410) | (0.466) | (0.440) | (0.458)

"Values in parentheses are log transformed.

*standard error of the difference for time x treatment. For treatment and time effects
multiply by 0.511 and 0.497, respectively.

Example 3

This example investigates the effect of different formulations according to invention when
compared to a control using complexed tocopheryl phosphate on transdermal delivery of
morphine to rats.

Methods

Animals: Conscious Sprague Dawley Rats (~ 280 g) n=6 per group.

Transdermal Formulation Preparation: Morphine HCI, Glaxo Australia Pty Ltd (catalogue
number 22284). Morphine free base was derived from HCL form in aqueous solution by
the addition of potassium carbonate. This process was completed at Monash University.

(Morphine HCI could not be used with creams, so free base was used).
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Morphine HCl USP- | Active - - - 54%
NF Ingredient
Ultrez-10 carbomer- | Excipient 0.36% 0.36 % - -

3% solution

Carbomer 934 USP- - - - 0.36% 0.36%
NF

Triethanolamine Excipient 0.25% 0.25 % 0.25% 0.25 %
(trolamine) USP

Surcide DMDMH preservative 0.10% 0.10 % - -
Germall 115 preservative - - - -
Methylparaben USP- | preservative 0.10 % - 0.10% 0.10%
NF, BP

Purified water USP- | Solvent QS 100 % QS100 [ QS100% | QS 100

NF % %
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surrounds the plate and paw-lick response is monitored. An increased time period before
paw-lick response indicating analgesia.

Rats had a hair removal cream applied to a dorsal hindquarter area of skin (under
anaesthesia) at least 24 hours prior to any transdermal patch application. Conscious
Sprague Dawley rats (~400 grams) received morphine at a dose of 10 mg morphine HCIl
per kg body weight. The formulation contained 10% w/w morphine.HCI, and for a 0.2 kg
rat the amount applied was 20 mg of formulation that contained 2 mg morphine. HCl. A
single application was used in the morning, with measures of the analgesia made at various
time-points. The skin area exposed to drug/vehicle was then covered with a Tegaderm
patch. All animals underwent analgesic testing before and after morphine administration.
Results:

Figure 6 illustrates the results achieved with each of the formulations. The results show an
increase in response time, indicating analgesia, in a dose-dependant manner. The control
test of gel with morphine but no TPM show the essential requirement of TPM for the

transdermal route to work. Results are expressed as change in withdrawal time compared
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fornmul ati on according to claim4 further conprising an
aéﬁtl@am@lqpmnqng? ackhe al kal oi d fornul ati on according to
claim4 wherein the fornulation is selected fromthe
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tablets, capsules, oral suspensions, suspensions,
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TP/T2P mix, and a control gel with base excipients and morphine but no TP/T2P) the
results show that morphine is best delivered when formulated with the TP/T2P mix.

The word ‘comprising’ and forms of the word ‘comprising’ as used in this description and
in the claims 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.
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4 thereQf alkaloid formulation according to claim 1 wherein the formulation is an oral

formulation.

5 The alkaloid formulation according to claim 4 further comprising an enteric
coating.

6 The alkaloid formulation according to claim 4 wherein the formulation is selected

from the group consisting of tablets, powders, chewable tablets, capsules, oral
suspensions, suspensions, emulsions or fluids, children’s formulations, enteral

feeds, nutraceuticals, and functional foods.

7 The alkaloid formulation according to claim 1 wherein the formulation is a buccal
formulation.
8 The alkaloid formulation according to any one of the preceding claims wherein the

electron transfer agent is selected from the group consisting of hydroxy chromans
including alpha, beta, gamma and delta tocols in enantiomeric and racemic forms;
quinols being the reduced forms of vitamin K1 and ubiquinone; hydroxy

carotenoids including retinol; calciferol, ascorbic acid and mixtures thereof.
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consisting of mono-tocopheryl phosphate, di-tocopheryl phosphate and mixtures
thereof.

13 The alkaloid formulation according to claim 12 wherein the one or more phosphate
derivatives of one or more electron transfer agents is a mixture of mono-tocopheryl
phosphate and di-tocopheryl phosphate.

14 The alkaloid formulation according to any one of claims 1 to 11 wherein the one or
more phosphate derivatives of one or more electron transfer agents is a
phosphatide.

15 The alkaloid formulation according to any one of the preceding claims wherein the
alkaloid is selected from the group consisting of tertiary amines which are alicyclic
with the nitrogen atom as a common member of three rings; are cyclic where the
nitrogen is incorporated into a single ring and alkylated; or have no cyclic structure
incorporating the nitrogen; and mixtures thereof.

16 The alkaloid formulation according to claim 15 wherein the alkaloid is selected
from the group consisting of atropine, quinine, opioids, fentanyl, nicotine,

fenspiride, flurazepan and codeine.
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claim 21 wherein the electron transfer agent is

t 0COP{IRAISid is morphine.

19 A method for improving the efficacy of an alkaloid, said method comprising the
step of reacting the alkaloid with one or more phosphate derivative of one or more
electron transfer agents. |

20 Use of the reaction product of one or more alkaloids with one or more phosphate
derivatives of one or more electron transfer agents, together with excipients in the
manufacture of a formulation.

21 A pharmaceutical composition comprising the reaction product of one or more
alkaloids with one or more phosphate derivatives of one or more electron transfer
agents.

22 A pharmaceutical composition according to claim 21 wherein the electron transfer

agent is tocopherol.



