DISSOLUTION AIDS FOR ORAL PEPTIDE DELIVERY COMPRISING A
BIGUANIDE This invention relates to the use of certain aromatic
walkphelsas absorption enhancers to facilitate the passage ofReptigsss7/e00539
proteins and other macromolecules across the intestinal wall, and in
particular, the use of new agents to aid in dissolution of said aromatic
alcohols, in order to improve the availa]oility of such agents in biological
fluids, where under noal circumstances they are extremely poorly soluble.
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wherein the aromatic alcohol absorption enhancer is present in an amount

by weight greater than or equal to that of the active principle.

According to a second aspect, there is provided the use, in a

pharmaceutical composition, of an aromatic alcohol chosen from propyl

gallate, BHT, BHA and analogues and derivatives thereof together with a

biguanide or a pharmaceutically acceptable salt thereof, capable of

enhancing the solubility of the aromatic alcohol in an agueous medium as

an enhancer for the absorption of macromolecules across the intestinal
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containing an active macromolecular principle, in order to enhance
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and analogues and derivatives thereof, or mixfures thereof, and .
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or mixtures thereof; and a biguanide or a pharmaceutically acceptable salt
thereof, capable of 2b increasing the solubility of the aromatic alcohol
absorption enhancer in an aqueous medium in the preparation of a
medicament for the treatment of obesity. According to a ninth aspect,
there is provided the use of an active macromolecular principle chosen
from erythropoetin, GCST, GMCSF and mixtures thereof; an aromatic
alcohol absorption enhancer chosen from propyl gallate, butylated
hydroxy toluene (BHT), butylated hydroxy anisole (BHA) and analogues
and derivatives thereof, or mixtures thereoff, and a biguanide or a
pharmaceutically acceptable salt thereof, capable of increasing the
solubility of the aromatic alcohol absorption enhancer in an agueous

medium in the preparation of a medicament for the treatment of cancer.
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heating if necessary, and appropriate adjustment of pH, if a solution is not
obtained immediately. To Iml of the solution 25mg of propyl gallate is
added, and the mixture warmed with shaking for up to half an hour. If a
clear solution is obtained, the substituted biguanide may be considered
suitable for use as a dissolution aid. The biguanides for use in the
present disclosure will suitably have the following formula " INHNH R3 A\ll
2N -C-NH-C-R wherein R', R2, B3 and R4 are each independently
chosen from hydrogen, optionally substituted alkyl, optionally substituted
phenyl, ethylene glycol, diethylene glycol, triethylene glycol and
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suitably the chloride, bromide, iodide or salts of organic acids such as the
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50% by weight, preferably from 60 to 95% and more preferably from 80 to
priggjple ghosen from calcitonin and PTH; an aromatic alcohol absorption enhancer chosen
from propyl gallate, butylated hydroxy toluene (BHT), butylated hydroxy anisole (BHA)
and analogues and derivatives thereof, or mixtures thereof; and a biguanide or a
pharmaceutically acceptable salt thereof, capable of increasing the solubility of the
aromatic alcohol absorption enhancer in an aqueous medium in the preparation of a
medicament for the treatment of osteoporosis.

According to a seventh aspect, there is provided the use of calcitonin, an aromatic
alcohol absorption enhancer chosen from propyl gallate, butylated hydroxy toluene (BHT),
butylated hydroxy anisole (BHA) and analogues and derivatives thereof, or mixtures
thereof: and a biguanide or a pharmaceutically acceptable salt thereof, capable of increasing
the solubility of the aromatic alcohol absorption enhancer in an agueous medium in the
preparation of a medicament for the treatment of osteoarthritis.

According to an eighth aspect, there is provided the use of an active
macromolecular principle chosen from peptide Y'Y, oxyntomodulin and a mixture thereof;
an aromatic alcohol absorption enhancer chosen from propyl gallate, butylated hydroxy
toluene (BHT), butylated hydroxy anisole (BHA) and analogues and derivatives thereof, or

mixtures thereof; and a bignanide or a pharmaceutically acceptable salt thereof , capable of



The aromatic alcohol absorption enhancer may be propyl gallate or an

analogue or a derivative thereof; and, preferably is propyl gallate. Suitable

analogues and derivatives of propyl gallate include esters of gallic acid.

