1 CARRIER FOR ENTERAL ADMINISTRATION Field of the Invention
This invention relates to a carrier for use in the enteral administration of
biologically active compounds. Background of the Invention In this
specification, where a document, act or item of knowledge is referred to or
discussed, this reference or discussion is not to be taken as an admission
that the document, act or item of knowlddge was at the priority date: part
of common general knowledge; or known to be relevant to an attempt to
solve any probler® MR IARARANESHECRAAtIAD M BohcERAed Oie major
objective in drug delivery is to obtain an appropriate biological effect at a
desired site of action. The choice of formulation can be critical to the
efficacy of a drug since the bioactivity of a drug will be sub-optimal if it
bitséd ¢{dhpdBYILAMe correct physiochemical properties to allow release
from the formulation at the target site of action. Drugs are_presented in
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Enteral refers to forms of administration which involve entering the body
Fre gastrointestinal (Gl) tract. Parenteral refers to all forms of
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relevant to an attempt to solve any problem with which this specification is concerned.

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

Drugs are presented in different forms which are usually classified as enteral or parenteral.
Enteral refers to forms of administration which involve entering the body through the
gastrointestinal (GI) tract. Parenteral refers to all forms of administration which do not
involve the Gl tract. This classification highlights the fact that the Gl tract introduces
specific pharmacokinetic issues which do not arise with parenteral routes, in particular, first
pass metabolism through the liver. Generally the form of administration differs markedly as

illustrated in the following table.



Enteric-coated preparations Subcutaneous administration
Sustained-release preparations Intramuscular injections Oral liquid
preparations Intravenous injections Bucchal / Sublingual administration
Topical preparations Rectal administration Transdermal administration
Enteral delivery involves administering the drug via the Gl tract where the
drug is absorbed and distributed via the bloodstream to the target site of
action. Drugs delivered orally are absorbed through the intestine, drugs

deliveree A bmaobadyoare absorbed throughréhemoadimiaidgiatgs delivered
rectally are absorbed through the rectum. Oral delivery is dependent on
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formulation has been swallowed it travels through the esophagus to the
StaARN.LRe Siamagh-aas three tasksyadas (1) tomagehigth reduires
the upper part of the stomach to relax and accept large volumes of
suallowed materigl 2) gombine the swalawed paterial wih digestive
juice which requires'the lower part of the stomac {0 Hix thése materials
by its muscle actign; and (3) empty its contents slowly into the small
nR L R RS ors. affect emptyitdMBYERE-SNRER M Sncluding the
nature of the food (mainly its fat and protein content) and the degree of
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food is digested in the small intestine and dissolved into the juices from
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and pushed forward to allow further digestion. Finally, all of the digested
nutrients are absorbed through the intestinal walls. The undigested
materials are propelled into the colon and expelled. The normal 3
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from the target site areél) when the stomach empties the drug into the

A MistHRsaf via the @5)@ grﬁﬁq@tgﬁgﬁfq;get site of action. Drugs deq ivered orally are

absorbed through the intestine, drugs delivered bucchally are absorbed through the mouth

and drugs delivered rectally are absorbed through the rectum.

Oral delivery is dependent on the normal digestive processes of the Gl tract. Once the oral
drug formulation has been swallowed it travels through the esophagus to the stomach. The
stomach has three tasks to do: (1) storage which requires the upper part of the stomach to
relax and accept large volumes of swallowed material; (2) combine the swallowed material
with digestive juice which requires the lower part of the stomach to mix these materials by its
muscle action; and (3) empty its contents slowly into the small intestine. Several factors
affect emptying of the stomach, including the nature of the food (mainly its fat and protein
content) and the degree of muscle action of the emptying stomach and the small intestine. As
the food is digested in the small intestine and dissolved into the juices from the pancreas,
liver, and intestine, the contents of the intestine are mixed and pushed forward to allow
further digestion. Finally, all of the digested nutrients are absorbed through the intestinal

walls. The undigested materials are propelled into the colon and expelled. The normal



the intestinal tract before absorption. Unfortunately, these processes

cannot be controlled. However, by instructing a patient to take a drug

before, after or with food it is possible to optimise the effect of these
processes. The chemical environment of the Gl tract is also important to

oral drug delivery. The drug must be in @ form which is stable at the

different pH of the various parts of the Gl tract. If the drug forms a
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this will decrease absorption. The drug must also be in solution in the Gl
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forming solid particles and thus leaving the solution. Adsorption onto
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the drug from solution. Both sedimentation and adsorption decrease
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Further, if a drug is absorbed through the intestinal or stomach wall, it then
hasthpessaltemouigimtend v Ere Ghérdistas msdasiporéahteoaiinlidaug deligegy, The drug
compounds from the body. As a result, a significant proportion of the drug
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reaches the bloodstream. It is possible to reduce the effect of the liver on
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the mouth (bucchal / sublingual) or the lining of the rectum
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drug, that is removing the drug from solution. Both sedimentation and adsorption decrease
absorption of the drug. 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 drug uptake.

Further, if a drug is absorbed through the intestinal or stomach wall, it then must pass
through the liver. The liver is designed to eliminate foreign compounds from the body. As a
result, a significant proportion of the drug (for example, 40-50%) may be metabolised and
excreted before its reaches the bloodstream. It is possible to reduce the effect of the liver on
enteral administration by having the drug absorbed through the lining of the mouth (bucchal /
sublingual) or the lining of the rectum (suppositories), however these routes are not always

appropriate.

The role of the drug formulation in the delivery of drug to the target site of action should not
be ignored. With any drug it is possible to alter its bioavailability considerably by

formulation modification. Since a drug must be in solution to be absorbed from the Gl tract,



you may expect the bioavailability of a drug to decrease in the order:

solution > suspension > capsule > tablet > coated tablet. This order may

not always be followed but it is a useful guide. Attempts to improve the
bioavailability of enterally administered biologically active compounds

involve either the formation of prodrugs,4or example morphine sulphate or

the use of excipients which improve absorption. There is still a need for
yoitenay foqpact dtobieavenliah I fty tifer dnop tovde creadei oatvailaiddity sofution > suspension
biologically active compounds. Summary of the Invention It has been
fotandulleat taldelrFiedogiethiablsitiohhddangigisigy pbiodplasisais dolideed dwt it is a useful
transfer agents increases the efficacy of biologically active compounds
@idiffinistered enterally. According to a first aspect of the invention, there

is provided a carrier when used in enteral administration of biologically
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or more phosphate derivatives of one or more electron transfer agents,

stechf asoutiesphdte tenyateedsaitono phere iestidcondet fof trgethdonmtiations
other excipients, in the manufacture of a carrier for enterally administered
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pharmaceutical composition when used for enteral administration
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comprising an effective amount of one or more phosphate derivatives of
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tocopherol or tocotrienol. According to a second aspect of the invention,
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enterally administered biologically active compounds, said method
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carrier
administration of biologically active compounds, said carrier comprising an effective amount

of one or more phosphate derivatives of one or more electron transfer agents.