The esters may be linear or branched chain C1_12 alkyl, C1-12 alkyloxy,

Cm2 alkylthio or C2_12 alkenyl esters. The compounds are optionally

substituted with halogen, linear or branched chain C1.12 alkyl, C1_12

alkyloxy, C1_12 alkylthio or C2_12 alkgnyl esters. The aromatic alcohol

absorption enhancer may also be chosen from BHT, BHA and analogues

and derivatives thereof. Suitable analogues and derivatives of BHT or ,
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than 0.1%. When used as absorption enhancers according to the present
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pharmaceutical formulation are much higher than previously described in
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comprising cyclosporin (not a macromolecule) and containing BHA, BHT
and PG generally as antioxidants. Although no specific concentrations of
the antioxidants are given, the use of the compounds as antioxidants
suggests a level of no greater than 0.1% wit. The alcohol may be
present in the composition in an amount of from 5 to 30% by weight,
preferably from 10 to 20%. The active macromolecular principles
falling within the scope of the disclosure include all molecules capable of
having a beneficial effect when absorbed into the human WO
2007/093806PCT/G132007/000539 5 or animal body, especially through
the intestinal wall. The beneficial effect may be, for example, therapeutic,
cosmetic or preventative such as prophylactic or contraceptive. The active
macroniolecular principles can be of natural (biological), synthetic or
semi-synthetic origin Macromolecules are preferably defined as molecules
having a molecular weight of over 1000 Da, preferably over 2000 Da and
most preferably over 3000 Da. Examples of macromolecules, including
macromolecular active macromolecular principles, include: 1.Polypeptides
and proteins such as insulin; calcitonin; human serum albumin; growth
hormone; growth hormone releasing factors; galanin; parathyroid
hormone; peptide YY; oxyntomodulin; blood clotting proteins such as
Icinogen, prothombin, fibrinogen, Factor VII, Factor VIII of Factor DC;
erythropoeitins and EPO mimetics; colony stimulating



factors including GCSE and GMCSF,; platelet-derived growth factors;
epidermal growth factors; fibroblast growth factors; transforming growth
factors; GLP-1; exendin; leptin; GAG; cytokines; insulin-like growth
factors; bone- and cartilage-inducing factors; neurotrophic factors;
interleukins including IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 1-9, IL-10,
IL-11, IL-12; interferons including interferon gamma, interferon -1a,
interferon alphas; "INF alpha; 'INF betd; TGF-beta; cholera toxin A and B
fragments; E. coli enterotoxin A and B fragfments secretin; enzymes
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neuronal, liver, cardiac, or adipocyte protein; a cytotoxic protein; a
cytochrome; a protein which is able to cause replication, growth or
differentiation of cells; a SIﬁnalllng\Iﬁ"IolecuIEEucq{as an intra-cellular
signalling protein or an extrécﬁllu@r wal@g@fotem (eg hormone);
trophic factors such as BRRNF, CNTF,NGF, IGF, ®G/MF, aFGF, bFGF,
VEGF, NT3, T3 and HARP; apolipoproteins; antibody molecules;
receptors in soluble foul' such as T-cell receptors and receptors for
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antigenic epitopes and fragments; and 6 derivatives, conjugates and

subgiitisHcakyhrRIBH v P o e Risvel Pk e Al eth SRR SES) be
triglgyiNad Hom huhan-PlRNtRNINal kadesiat e frigrf spurcesaand

extracted either from natural sources, ﬁrepared as recombinants by
fermentation or chemically synthesi ﬁoly leotides such as
long-chain linear or circulagksinglg- lpdg-uocmmé stranded DNA,
single-, double- or triple-stranded RNA, ollgonucleo es such as
antisense DNA or RNA, and analogues thereof including PNA and
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polynucleotides used in the disclosure contain a CpG motif. The coding
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phosphatase); a transport or binding protein (e.g. which binds and/or
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protein); a connective tissue protein (e.g. a collagen, elastin or

e oRECIFEIA ISR BroRei s Groaeare wgain e SR or
mini-dystrophin); a neuronal, liver, cardiac or adipocyte protein; a cytotoxic
protein; a cytochrome; a protein which is able to cause the replication,
growth or differentiation of cells; a protein which aids transcription or
translation of a gene or regulates transcription or translation (e.g. a
transcription factor or a protein that binds a transcription factor or
polymerase); a signalling molecule, such as an intracellular or
extracellular signalling molecule (e.g. a hormone); an immune system

protein such as an antibody, T cell receptor, MHC molecule, cytokine (e.g
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The polynucleotide suitable for use in the disclosure is preferably in a form

in which it is substantially free of or associated with cells or with cellular,

prokaryotic, eukaryotic, nuclear, chromatin, histone or protein material. It

may be in substantially isolated form, or it may be in substantially purified

form, in which case it will generally comprise more than 90%, e.g. (more

than or at least) 95%, 98% or 99% of the polynucleotide or dry mass in the

preparation. Thus the polynucleotide may be in the form of 'naked DNA'.
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anti-microbials, suspending agents, fillers, diluents, disintegrants, swelling

agents, viscosity regulators, plasticisers and acidity regulators(particularly

those adjusting the intestinal milieu to between 7 and 7.5) and protease

inhibitors such as aprotinin, soybean trypsin inhibitor or gabexate mesyl

ate. The composition of the disclosure may optionally further

comprise additional active principles which may enhance the desired

action of the composition in a synergistic fashion. For example, where the

active macromolecular principle is insulin, the composition may also
cromnrice an inciilin eanciticar canahle of increacina the hodyv/'e reennnce



The pharmaceutical compositions of the disclosure are particularly useful
in the treatment of diabetes when the composition may comprise insulin,
w&BeptisiaRr GLP-I or a mixture thereof as active principle, ingpe,cg2007/000539
treatment of osteoporosis when the composition may comprise calcitonin
or PTH or a mixture thereof, in the treatment of osteoarthritis, 10 when
the composition may comprise calcitonin, in the treatment of obesity,
“where the composition may comprise peptide YY or oxyntomodulin or a
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Where
may be in he form of an aqueous solution or as a dry powder, which can
be administered as a spray. Where the intended site of action is the

rectum, an appropriate method of administration is as an anhydrous liquid
or solid enclosed within a capsular shell, or incorporated into the matrix of
an erodible suppository. For vaginal application, adminstration of the
formulation in gel form is also The following Examples serve to
illustrate the present disclosure and should not be construed as limiting.
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Example 1Preparation of a formulation containing metformin and propy!

gallate To 1g metformin 1.83g of distilled water is added. The mixture is

then warmed up at approximately 60C with gentle shaking until all solid

has dissolved. To the clear solution 250mg of propyl gallate is added. The

mixture is then warmed up at approximately 60C with gentle shaking until

all solid has dissolved. The pH is adjuéted to 5.5 by addition of

approximately 25ul of sodium hydroxide. A homogenous solution is ]
degsesitiesd SWRILEETIAThECHEAr At YO QI Plire 5o XArgIang other proteins
mRrepacatien nha farmulatian: cantainipg.phrntarminandprepygadiatechd either
fNcghem‘o_rrpin/ ropyl %allgt formu@glen iS reéaared as descr'rllll?ed in examPIe_ d
FREREABY AT e OTRIT <Y pig é"\%ﬁfﬁ%h SHIBTRTH A Homdgnoy gy nthesised.
solution is dbtainettwhichstemainsngleasiatl mamotetipeatiirel Exdmple 3r

.Preparati farmulation containing chlorhexidine digluconate and
T T B S R A R e e
angsaitte Oidtled WateragiVimglsphatiore ool 08ihglimt. PMOALOm DlefsiHistbalakion

deaé%gm O B}ﬂ&%%@1@1%%8}%@6}1%%5@5# Oﬂ@ﬁ%ﬁ%@“ﬁ&& B ?Igehdisclosure

approximately 60C with gentie shaking until Id has dissolved. The
coplasadiysteetio Bis pladdriorsieag shexinlsnalsi8de whl Meuttigriherapeutic

proVEEORidRA NAMAYERAHS SRR jRQNIRIREd Which remains, oJeat &l .

room temperature. Example 4 Preparation of a formulation containing =~
SCFHABOPRRT AN A b IR H Y aFose 1ot SELOBIT) Mrel 40 Of Y SHBERGRR ) a
pré&ig mtslistillechwalgnisaslded. aTheJa prbtgnSsthan Warpes Upralein (c.g.
_approximately 70C with gentle shalcing unti] all solid has dissolved. To the
Kinge i SNSRI BReT [&ciided: BhnYHhRE {ecte R Wdrhfsd icatuch as a
capproximaiely. ¢ witicgonile sbalisigeuatl alhsolidibas KissoMatk)Aor a cell

. h enous solution is ohtained which remains clear.at foom )
S E SRS BIURAAT SOUTO TS LBH by acids. ehcogen,

emp
anphenfalmmcaeidsbotylated &y dobyoutdiuetes (BT Ta 40BiKg phenfdohidrate
3900 dstlledwateninadded, The mixture s thenwanmed Upaty o o
'§p%rOX|mété1y 70EWith gentle éﬁaﬁi‘rﬁg until al S(\)/hfhé%y&ségfl%\ee}&:s 1o the™*
thfdl@@i“ssgl uthon d@@mgi_cfz@bﬁﬁﬁradd@mﬂ_’ﬁe &ﬂlg:-tu ﬂeiligs_ﬂﬂ@rph@_lphadsap at
traﬁ%@&nﬁ%ﬁl}{g 191 ;.XYH_*E‘e%‘?Wiﬁe}ﬁiﬁ&@&%’&%#&%é}l'iﬁ?'édv%%ﬂ!*,s&%l}{?%nﬁammo

homogenous solution is obtained which remains clear at room .
ackip@iduike DBk ahael e P reprariatisico PEotormphatprr Bortaimmr protein or an
HIPhen{enip, schhutylated Mydrexy. aniseie (BHALJINg Rrenaalion ahodin): 4

for the Metfonnin/BHT formulation is as described in example 5 except
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cause the replication, growth or differentiation of cells; a protein which aids transcription or
translation of a gene or regulates transcription or translation (e.g. a transcription factor or a
protein that binds a transcription factor or polymerase); a signalling molecule, such as an
intracellular or extracellular signalling molecule (e.g. a hormone); an immune system
protein such as an antibody, T cell receptor, MHC molecule, cytokine (e.g TL-1, IL-2, 1L-3,
1L-4, IL-5, IL-6, IL-7, TL-8, IL-9, IL-10, TNE-, TNF-, TGF-), an interferon {(e.g. IFN-, IFN-
.» IFN-}), chemokine (e.g. MIP-1, MIP-1, RANTES), an immune receptor (¢.g. a receptor for
a cytokine, interferon or chemokine, such as a receptor for any of the above-mentioned

cytokines, interferons or chemokines) or a cell surface marker (e.g. macrophage, T cell, B



Example 7 Preparation of a formulation containing inetformin, propyl
gallate and insulin The metformin/propyl gallate solution is prepared as
described in Example 1. The obtained solution is then cooled down to 37C
and 28.1mg of insulin is added. The mixture is then incubated at 37C with
mixing till the insulin is completely dissolved. The solution is then frozen
rapidly at -20C, incubated further at -20C for 1 hour and then freeze-dried
overnight, by exposing to vacuum of Imbar. The dry powder cake is then
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which infects such eukaryotes. The polynucleotide may comprise an origin of replication.