The present invention also provides for the use of an effective amount of one or more
phosphate derivatives of one or more electron transfer agents, such as phosphate derivatives
of tocopherol or tocotrienol, together with other excipients, in the manufacture of a carrier for

enterally administered biologically active compounds.

The present invention also provides a pharmaceutical composition when used for enteral
administration comprising one or more biologically active compounds and a carrier
comprising an effective amount of one or more phosphate derivatives of one or more electron

transfer agents, such as phosphate derivative of tocopherol or tocotrienol.

According to a second aspect of the invention, there is provided a method for improving the
efficacy and transport of enterally administered biologically active compounds, said method

comprising the step of combining the biologically active compounds with a carrier



5 comprising an effective amount of one or more phosphate derivatives of

one or more electron transfer agents. Preferably, the phosphate

derivative of an electron transfer agent is selected from the group

consisting of phosphate derivatives of tocopherol, phosphate derivatives

of tocotrienol, and mixtures thereof. Acaording to a third aspect of the

invention, there is provided a method for improving the efficacy and

temsny eherfitectlly anonintistenedobinlwg ipbdisp bati\de eaatipesuvfasiesaichore electron
method comprising the step of combining the biologically active

wamafsoaaentsith a carrier comprising an effective amount of one or more
complexes of phosphate derivatives of an electron transfer agent.
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when used in eneteral administration of biologically active compounds,
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phosphate derivatives of an electron transfer agent. In one preferred form

oiithedntrendafn, the carrier and biologically active compound are in a
form which is protected by an enteric coating. The enteric coating must be
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cellulose ether, polyvinylpyrrolidone or polyethylené glycol. T
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carrier and the biologically active compound will be in proximity to each
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upon the efficacy and transport of the biologically active compound. For
excafepkyeattablet or capsule may have an enteric coating or a functional
food may contain microencapsulated particles which have an enteric

ﬁgé‘éﬁ%g to a fourth aspect of the invention, there is provided a carrier when used in
eneteral administration of biologically active compounds, said carrier comprising an effective

amount of one or more complexes of phosphate derivatives of an electron transfer agent.

In one preferred form of the invention, the carrier and biologically active compound are in a
form which is protected by an enteric coating. The enteric coating must be insoluble in the
stomach (low pH) and survive the enzymes in the saliva, but degrade in the absorption site
which is just after the stomach at a pH greater than 6. Typically, the coating is a water
soluble polymer such as cellulose ether, polyvinylpyrrolidone or polyethylene glycol. The
advantage of the enteric coating is that it increases the likelihood that the carrier and the
biologically active compound will be in proximity to each other at the absorption site and
thus maximises the effects of the carrier upon the efficacy and transport of the biologically
active compound. For example, a tablet or capsule may have an enteric coating or a

functional food may contain microencapsulated particles which have an enteric coating.



6 The term "carrier" is used in this specification to include all forms of

enteral administration. It includes but is not limited to pills, tablets,

capsules, liquid formulations, functional foods, dietary supplements,

lozenges, suppositories. The term "effective amount” is used herein to

refer to an amount of the one or more phosphate derivatives of an

electron transfer agent that assists the biologically active compound to be

abes tioe Heanréan amasead tinhatsispedBcatiabty eitectevalifothms of doctidredhorigration.
or more symptoms presented by a patient. The effective amount may
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in the art will understand that the actual amount will vary depending upon
dirtanyoiBRptemoNs oz barhRYOReRItPHESe ffective amount will be sufficient

to deliver an amount of biologically active compound within the therapeutic
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also depend on whether the phosphate derivative of an electron transfer
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solubilisation or surface activity. Where the phosphate derivative of an
edeytooncitamsfebsagmatiis anctinguasthas o il lisen bilye Bt e mauciah of one or
depend on the concentration of the drug in the formulation and may range
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60% w/w. Where the phosphate derivative of an electron transfer agent is
plonedgiakae it sbhBifAIEN DRSSEaTEki|igfindfie athi B visleritand jhakihe actual
the range of 0.01 to 20% w/w, preferably 1 to 15% w/w, and more
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whether the phosphate derivative of an electron transfer agent is being used to assist with
formulation properties, for example, solubilisation or surface activity. Where the phosphate
derivative of an electron transfer agent is acting as a solubiliser, the effective amount will
depend on the concentration of the drug in the formulation and may range from 40 to 90%
wi/w, preferably 45 to 75% w/w, more preferably 50 to 60% w/w. Where the phosphate
derivative of an electron transfer agent is not required for solubilisation properties, the

effective amount may bein the range of 0.01 to 20% wi/w, preferably 1 to 15% w/w, and more

preferably 5 to 10% wi/w.

Preferably (when solubilisation properties are not required), the effective amount of the one
or more phosphate derivatives of an electron transfer agent is in the range of from 0.1 to 10%
w/w of the total weight of the carrier. More preferably, in the range of 5 to 10% w/w and

most preferably 7.5% wi/w.