The polynucleotides may be chemically modified. This may enhance their
resistance to nucleases or may enhance their ability to enter cells. For example,
phosphorothioate oligonucleotides may be used. Other deoxynucleotide analogs include
methylphosphonates, phosphoramidates, phosphorodithioates, N3'P5'-phosphoramidates
and oligoribonucleotide phosphorothioates and their 2'-O-alkyl analogs and 2'-O-
methylribonucleotide methylphosphonates. Alternatively mixed backbone oligonucleotides
(MBOs) may be used. MBOs contain segments of phosphothioate oligodeoxynucleotides
and appropriately placed segments of modified oligodeoxy- or oligoribonucleotides.

MBOs have segments of phosphorothicate linkages and other segments of other modified
oligonucleotides, such as methylphosphonate, which is non-ionic, and very resistant to
nucleases or 2'-O-alkyloligoribonucleotides.

The polynucleotide suitable for use in the disclosure is preferably in a form in which
it is substantially free of or associated with cells or with cellular, prokaryotic, eukaryotic,
nuclear, chromatin, histone or protein material. It may be in substantially isolated form, or
it may be in substantially purified form, in which case it will generally comprise more than
90%, e.g. (more than or at least) 95%, 98% or 99% of the polynucleotide or dry mass in the
preparation. Thus the polynucleotide may be in the form of ‘naked DNA’.

3. Polysaccharides such as heparin, low-molecular weight heparin,
polymannose, cyclodextrins and lipopolysaccharide.

4, Any or all of the above either separately or in combination with each other

(for example in the form of a heteroconjugate), or with additional agents.



Example 9 In vivo efficacy of metforrnin hydrochloride/propyl
gallate/insulin mixture in juvenile pigs. Formulations as prepared in
example 7 are mixed with swelling agent and glidant, and the dry powder
is filled into capsules, each having components in the proportions shown
below. Formulations containing chenodeoxycholate instead of metforrnin,
and salmon calcintonin instead of insufin are prepared for comparison. All
formulations have identical amounts of propyl gallate per capsule. 41B

90A ﬁﬁﬁéﬁ%&'&%{?&mﬂe&z 3fHe 8@&%&%@&116%9@5@91}%@93@ fclmllar principle to

be absorbed 1s selected from calcitonins, insulin, low molecular weight heparin,
erythropoeitin, colony stimulating factor, including granulocyte colony stimulating factor
{GCSF) and granulocyte monocyte colony stimulating factor (GMCSF), interferons, C-
peptide, glucagons-like protein 1 (GLP-1), human growth hormone and parathyroid
hormone and analogues and fragments thereof.

In the compositions of the disclosure, the aromatic alcohol absorption enhancer is
present in an amount {by weight) greater than or equal to that of the active macromolecular
principle. This provides an effective concentration of aromatic alcohol absorption enhancer
at the intestinal cell barrier layer (intestinal wall) so as to cause enhanced absorption in the
co-presence of a suitable amount of the active macromolecular principle which, when
absorbed, will exert 1ts normal beneficial effect. The amounts of the aromatic alcohol
absorption enhancer and active macromolecular principle are readily selected on the basis
of the amount (for example, blood concentration level) of the active macromolecular
principle concerned which is necessary for therapeutic efficacy. The weight ratio of
aromatic alcohol absorption enhancer to active macromolecular principle in the mixture
contained in the capsule is suitably at least 1:1, preferably at least 5:1, for example from 1:1
to 100:1, preferably from 3:1 to 50:1, most preferably from 5:1 to 20:1.

The ratio of biguanide to aromatic alcohol absorption enhancer is suitably at least
2:1 by weight, preferably from 2:1 to 10:1, and most preferably from 2:1 to 5:1.

The absolute amount of the active macromolecular principle would be selected on
the basis of the dosage of the substance required to exert the normal beneficial effect with
respect to the dosage regimen used and the patient concerned. Determination of these
amounts falls within the mantle of the practitioner of the disclosure.

In the composition for oral administration it is preferred that the contents of the
capsule comprises a suitable amount of the active macromolecular principle to achieve its
normal therapeutic effect. For example, the composition may contain from 0.05 to 50%,
preferably from 0.1 to 25%, more preferably from 0.1 to 10% by weight of the active
macromolecular principle based on the weight of the capsule contents (not including the

capsule itself).



133.4mg 133.4mg Chenodeoxycholate 70.60mg Propyl gallate 33.35mg
33,35mg 33.35mg Sodium starch glycolate 9.69mg 15.15mg, 1 5. 1 5mg
Fumed silica 1.08mg 1.67mg
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The composition of the disclosure may further comprise one or more other
absorption enhancer compounds, for example, medium cham fatty acids and medium chain
monoglycerides.

The composition of the disclosure may optionally further comprise any
conventional additive used in the formulation of pharmaceutical products inclading, for
example, anti-oxidants, anti-microbials, suspending agents, fillers, diluents, disintegrants,
swelling agents, viscosity regulators, plasticisers and acidity regulators (particularly those
adjusting the intestinal milieu to between 7 and 7.5) and protease inhibitors such as
aprotinin, soybean trypsin inhibitor or gabexate mesylate.

The composition of the disclosure may optionally further comprise additional active
principles which may enhance the desired action of the composition in a synergistic
fashion. For example, where the active macromolecular principle is insulin, the
composition may also comprise an insulin sensitiser capable of increasing the body’s
response to the insulin absorbed. Examples of sensitisers which could be employed in this
fashion are troglitazone, pioglitazone, rosiglitazone and other members of the glitazone
class of molecules.

In the composition of the disclosure where the mixture 1s contained in a capsule or
tablet that comprises the aromatic alcohol absorption enhancer and active macromolecular
principle, the formulation 1s preferably substantially anhydrous. In more preferred
embodiments of the invention the entire composition is substantially anhydrous.
Substantially anhydrous in the context of this disclosure means less than 5%, preferably
tess than 1% and more preferably less than 0.5% water by weight of the mixture.

The compositions of the disclosure can, depending on the active macromolecular
principle used therein, be used in the treatment of a variety of conditions and diseases of the
human or animal body by therapy or, alternately, can be used to introduce macromolecules
essential for the diagnosis of diseases and conditions within the human or animal body. The
compositions of the disclosure are preferably pharmaceutical or cosmetic compositions.

The pharmaceutical compositions of the disclosure are particularly useful in the
treatment of diabetes when the composition may cemprise insulin, C-peptide or GLP-1 or a
mixtare thereof as active principle, in the treatment of osteoporosis when the composition

may comprise calcitonin or PTH or a mixture thereof, in the treatment of osteoarthritis,



1.67mg Soybean trypsin inhibitor 10.00mg The capsules are
administered in capsules via a stoma into the jejunum of eight juvenile
pigs (each -40kg weight). Blood glucose levels are measured at intervals
over a six hour period and mean change in AUC of plasma glucose is
calculated in h.rnmo1/1. As can be seen from the summary of data below,
the formulation containing the metformin/propyl gallate combination
displays efficacy equal to or greater tH&h that of chenodeoxycholate/propyl
gallate. 15 AUC of change in plasma glucose after 6 hours (h.mino1/1)
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incorporated into the formulation either in the form of a solution or as a microparticulate
dispersion. Alternatively, the composition may be in the form of a solid.

The compositions of the disclosure are suitably produced by preparing a
substantially anhydrous mixture of the active macromolecular principle and the aromatic
alcohol absorption enhancer and then optionally filling uncoated capsules with the mixture
and optionally coating them with an appropriate polymer mixture to achieve the desired
permeability properties.

Depending on the nature of additional excipients employed, the pharmaceutical
composition of the disclosure may be in liquid, solid, semi-solid or gel form. The
pharmaceutical composition of the disclosure is suitable for administration via any route
giving access to different mucosal tissues such as buccal and sublingual mucosa, the nasal
palate, the lungs, the rectum, the intestinal tract (including the large and small intestines)
and the vagina. In the case of liquid, semi-solid or gel formulations, these may be either
anhydrous or aqueous.

Where the intended site of action of the composition of the disclosure is the
intestine, 1t is desirable that the composition is enclosed within an enteric coating which can
withstand the stomach, so that the components of the formulation remain together,
undiluted and in close association until they reach the tissues of the small intestine or colon.
Such formulations will suitably be anhydrous. Compositions in liquid form will suitably be
administered as enteric-coated capsules, while solid formulations may be administered
either within enteric-coated capsules, or in tablet form.

The enteric coating is chosen appropriately to withstand the natural condition of the
stomach and to become permeable at the desired location in the intestine. This is preferably

determined by the pH conditions which modulate along the length of the mtestine, Where



81A 8113 82A 82B 84A 84B Calcitonin Img Img Img Img Img Img Insulin
3.75mg
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the site of action is the small intestine, it is preferred that the enteric coating becomes
permeable and releases its contents at a pH from 3 to 7, preferably from 5.5 to 7, more
preferably from 5.5 to 6.5. Where the intended site of action is the colon, it is preferred that
the enteric coating becomes permeable and releases its contents at a pkH of 6.8 or above.

Suitable enteric coatings are well known in the art and include polymethacrylates
such as those selected from the L and S series of Eudragits in particular Eudragits 112.5P,
L12.5, 1100, L1060-55, L30 D-535, 812.5P, S12.5 and S100. Selection of an appropriate
coating for the capsule, which is preferably a gelatine capsule, can readily be made by the
person skilled in the art based on their knowledge and the available literature supporting the
Eudragit products.