The term “electron transfer agent” is used herein to refer to the class of chemicals which may

be phosphorylated and which (in the non-phosphorylated form) can accept an electron



The term "electron transfer agent" is used herein to refer to the class of
chemicals which may be phosphorylated and which (in the

non-phosphorylated form) can accept an electron 7 to generate a

relatively stable molecular radical or accept two electrons to allow the
compound to participate in a reversible redox system. Examples of

classes of electron transfer agent compounds that may be
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and delta tocols in enantiomeric and raecemic forms; quinols being the
cedhpoeadftarpastisinatannia kvemiblasigamsysterny Exaxybleaadtelassiersof electron
including retinol; califerol; and ascorbic acid. Preferably, the electron

tranebee AGRTE APRPSHNSSEATFOM PRORATUIN 8RS stHgdsMistaxHereiogras including
other tocols, retinol, vitamin K1, and mixtures thereof. More preferably, the
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and mijxtures thereof. The tocols include all isomers of derivatives of .
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may be hydrogen.or methyl .groups, that is, the a-5:7:8 tri-methyl: (3-5:8
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the tocotrienols, R4 is substituted by 4:8:12 tri-methyl trideca-3:7:11
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racemic. Maost preferably, the electron transfer agent is a-tocopheral or
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2:methyl chroman (see structure below) where Ry, R, and R3 may be hydrogen or methyl
groups, that is, the a-5:7:8 tri-methyl; $-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 tridecane and the 2, 4,
and 8 positions (see *) may be sterioisomers with R or S activity or racemic. In the
tocotrienols, Ry is substituted by 4:8:12 tri-methyl trideca-3:7:11 triene and the 2 position
may be sterioactive as R or S sterioisomers or racemic. Most preferably, the electron transfer

agent is a.-tocopherol or tocotrienol.

R1
HO.
*
R2 o R4
Rs CH3
CHs; CHs; CHs3 CH3 CH3 CHs3

The term “phosphate derivatives” is used herein to refer to the acid forms of phosphorylated

electron transfer agents, salts of the phosphates including metal salts such as sodium,



R4 = CH3' CH3 The term "phosphate derivatives" is used herein to refer

to the acid forms of phosphorylated electron transfer agents, salts of the
phosphates including metal salts such as sodium, 8 magnesium,

potassium and calcium and any other derivative where the phosphate

proton is replaced by other substituentsgsuch as ethyl or methyl groups or
phosphatidyl groups. The term includes mixtures of phosphate
chagvesiives petspa ol diiasswviaot ey ohiotaripdtosphibeyddbio phespotiesoton is
as well as each of the phosphate derivatives alone. For example, the
teplechaohydiken sufistitvents sweines-ebleyghenetph gspinster (ITRyRhatdyl groups. The
di-tocopheryl phosphate (T2P) as well as each of TP and T2P alone.
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WO 02/40033. Preferably, the one or more phosphate derivatives of one
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mono-tQcopheryl phosphate, di-tocopheryl phosphate, monog-tocotrienyl
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BQQEPIR Fic 'rgﬂ(f@(pf\lﬁ[y %%@Qgte, mono- tocotrienyl phosphate and

di-tocotrienyl phosphate. In some situations, it may be necessary to use a
hosphate derivative such as a phosphatide where additional properties _
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are amino alkyl derivatives of organic phosphates. These derivatives may
trleghrd Srandh G umtRsto AR pige iR Rebr! RAGPIGE I bieceRpery! phosphate,
wherein n is an integer befween 1 and 6 aﬂd RlH%nd. R2 m e either H

b
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R T T
rtﬁigl]@r@ G%HEeéjr more of mono-tocopheryl phosphate, di-tocopheryl phosphate, mono-

tocotrienyl phosphate and di-tocotrienyl 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 between
1 and 6 and R; and R, may be either H or short alkyl chains with 3 or less carbons. R; and
R, may be the same or different. The phosphatidyl derivatives are prepared by 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, to generate the
phosphatidy| derivative of the electron transfer agent. One method of preparation of the
phosphatidyl derivatives uses a basic solvent such as pyridine or triethylamine with

phosphorous oxychloride to prepare the intermediate which is then reacted with the hydroxy



with an amine, such as ethanolamine or N,N' dimethylethanolamine, to
generate the phosphatidyl derivative of the electron transfer agent. One
method of preparation of the phosphatidyl derivatives uses a basic

solvent such as pyridine or triethylamine with phosphorous oxychloride to
prepare the intermediate which is then r@acted with the hydroxy 9 group

of the amine to produce the corresponding phosphatidyl derivative, such

gl off iyl dfhi bedo pineaybdithedragesp piuosp plaepHatisghue reraiaeosissh as P cholyl P
complexes of phosphate derivatives of the electron transfer agents may
talepheyyltilibpdroger hegitiatonal properties such as improved stability or
deliverability may be useful. The term "complexes of phosphate
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derivatives of electron transfer agents with one or more complexing
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cationic surfactants, amino acids having nitrogen functional groups and

beokeifos. ritie ierthe'senpiores atisogshatistinsatlss’imtésratbahalgatmt product of
application no PCT/AU01/01476, incorporated herein by reference. The

pne f@rnectcpmpdbaia gaiyehvs ot eettrotetiafrsfion dgenty vath coasistiageabmplexing
arginine, lysine and tertiary substituted amines, such as those according
taetie FeJRetRenigorD heIBE0 UR RORSIFIB AV cre i pbar i stastan e ot enéc grotagtants,
comprising straight or branched chain mixed alkyl radicals from C6 to
@2‘2Oa?fiiﬂdéiﬁydiﬂﬂ/ﬂﬂ@g\?ﬁtf%g'EPi@t'éHP,URGZaﬁP\@rR@'B?é'@h6‘5@\359 amino acids as
independently from the group comprising H, CH2COOX, )
GHBEHOHEFR9! P SR PO YBER(S dpseyrorated herein by
CH2COOX, CH2CH2CHOHCH2S03X or CH2CH2CHOHCH20PO3X
EHdRYE H, Na, K or alkanolamine provided R2 and R3 are not both H;

and

The preferred complexing agents are selected from the group consisting of arginine, lysine

and tertiary substituted amines, such as those according to the following formula:
NR'R’R®

wherein R is chosen from the group comprising straight or branched chain mixed alkyl

radicals from C6 to C22 and carbonyl derivatives thereof;

R? and R are chosen independently from the group comprising H, CH,COOX,
CH,CHOHCH,SO3X, CH,CHOHCH,0PO3;X, CH,CH,COOX, CH,COOX,
CH,CH,CHOHCH,SO3X or CH,CH,CHOHCH,0OPO;X and X is H, Na, K or alkanolamine

provided R? and R® are not both H; and

wherein when R! is RCO then R? may be CH; and R® may be (CH,CH;)N(C,H4OH)-

H,CHOPO; or R? and R® together may be N(CH,),;N(C,H4OH)CH,COO-.

Preferred complexing agents include arginine, lysine or lauryliminodipropionic acid where
complexation occurs between the alkaline nitrogen centre and the phosphoric acid ester to

form a stable complex.



wherein when R1 is RCO then R2 may be CH3 and R3 may be
(CH2CH2)N(C2H40H)- H2CHOPOS3 or R2 and R3 together may be
N(CH2)2N(C2H40H)CH2COO-. Preferred complexing agents include
arginine, lysine or lauryliminodipropionic acid where complexation occurs
between the alkaline nitrogen centre andgthe phosphoric acid ester to

form a stable complex. 10 The term "biologically active compound" is
Tketbmertiolwicity sotoernpopodshisvineddebioldgicdit etffecnpdundsdrasiog a
animals for medical or veterinary application. Biologically active
eiohpisaheféeridublemshanhawaaicfls medictionalesepplonapplisatipagSiologically
vitamins, phytochemicals, cosmeceuticals, nutraceuticals, nutrients and
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beings or other animals for prophylaxis or therapy. Examples of

PISEeANG A e RRns Al aBU RIS HCRISt I RIEE ARtlRiGabhsaltEstiplements that
analgesjcs such as morphine and |levorphanol, non narcotic analgesics

S0 B AP SR EHTRBBFEHS EoARTABIOTS et A BHRarEereny.
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yroid hormones a yroid drugs including thyroxine,
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irdoid gylcosides including aucubin and catalpol, sesquiterpene lactones
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rosmarinic acid and rosmanol, phenolic glycosides including the

saligyadpsRiipibrsedipe ain - iAndnsabeysigragidubntes pauprsréaxastenial firmones

a-lactucerol, and isolactucerol, p- hydroxyphenylacetic acid derivative
sateararopioid, divgsonlRpmet o atéy eRyitehiingil amdltiting o-bisabolol, eugenol,

phenylalkanones including gingerols and shagaols, hypercin, statins, and
S lsu Hoftigesak) ¢iddingy ot unchlding aleobintumh caeneoresquiterpene

2-methylbut-3-en-2-ol.

lactones including pseudoguaianolide from Arnica chamissonis, terpenes including
rosmarinic acid and rosmanol, phenolic glycosides including the salicylates salicin, saligenin
and salicyclic acid, triterpenes taxasterol or a-lactucerol, and isolactucerol, p-
hydroxyphenylacetic acid derivative taraxacoside, hydroguinone derivatives including
arbutin, phenylalkanones including gingerols and shagaols, hypercin, statins, and
acylphloroglucides including xanthohumol, lupulone, humulone and 2-methylbut-3-en-2-ol.
Examples of nutrients and nutraceuticals include vitamins, important precursor molecules for
generation of hormones, minerals, proteins, minerals, amino acids, plant extracts such as
grape seed extract, ephedrine, DHEA, isoflavones, phytosterols and similar bioagents. The

biologically active compound may also be a peptide, polypeptide or protein. The

biologically active compound can be in any suitable form including phosphate derivatives.

A person skilled in the art would know which other excipients could be included in the

carrier. The choice of other excipients would depend on the characteristics of the



Examples of nutrients and nutraceuticals include vitamins, important
precursor molecules for generation of hormones, minerals, proteins,
minerals, amino acids, plant extracts such as grape seed extract,

ephedrine, DHEA, isoflavones, phytosterols and similar bioagents. The
biologically active compound may also he a peptide, polypeptide or

protein. The biologically active compound can be in any suitable form
inclogirad) yphaspaephendatiresep ef stime s kXt entshechrdesolilenks) swr factants,
which other excipients could be included in the carrier. The choice of
emudlientsiprests/ aivatchae gerliken the cieisaofariseios<oibibeislwil bidso gierang on the
active compound. Examples of other excipients include solvents,

i adminigrbnenied preservatives and the like. The choice of other
excipients will also depend on the form of administration used. Brief

BasEDRtidbihefBiawminggfggure 1: Effect of morphine sulphate 5
mg/kg, morphine with tocopheryl phosphate carrier according to the

FiyentinEfecgdfgranshterinipyhate pangikghacprahdatdthay coptas| iesigthate carrier
over 3 hours (pooled data). Figure 2: CoQlo and CoQ9 standard curves
&xartple o Theiinveehtind isdikghed explaihet mnowilisnearetldgnityein rats, tested over
following non-limiting examples. Example 1 In this experiment, the
s yropkedisiphine composition according to the invention was
compared with the efficacy of morphine sulphate, the currently used
Elgterad fdrRfaditth QA RAPIAFECUNMES effect was measured by comparison
of times taken for a rat to withdraw its paw in response to heat when

iPated and unmedicated with morphine. Materials

The invention is further explained and illustrated by the following non-limiting examples.
Example 1
In this experiment, the efficacy of a morphine composition according to the invention was
compared with the efficacy of morphine sulphate, the currently used enteral formulation of
morphine. The effect was measured by comparison of times taken for a rat to withdraw its
paw in response to heat when medicated and unmedicated with morphine.
Materials
Animals: Nine conscious Sprague-Dawley rats .weighing between 350-450 grams each
Treatment groups:
1. Control: water,
2. morphine sulphate,
3. Morphine with TPm: morphine HCI (14%) in a carrier containing water (59%) and
a tocopheryl phosphate mixture (27%) (TPm). The TPm contained mono-
tocopheryl phosphate and di-tocopheryl phosphate.
Formulations 2 and 3 were diluted with water and the final morphine concentration was

made up to 5 mg/ml. For example, 0.357 grams of formulation 3 was mixed with 0.643



Animals: Nine conscious Sprague-Dawley rats weighing between 350-450
grams each Treatment groups: 1. Control: water, 2. morphine sulphate, 3.
Morphine with TPm: morphine HCI (14%) in a carrier containing water
(59%) and a tocopheryl phosphate mixture (27%) (TPm). The TPm
contained mono- tocopheryl phosphate snd di-tocopheryl phosphate.
Formulations 2 and 3 were diluted with water and the final morphine
gencesftredientovetstaimadmal priarh mg torcéraragramipdés. 01365 | grad®whulation was
formulation 3 was mixed with 0.643 12 grams of water to obtain a final
iy ghlivered e deteniionl ©b B osa Malglg (idbfointustaioaclas then delivered
to the animals by oral gavage (tube into stomach). Method The

ent used nine rats that were divided into three groups. After the
first treatment, the rats were rested and each &@UD was given a different

TRBREAME ARG BRS Fiidatdpssa i ¢t Bree sTaLBa cATEE Radimb ggatment,
ven each of th reatments. \Water, hlne suI hat and
i swmtq%rw{ﬁafe G b A et P BFogtes s