Where the intended site of action is the nasal mucosa, the formulation may be in the
form of an aqueous solution or as a dry powder, which can be administered as a spray.

Where the intended site of action 1s the rectiun, an appropriate method of
administration is as an anhydrous liquid or solid enclosed within a capsular shell, or
incorporated into the matrix of an erodible suppository.

For vaginal application, adminstration of the formulation in gel form is also

The following Examples serve to illustrate the present disclosure and should not be

construed as fimiting.

Examples

Example I  Preparation of a formulation containing metformin and propyl gallate

To g metformin 1.83g of distilled water 1s added. The mixture is then warmed up at
approximately 60°C with gentle shaking until all solid has dissolved. To the clear solution
250mg of propyl gallate is added. The mixture is then warmed up at approximately 60°C
with gentle shaking until all sohid has dissolved. The pH is adjusted to 5.5 by addition of
approximately 25ul of sodium hydroxide. A homogenous solution is obtained which

remains clear at room temperature.



Metformin 133.4mg 133.4mg 133.4mg 133.4mg 133.4mg
Chenodeoxycholate 70.6mg 70.6mg

W3 2007/093806 PCT/GB2007/000539
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Example 2  Preparation of a formulation containing phenformin and propyl galiate

A phenformin/propyl gallate formulation is prepared as described in example 1 except that

metformin is replaced with phenformin. A homogenous solution is obtained which remains

clear at room temperature.

Example3  Preparation of a formulation containing chiorhexidine dighuconate and

propyl gallate

Chlorhexidine digliconate solution at 200mg/ml is diluted 2 x with distilled water giving
solution of 100mg/ml. To 10ml of this solution 250mg of propyl gallate is added. The
mixture is then warmed up at approximately 60°C with gentle shaking until all solid has
dissolved. The pH is adjusted to 5.5 by addition of approximately 25ul of 1M sodium

hydroxide. A homogenous solution is obtained which remains clear at room temperature.

Example4  Preparation of a formulation containing metformin and butylated

hydroxy toluene (BHT)

To 400mg metformin 4.0g of distilled water is added. The mixture is then warmed up at
approximately 70°C with gentle shaking until all solid has dissolved. To the clear solution
40mg of BHT is added. The mixture is then warmed up at approximately 70°C with gentle

shaking until all solid has dissolved. A homogenous solution is obtained which remains

clear at room temperature.

Example 3  Preparation of a formulation containing phenformin and butylated

hydroxy toluene (BHT)

To 400mg phenfonﬁjn 4.0g of distilled water is added. The mixture is then warmed up at
approximately 70°C with gentle shaking until all solid has dissolved. To the clear solution
100mg of BHT is added. The mixture is then warmed up at approximately 70°C with gentle



Propyl gallate 33.35mg 33.35mg 33.35mg 33,35mg 33.35mg Sodium
starch glycolate 15.15mg 9.45mg 9.45rng 15.15mg

WO 2007/093806 PCT/GB2007/000539
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shaking until all solid has dissolved. A homogenous solution is obtained which remains

clear at room temperature,

Example 6 Preparation of a formulation containing phenformin and butylated

hydroxy anisole (BHA)

The preparation method for the Metformin/BHT formulation is as described in example 5
except that BHT is replaced with BHA. A homogenous solution is obtained which remains

clear at room temperature.

Example 7  Preparation of a formulation containing metformin, propyl gallate and

insulin

The metformin/propyl gallate solution is prepared as described in Example 1. The obtained
solution is then cooled down to 37°C and 28.1mg of insulin is added. The mixture is then
incubated at 37°C with mixing till the insulin is completely dissolved. The solution is then
frozen rapidly at -20°C, incubated further at -20°C for 1 hour and théﬁ freeze-dried
overnight, by exposing to vacuum of Imbar, The dry powder cake is then passed through a

sieve so a fine powder is obtained.

Example 8  Dissolution of a formulation containing metformin, propyl gallate and

insulin

244mg of the Metformin/PG/Insulin powder is weighed into an 8ml vial that is then
transferred into 4 37°C water bath. 1l of simulated intestinal fluid pH 5.5 pre-warmed to
37°C is introduced to the sample that is then incubated at 37°C. The powder dissolves
within 10 minutes. 100ul of the solution is transferred to a well of the microplate and the
absorbance is measured at 620nm and 492nm, The optical density of the solutions is similar
to that for simulated intestinal fluid alone, demonstrating that the solution is clear and free

from particles, and no scattering is observed.



15.15mg 15.15mg 15.15mg Fumed silica 1.67mg 1,05mg 1.05mg 1.67mg
1.67mg 1,67mg I.67mg Soybean trypsin inhibitor 10.00mg

WG 2007/093806 PCT/GB2007/000339
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Sample Absarbance at 492nm | Absorbance at 620nm |
Powder 0.064 0.038
Intestinal fluid | 0.038 0.043

Example$ In vive efficacy of metformin hydrochleride/propyl gallate/insulin

mixture in juvenile pigs.