5m /k of bod we| na e testl wasrpe{f% tl 2 AkandG
ﬁag ce.mare un eac cF }%n eac t ree reatgu%
urs an at each time pom WI fa tency Was measure ree

times on each rat (with at least five minutes rest if using the same paw). A
Paketamareiigesiokpreatierage signeit il I Bnaessfitient Bycoed tipges at a
analgesia levels in small laboratory animals was used. The device
eqssReHakioneak Harke Aty e hin ARNEPeS IRHDONYARBeAIIFRRAsAt 1, 2, 4 and 6

hindpaw and the time taken to withdraw the paw from the heat source

AL HRSPRIRRMHEREEAMALAED Ty 1S Meaz et FRE] SR Predradat (with
f?t feoagts %ﬁ/@tminutes rest if using the same paw).
A plantar analgesiometer designed for rapid and efficient screening of analgesia levels in
small laboratory animals was used. The device applied a heat source (~45°C from an
infrared light) to the animal's hindpaw and the time taken to withdraw the paw from the heat
source was measured (paw withdrawal latency). The heat source (plate) provided a constant
surface temperature. It had a built-in digital thermometer with an accuracy of 0.1°C and a
timer with an accuracy of 0.1 second. The animal was placed on a hot plate, confined by a
clear acrylic cage which surrounds the plate and paw withdrawal response was monitored.
An increased time period before paw withdrawal response indicating analgesia. Each animal
was tested 3 times at each time point. (ie a single rat had the heat applied to its back foot

three times at each time point).

The results are illustrated in Figure 1. Both the morphine sulphate and morphine in the
tocopheryl phosphate carrier caused an increase in latency indicating analgesia. The
morphine in the tocopheryl phosphate carrier caused a greater latency which was maintained
for a longer period of time than the morphine sulphate. That is, the morphine formulated in a

carrier according to the invention provided a sustained analgesic effect for up to 2 hours



surface temperature. It had a built-in digital thermometer with an accuracy

of 0.1C and a timer with an accuracy of 0.1 second. The animal was

placed on a hot plate, confined by a clear acrylic cage which surrounds

the plate and paw withdrawal response was monitored. An increased time
period before paw withdrawal responseigdicating analgesia. Each animal
was tested 3 times at each time point. (ie a single rat had the heat applied
tol itsvivayctr &b ed nthnetatiiore w/lzdr esschdimme pyonet3u lPhete @siyt sraveddtlistraeldesic
in Figure 1. Both the morphine sulphate and morphine in the tocopheryl
eifests brttee diptibewalibe dtantland rsedans| atethe iaphicaing emanevrilapisxcept at
morphine in the tocopheryl phosphate carrier caused a greater latency

he R Waly HasRainedhest BeRayepyseRIane arfirtmaisetia srpHikiae TPm

sulphate. That is, the morphine formulated in a carrier according to the )
THUBH'@BH%‘P@%%@%@@M M2 NG 4Ry BmMERIBI S FoMORARE 1B formulation

following oral ad inistration whereas the morphine sulphate only provided
%W%ﬁ‘éﬁé&%@ 4B#AEL'for the first hour The standard error bars on the graph
points do not overlap except at the one hour time point where the
hqueoatmbigahiAvatydish & engpedithe eovednimeoime foiphatatod Merghine TPm
similarly active. For the later time points, the morphine TPm formulation

gave siRmalfeidoapalgesia. 1 Statistical Analysis: Comparison between
morphine sulphate and Morphine TPm formulations. at 60mins t=2.598
(p<0.02) at 120mins t=4.815 (p<0.0005) at 240mins t=4.351 (p<0.001)

%t 360 AhARTES 58AY5LPBEB) Conclusion

o at 120mins t=4.815 (p<0.0005)
o at 240mins t=4.351 (p<0.001)
o at 360 mins t=3.094 (p=0.005)
Conclusion
The use of the TPm carrier provided a sustained analgesia over a longer period of time using
the same amount of morphine as the morphine sulphate formulation. Whilst the results were
not significant at the one hour time point, the TPm formulation was statistically significant at
all later time points.
Example 2
This example investigates the bioavailability in guinea pigs of CoQ10 administered in the
following formulations:

A. CoQsol

B. CoQsol plus TPM in MCT

C. MCT oil (control)



The use of the TPm carrier provided a sustained analgesia over a longer
period of time using the same amount of morphine as the morphine
sulphate formulation. Whilst the results were not significant at the one
hour time point, the TPm formulation was statistically significant at all
later time points. Example 2 This example investigates the bioavailability
in guinea pigs of CoQ10 administered in the following formulations: A.
Me@sak BoCeesotiplus TPM in MCT C. MCT oll (control) 14 Materials
and Methods Formulations Tocopheryl phosphate mixture (TPM)
Eormaiaiii@nsnonotocopheryl phosphate (TP) and ditocopheryl phosphate
(T2P) in a ratio of 2:1 w/w was prepared by Phosphagenics Ltd. CoQsol
Wé&@lﬁlﬁfa’hB@@w*ﬁﬁﬁ?ﬂ@@%@W%@Wﬁ%&&%@@@ﬁ%@dﬁlﬁﬁ%ﬁbﬁ? (TP) and
triglyceride (MCT) was manufactured by Abitec Corp, U.S.A. The )
forRRatihehesAENedd SIS TAV Y e3s BreRAeR RbRERIRbapeTIRS Ltd
contains 60 mg of CoQ, with the oily contents of the pills measuring 0.44
Cuotatasrirdietdffoe DewonchnkeNnmahs oEia 60 mg/0.44 ml = 136
mg CoQ/ml of capsule contents. Each millilitre of the CoQsol formulation

' -2 r itami ipients
gr%&rﬁ%@a”ﬁé@%%ﬂ% ﬂgﬁ%ﬁﬂ%@ @%ﬁ:@ﬁ%@gg&g% Haﬁr;gg gg%’%gé%land
titanium dioxide. B. CoQsol+TPM: the formulation was prepared with the

£bp iRk DE SRS IR AR Hayving:

A. CoQsol: Each softgel capsule contains 60 mg of CoQ, with the oily contents of the pills

measuring 0.44 ml in volume. Therefore, the concentration of CoQ is 60 mg/0.44 ml = 136
mg CoQ/ml of capsule contents. Each millilitre of the CoQsol formulation also contains 136
IU d-a-tocopherol and 3705 IU vitamin A. Excipients are rice bran oil, gelatin, glycerin,

water, beeswax, annato extract and titanium dioxide.