Formulations as prepared in example 7 are mixed with swelling agent and glidant, and the
dry powder is filled into capsules, each having components in the proportions shown
below. Formulations containing chenodeoxycholate instead of metfc;rmin, and salmon
calcintonin instead of insulin are prepared for comparison. All formulations have identical

amounts of propyl gallate per capsule.

41B 90A 88E
Insulin 3.75mg 3.75mg '
Calcitonin 1.00mg
Metformin 133.4mg 133.4mg
Chenodeoxycholate | 70.60mg
Propyl gallate 33.35mg 3335mg 33.35mg
Sodium starch 9.69mg 15.15mg 15.15mg
glycolate
Fumed silica 1.08mg 1.67Tmg 1.67mg
Soybean trypsin 10.00mg
inhibitor

The capsules are administered in capsules via a stoma into the Jejunum of eight juvenile
pigs (cach ~40kg weight). Blood glucose levels are measured at intervals over a six hour
period and mean change in AUC of plasma glucose is calculated in h.mmol/l, As can be
seen from the summary of data below, the formulation containing the metiormin/propyl
gallate combination displays efficacy equal to or greater than that of

chenodeoxycholate/propyl gallate.




10.00mg Aprotinin  10.00mg 10.00mg Blood calcium levels are
measured at intervals over a six hour period and mean change in AUC of

wlagmgesalgium is calculated in h.mmol/1. As can be seen fr%@ﬁ@%zoemaos@
summary of data below, calcium levels are reduced below the baseline as

a result of introduction of calcitonin int?sthe bloodstream from the
intestine. The metfatiainfPG combination is most efficacious, more so than
the metformin in the absence of PG, indicating that the absorbtion
enhancing effect is not due to metfomiin itself Abigt décthiegeespltsof gotionagbr
the propyl 16 gallate, whose dissolution in agsigeksmedigin the gut is
sbsoughtialkaut.py;the presence of the metformin, Further enhancement of
9?&“"1’%@ u%e%n%%@ht about by inclusion of Qgg(}zease inhibitors in the
ormulations.
88E  Calcitonin/metformin/PG + SBTI (-ve control) -0.21

Example 10 In vivo efficacy of metformin hydrochloride/propyl gallate/ealcitonin

mixture in juvenile pigs.

Formulations as prepared in example 9 (containing 6000iu salmon calcitonin, 133mg
metformin hydrochloride and 33mg propyl gallate or 6000iu salmon calcitonin and
metformin hydrochloride alone) are administered as dry powders inside capsules via a
stoma into the jejunum of eight juvenile pigs (each ~40kg weight). Compositions of the
contents of each capsule are shown in the table below, Fonnuiationsl containing

chenodeoxycholate are included for comparison.

90A 81A 81B 82A 82B 84A 84B
Calcitonin Img Img Img Img lmg Img
Insulin 3.75mg .
Metformin 133.4mg 133.4mg | 133.4mg | 133.4mg | 133.4mg
Chenodeoxycholate 70.6mg | 70,6mg
Propyl gallate 33.35mg ; 33.35mg | 33.35mg | 33.35mg | 33.35mg
Sodium starch glycolate 15.15mg | 9.45mg | 945mg | 15.15mg | 15.15mg | 15.15mg | 15.15mg
Fumed silica 1.67mg | 1.05mg | 1.05mg | 1.67mg | 1.67Tmg | 1.67mg | 1.67mg
Soybean trypsin inhibitor 10.00mg 10.00mg
Aprotinin I0.0C;mg 10.00mg

Blood calcium levels are measured at infervals over a six hour period and mean change in
AUC of plasma calcium is calculated in h.mmol/l. As can be seen from the summary of
data below, calcium levels are reduced below the baseline as a result of introduction of
calcitonin into the bloodstream from the intestine, The metformin/PG combination is most
efficacious, more so than the metformin in the absence of PG, indicating that the absorbtion

enhaneing effect is not due to metformin itself, but is the result of action of the propyl



AUC of change in plasma calcium after 6 hour (h.mmo1/1) 90A
Insulin/metformin/PG eve control) -0.51 81A

w& adeianinjghenodeoxycholate/PG -0.89 81B POT/GR2007/000539
CalcitonirJchenodeoxycholate/PG + SBTI -1.43 82A Cal

citonin/Metformin/PG -1.12 823 Calcit?gin/Metformin/PG + aprotinin -2.04
84A
gallate, whose dissolution in aqueous media in the gut is brought about by the presence of
the metformin. Further enhancement of activity can be brought about by inclusion of

protease inhibitors in the formulations.

AUC of change in plasma
calcium after 6 hour (h.mmol/l)

90A  Insulin/metformin/PG (~ve control) -0.51

81A  Caleitomin/chenodeoxycholate/PG (.89

81B  Calcitonin/chenodeoxycholate/PG + SBTI  -1.43

82A Calcitonin/Metformin/PG ~1.12

82B  Calcitonin/Metformin/PG + aprotinin -2.04

84A  Calcitonin/Metformin —no PG -0.65

84B  Calcitonin/Metformin + aprotinin —no PG -0.68

Example 11 In vivo efficacy of metformin hydrochloride/propyl gallate/calcitonin

mixfure in juvenile pigs.