B. CoQsol+TPM: the formulation was prepared with the concentration of CoQ such that 30

mg/kg was administered in the same volume relative to body weight of the treatment group;
i.e., in volumes of approximately 0.21 ml per kg b.wt. Each ml of formulation contained

CoQ and TPM, each at 140 mg/ml, with MCT as the diluent.
C. MCT: (vehicle): the control group received MCT at 0.21 ml/kg b.wt.
Animals

Adult female guinea pigs were purchased from Animal Services, Monash University and
acclimatised to the Departmental Animal House for a minimum of 5 days before the
treatments commenced. Animals were randomly assigned to treatment groups (n=10),
tagged with unique identifying marks on their backs (clipped hair and colour codes), and
housed as a group in an environmentally-enriched pen of approximately 1 x 4 m in size. The

average body weight of the CoQsol-treated group was 0.795 kg at day 0. The average body



mg/kg was administered in the same volume relative to body weight of the
treatment group; i.e., in volumes of approximately 0.21 ml per kg b.wt.

Each ml of formulation contained CoQ and TPM, each at 140 mg/ml, with
MCT as the diluent. C. MCT: (vehicle): the control group received MCT at
0.21 ml/kg b.wt. Animals Adult female gginea pigs were purchased from
Animal Services, Monash University and acclimatised to the
DapharvhérteoAsatrdifNbgsefora hilditrkgnataly daysdafengtody weight of the
treatments commenced. Animals were randomly assigned to treatment
epoiiplsg(at Bps tadffkd witlyBique identifying marks on their backs

(clipped hair and colour codes), and housed as a group in an

EAYArRMARER 8P Ehed RRE 9l @ BRAAXHNRIRAb X Adlleld @2tastdieAustralia).
average body weight of the CoQsol-treated group was 0.795 kg at day O.

Wag:Akasagevinrdyralyweight of the CoQsol+TPM group was 0.746 kg at
day 0. The average body weight of the control group was 0.796kg at day

- Foad and water: Rabbit and guinea pig standard labaratory pellets
B B R R B A ot

RS e A

body weight. Methods Dose of CoQsol: 30 mg / kg body weight / day
Meikedst TPMm: 30 mg / kg body weight / day Dosing regimen: once daily

Dosing period: 26 days Body wejght was measured weekly.
Dose o? 80Qso|: 30 mg yﬁg boab{/ weight / day y

Dose of TPM: 30 mg / kg body weight / day

Dosing regimen: once daily

Dosing period: 26 days

Body weight was measured weekly.

At the completion of the treatment period, the guinea pigs were killed by asphyxiation using
CO; gas. The blood was removed by heart puncture into heparinised collection tubes, and

centrifuged for separation of plasma and stored at -80°C until extraction of CoQ.

Extractions of CoQ and analyses 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: 230-34.

Increased levels of CoQ10 and CoQ?9 are indicative of increased bioavailability and uptake.
Both CoQ9 and CoQ10 were measured because guinea pigs can synthesize both forms of
CoQ (9 and 10). It is therefore important to assess the levels of both forms following

administration since administration of CoQ10 can increase both levels in vivo.



At the completion of the treatment period, the guinea pigs were killed by
asphyxiation using CO2 gas. The blood was removed by heart puncture
into heparinised collection tubes, and centrifuged for separation of
plasma and stored at -80C until extraction of CoQ. Extractions of CoQ
and analyses by HPLC were performedigssentially according to the
method of Aberg et al., (1992) "Distribution and redox state of ubiquinones
Resattand human tissues" Arch. Biochem. Biophys. 295: 230-34.
Increased levels of CoQ10 and CoQ9 are indicative of increased
SRt et agptegtion BaDBQ9 and CoQ10 were measured
because guinea pigs can synthesize both forms of CoQ (9 and 10). It is
therefore import&&to assess the levels of both f&®s following CoQuo
administration seae admiteSationcoREURA0 cafamcreasedttoievels iBonc
pivesiR Resultgr&z0QIpardcpQ9 grpsgntratigiiniplasmadal® CoRdaar
g‘% 810 Peak CoQ1lo CoQ9Cone Cone CoQ9Cone Cone PLASMA area
eak area (ng/ml) (ng/ml) (ng/vial) (ng/vial) Control PlasmaCi 0.191146
BBV 22 292310846 PhasswaC?2 1.26553 2.6229%7 176 197188 98 146
PlasmaC3 0.69327 1.15616 94 87 47 43 PlasmaC4 0.874554 2.29567
Hloona@2 60 86l PlaBmaCkher468185 2785003 74 84 37 92 PlasmaCe 98

Igl)%géggg 5.16449,123 383 62,194 PIagpaC? 1.0644 3.3475 147 251 74,

PlasmaC4 0.874554 2.29567 120 172 60 86

PlasmaC5 0.558185 2.45003 74 184 37 92

PlasmaC6é 0.90064 5.16449 123 388 62 194
PlasmaC7 1.0674 3.34757 147 251 74 126
PlasmaC8 0.190272  3.20794 22 241 11 120
PlasmaC9 3.18797 239 120
PlasmaC10 1.14622 86 43

Mean 49 107
CoQSol

PlasmaS1 0.902389  5.18353 124 389 62 195
PlasmaS2 0.19846 2.45755 23 184 12 92

PlasmaS3 0.32906 2.60398 42 195 21 98

PlasmaS4 0.45307 3.0014 59 225 30 113
PlasmaS5 0.53315 2.3862 71 179 35 90

PlasmaS6 0.93297 2.04795 128 154 64 77

PlasmaS7 0.54571 2.1518 73 161 36 81

PlasmaS8 1.41097 2.16559 196 162 98 81

PlasmaS9 0.690034 6.3554 93 477 47 239
PlasmaS10 0.28032 3.61253 35 271 17 136

Mean 42 120



PlasmaC8 0.190272 3.20794 22 241 11 120 PlasmaC9 3.18797 239 120
PlasmaClO 1.14622 86 43 Mean 49 107 CoQSol PlasmaS1 0.902389
5.18353 124 389 62 195 PlasmaS2 0.19846 2.45755 23 184 12 92
PlasmaS3 0.32906 2.60398 42 195 21 98 PlasmaS4 0.45307 3.0014 59
225 30 113 PlasmaSS 0.53315 2.3862171 179 35 90 PlasmaS6 0.93297
2.04795 128 154 64 77 PlasmaS7 0.54571 2.1518 73 161 36 81
PlasmaS8 1.41080:2.16559 196 162 98 81 Plasnfas9 0.690034 6.35320Qq0

93 477 47 239 RlasmaSIey,2803203,63:253 35k 17 1860Mean 42 HAc
9 CoQ oQ Co 0Q9 one one

%L&%\?&ASMA]%?%% Pég aglgel%allé (ng/%]???ﬁg/ml)cﬁ v".%n (ng%\giﬁﬁ? (ng/vial)

ERRETFMM PlasmaTi 0.84019 2.75545 115 207 57 103 PlasmaT2

A8 336 168 dréasmatst iy 17022453493 19 37 10 163 57 103
PlasmaT2 4.47825 336 168
PlasmaT3 017022 43493 19 327 10 163
PlasmaT4 0503006  4.92475 67 370 33 185
PlasmaTs 0372346  3.01239 48 226 24 113
PlasmaT6 0.267389  6.29373 33 473 16 236
PlasmaT? 5.53598 416 208
PlasmaT8 026282 551973 32 415 16 207
PlasmaT9 0336923  4.1363 43 311 21 155
PlasmaT10 0105107  3.49962 10 263 5 131
Mean 23 167

The above results do not include any statistical information because as is known in the area
of micronutrient studies, there is always a significant inter-animal variation due to the fact
that each animal has different needs for CoQ10 and it will only be absorbed when needed.
The large inter-animal variation leads to large standard deviation figures, which do not
accurately reflect the significance of the results.

Figure 2 shows the standard curves obtained in the analysis of CoQ10 and CoQ9 in the
plasma before running the samples on the HPLC (the closer r?is to 1 the more accurate the
results).

Discussion

The results in Figure 2 and the above tables show that the CoQ levels in plasma are higher in
CoQsol+TPM treated animals than in the animals treated with CoQsol alone or the control.

This illustrates that the tocopheryl phosphate mixture increases the bioavailability of CoQ10.



PlasmaT4 0.503096 4.92475 67 370 33 185 PlasmaTS 0.372346

3.01239 48 226 24 113 PlasmaT6 0.267389 6.29373 33 473 16 236

PlasmaT7 5.53598 416 208 PlasmaT8 0.26282 5.51973 32 415 16 207
PlasmaT9 0.336923 4.1363 43 311 21 155 PlasmaTIO 0.105107 3.49962

10 263 5131 Mean 23 167 The abovelgsults do not include any

statistical information because as is known in the area of micronutrient

FShediesd threnepissalyays fosignificbantviorts fcampnaing réiaticeddoehie dbgeifigation and in
that each animal has different needs for CoQ10 and it will only be
theshrlresida¢serohbaiidbe iNvantioryeldimed tmixcllge piaitivar kel rtadkditpss.
standard deviation figures, which do not accurately reflect the significance
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of CoQ10 and CoQ?9 in the plasma before running the samples on the
HEPLE $id slosHTcaioIS Ehd proverteAcCUHEaReHtR IRt tR) tHMIBUSER of this
The results in Figure 2 and the above tables show that the CoQ levels in
phastienare higher in CoQsol+TPM treated animals than in the animals
treated with CoQsol alone or the control. This illustrates that the

tocopheryl phosphate mixture increases the bioavailability of CoQ10. 18

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. 19 THE CLAIMS DEFINING THE
INVENTION ARE AS FOLLOWS: 1. A method for improving the efficacy
and transport of enterally administered biologically active compounds,
said method comprising the step of comi®@ning the biologically active
compound with a carrier comprising an effective amount of one or more
PHESphaiMIDZEIMNES G Toite | BMEDITE @ AR AARSTEL BY€Btis. 2. The
method according to claim 1 wherein the electron transfer agent is
selectémeshodtfer growqyiegribiseiitgasyapdrssgspbiicrhanisralbivdmipistpied,
beta, gamma and delta tocols in enantiomeric and raecemic forms;
quinol9iBEaate AeHEMRIRESosald BRI KK FRIRRN S i51g A GFRe; I waraRiping the
carotenoids including retinol; calciferol; and ascorbic acid. 3. The method

accordifj oY QRYHAH VGt REPBRY YRS WIHLEEH TRAGSRBPTATRM A CEE R AMRYAH Of one or

the group consisting of tocopherol and other tocols, retinol, vitamin KI, and
ixturOTERIRRHI TR BT e B AL G TS0 S 29 e electron

transfer agent is selected from the group consisting of tocols, and

?ixtur%ﬁél}%ﬁ% ?w!i%?ﬁ?&'&%ﬁ&%ﬁ@ﬂ&% m&&%&&wﬁ&&%&ma %Iected from

phosphate derivative electron transfer agent is selecte

group %WB‘QO%i%%@@rgﬂiyﬁ%ﬁ%&ﬂﬁﬁ%ﬂ&{a,%@'éﬁ%a and delta

derivatives of tocotrienol, and mixtures thereof. 6. The method according
to claipé i iiespintbmanosrhaie deidvative; aliadIsieaHe heransial IR

is selected from the group consisting of mono-tocopheryl phosphate,
di-tocophefid rhesiahaigumenrotigaekietyrbrinorBAtRdINGoenbdeylciferol; and

phosphate, and
ascorbic acid.

3. The method according to claim 2 wherein the electron transfer agent is selected from
the group consisting of tocopherol and other tocols, retinol, vitamin K1, and mixtures
thereof.

4, The method according to claim 3 wherein the electron transfer agent is selected from
the group consisting of tocols, and mixtures thereof.

5. The method according to claim 4 wherein the phosphate derivative of an electron
transfer agent is selected from the group consisting of phosphate derivatives of
tocopherol, phosphate derivatives of tocotrienol, and mixtures thereof.

6. The method according to claim 5 wherein the phosphate derivative of an electron
transfer agent is selected from the group consisting of mono-tocopheryl phosphate,
di-tocopheryl phosphate, mono-tocotrienyl phosphate, di-tocotrienyl phosphate, and
mixtures thereof.

7. The method according to claim 6 wherein the mixture of phosphate derivatives of

electron transfer agents is a mixture of mono-tocopheryl phosphate and di-tocopheryl

phosphate.



mixtures thereof. 7. The method according to claim 6 wherein the mixture

of phosphate derivatives of electron transfer agents is a mixture of
mono-tocopheryl phosphate and di-tocopheryl phosphate. 20 8. The

method according to claim 7 wherein the mixture of mono-tocopheryl

phosphate and di-tocopheryl phosphate2 in a ratio of 2:1 w/w. 9. The

method according to claim 1 wherein the phosphate derivative is selected

&om thbegretipdacsisiing of giiosp mdtes| rpthe spixatid @ noaropterpBeof! phosphate
phosphates and mixtures thereof. 10. The method according to claim 1
furtheraodigioshnand gheppbitprstectiregiornd 2cbmibined carrier and

biologically active compound with an enteric coating. 11. The method

@ccordIfg Retashaccaitisedmaiaincbimbirria bamhasaifresion@ioes staried from
compound is in the form of a pill, tablet, capsule, liquid formulation,

functio8Io TR CUIEIBHRR Qlphrskhatis I BYRsatisie s oGRS Of phoppRates and
method accord'ng to claim 1 wherein the biologically active compound is
selecté'&”%rﬁfﬁhg 8¥bup consisting of a pharmaceutical, nutritional

P e R A FIcR SoRmace el Wae e

nutrient, suppiement. e met cor t alm

Wherei&bﬁﬁ\ﬁ#%i&’l%ﬂ&?'% I}SFBfS%?é’JSﬁhVC%&ﬂ% orf é%ﬁhe\%iihoﬁﬂ éﬁ%r%%ﬁr

. Ing.
consisting of narcotic analges as morphine and evorphano , NON

PRrcotifANAGRRICE I FH SRR ISARR AGREADINAREE Bar G HRPBIEIY RSy

such as cortisone, anaesthetics such as propofol, antiemetics such as
SCOPOlaANRGRYBREHO TRHMEHS HISIAS st H CRIAS: 24R0R)ITR AR fAARRRYRSUNctional

antiepileptic
food, dietary supplement, lozenge or suppository.

12.  The method according to claim 1 wherein the biologically active compound is
selected from the group consisting of a pharmaceutical, nutritional supplement, drug,
vitamin, phytochemical, cosmeceutical, nutraceutical, nutrient, and health
supplement.

13.  The method according to claim 12 wherein the biologically active compound is
selected from the group consisting of narcotic analgesics such as morphine and
levorphanol, non narcotic analgesics such as codeine and acetaminophen,
corticosteroids such as cortisone, anaesthetics such as propofol, antiemetics such as
scopolamine, sympathomimetic drugs such as adrenaline and dopamine, antiepileptic
drugs such as fosphenytoin, anti-inflammatory drugs such as ibuprofen, thyroid
hormones and antithyroid drugs including thyroxine, phytochemicals including .-
bisabolol, eugenol, silybin, soy isoflavones, iridoid gylcosides including aucubin and
catalpol, sesquiterpene lactones including pseudoguaianolide from Arnica

chamissonis, terpenes including rosmarinic acid and rosmanol, phenolic glycosides

including the salicylates salicin, saligenin and salicyclic acid, triterpenes taxasterol or



drugs such as fosphenytoin, anti-inflammatory drugs such as ibuprofen,

thyroid hormones and antithyroid drugs including thyroxine,

phytochemicals including a- bisabolol, eugenol, silybin, soy isoflavones,

iridoid gylcosides including aucubin and catalpol, sesquiterpene lactones
including pseudoguaianolide from Arnical chamissonis, terpenes including
rosmarinic acid and rosmanol, phenolic glycosides including the
salicylatéscaabeoh, saligelanuaac ispHoydlox gaidnyldenieass darastierolacaxddoside,
a-lactucerol, and isolactucerol, p-hydroxyphenylacetic acid derivative
taraxabppeden, kighiesc amdsieyins | cogl wiyds o hodjheridethohcimdintupulone, humulone
xanthohumol, lupulone, humulone and 2-methylbut-3-en-2-ol, nutrients

and nuand ceongtialtbincicatirigolitautrinstspretonteceuiolds lds dmggatasrat oprecursor
for hormones, minerals, proteins, minerals, amino acids, plant extracts

such a¥Qjeaplessios gasnripaier) EpeamaReDMPAAlSATalRIE SNIPRRAS staTHIe acids,
peptides, polypeptides and proteins and phosphate derivatives thereof.

14, ThRlIFAEEKBRCUSRARGTRPRRSHA XUATEreRhasivngitdGAnllgolaygaes. phytosterols,

compound is morphine. 15. The method according to _claim 1 wherein the

biologiRRPAEERALLSANSES AR BT el s A YhRAE o1t WA yasdPSiRfdn used
in enteral administration of biglogically active compounds, said carrier . .
bl iy A AR S s
one o] 5%? lectron transfer agents. 17. Use of an effective amount of
one or mare phosphate derivatives of one or more electron transfer

ent ith ather. excip | - j I
B Sl e O o
pharmgggstica)igomposition when used enteral administration comprising

one or
16. A carrier when used in enteral administration of biologically active compounds, said

carrier comprising an effective amount of one or more phosphate derivatives of one

or more electron transfer agents.

17. Use of an effective amount of one or more phosphate derivatives of one or more
electron transfer agents, together with other excipients, in the manufacture of a carrier

for use in the enteral administered of biologically active compounds.

18. A pharmaceutical composition when used enteral administration comprising one or
more biologically active compounds and a carrier comprising an effective amount of
one or more phosphate derivatives of one or more electron transfer agents.

19. A method for improving the efficacy and transport of enterally administered
biologically active compounds, said method comprising the step of combining the
biologically active compound with a carrier comprising an effective amount of one or

more complexes of phosphate derivatives of an electron transfer agent.



more biologically active compounds and a carrier comprising an effective
amount of one or more phosphate derivatives of one or more electron

transfer agents. 19. A method for improving the efficacy and transport of
enterally administered biologically active compounds, said method

comprising the step of combining the bgdogically active compound with a
carrier comprising an effective amount of one or more complexes of
phosphaterderwaevesedfiaanéedtadm ingststernagfenol @cl . dtogrnempduads, said
used in enteral administration of biologically active compounds, said
carrierceviapeing ising:#feetioetizeranoeunsiodnaec more eummitasesf phosphate

phosphate derivatives of an electron transfer agent.
derivatives of an electron transfer agent.