A formulation as prepared in example 9 (each capsule containing 4mg parathyroid
hormone, 133.4mg metformin hydrochloride, 33.35mg propyl gallate, 15.15mg sodium
starch glycolate, 1.65mg fumed silica and 10.00mg soybean trypsin inhibitor) is
administered via a stoma into the jejunum of eight juvenile pigs (each ~40kg weight).
Blood calcium levels are measured at intervals over a six hour perioci. As can be seen from
the data below, calcium levels are changed from the baseline as a result of introduction of

PTE into the bloodstream from the intestine.

Peak-to-trough difference in
plasma calcium (mmol/1)
PTH solution in buffered saline s.c (C.4mg) 0.31
88B PTH in Metformin/PG formulation 1.j. (4.0mg) 0.27



Calcitonin/Metformin - no PG -0.65 843 Calcitonin/Metformin + aprotinin -
no PG -0.68 Example 11 In vivo efficacy of metformin

whydiesbianide/propyl gallate/calcitonin mixture in juvenile pigSeAy/cr2007/000539-
formulation as prepared in example 9 (each capsule containing 4mg

parathyroid hormone, 133.4mg metformin hydrochloride, 33.35mg propyl
gallate, 15.15mg sodium starch glycolate, 1.65mg fumed silica and
10.00mg soybean typsin inhibitor) is administered via a stoma into the
jejunum of eight juvenile pigs (each -40kg weight). Blood calcium levels

are measured at intervals over a sié riod. As can be seen from the
data below, calcium levels are cha the baseline as a result of
introduction of PTH into the bloodstream from the intestine.

Peak-to-t ' ' .calcium (mmaol/1) PTH solution in
bl?f?erlé?j égﬁg s.C g%r%%%%?%%? llgrhcﬂﬁp eHBmin f%tfmulation .
(4.0M@)O.ZWM@@EMM@@ﬂ%h@m&W@lEQI composition comprising a
mixtugg of - Aa)am%%m@m%@mmw&%a@ gggrﬁya;@&' %ﬁi& hol

absorption enhancer chosen from propyl| gallate, bu X

toluene (BH Y Brdarrydeiara fidlo. (Bradgted ydreipguisola(BHA) and
derivatives HagrealeQs i as {BSRAERY) mixtures thereof; and

{¢)  abiguanide or a pharmaceutically acceptable salt thereof, capable of
increasing the solubility of the aromatic alcohol absorption enhancer in an
aqueous medium,

wherein the aromatic alcohol absorption enhancer is present in an amount by
weight greater than or equal to that of the active principle.

2. A composition according to claim 1, which comprises less than 5% by
weight of water.

3. A composition according to any of claims 1 to 2, wherein the composition is
coated with an enteric coating which becomes permeable at a pH from 3 to 7.

4, A composition acéording to any one of claims 1 to 3, wherein the mixture
comprises from 5 to 30% by weight of the aromatic alcohol absorption enhancer.

5. A composition according to any one of claims 1 to 4, 'whe:rein the biguanide
is chosen from metformin, phenformin and chlorhexidine and pharmaceutically acceptable
salts thereof.,

6. A composition according to claim 5, wherein the biguanide is chosen from
metformin, phenformin, chlorhexidine and pharmaceutically acceptable salts thereof,

7. A composition according to any preceding claim, wherein the mixtare is in
the form of a solution or a microparticulate dispersion.

8. A composition according to any preceding claim, wherein the
mixture is in solid form.

9. A composition according to any one of claims 1 to 8, wherein the active
macromolecular principle is a polypeptide or protein, polynucleotide, polysaccharide or a

mixture thereof.



(c) a biguanide or a pharmaceutically acceptable salt thereof, capable of
increasing the solubility of the aromatic alcohol absorption enhancer in an
aghpaisgmedium,  wherein the aromatic alcohol absorptios-gnhansefuoosse
is present in an amount by weight greater than or equal to that of the
active principle. 2.A composition according to claim I, which comprises,
less than 5% by weight of water. 3.A position according to any of
claims 1 to 2, wherein the composition is coated with an enteric coating
which becomespemisable atréipHdram:s st,oﬂﬁem thé ,ﬁmmﬁéﬂfcular
according,to any one of claims Ito. 3, wherein the mixture comprises from | .
P R SRE O A S er s o0 BCL R FEHEGHRGRE A, Ty pgeitin,
grevhposition cagcdigingtie dagtonxof Elaim S itepddeyidarein, thesbig yanide

| i enformin and chlorhexidine and
hd&%&%ﬁ%@%@%&%ﬁé‘ ggﬁlsla%ﬁglrlg%f) r%a%{l %égcé%ﬁe@s?ition according

to cldifn 5, viheveipogiiobigneanitie it chose? frdieraistfatiiio pplventarieinar
prﬁ'faliﬁm?g(iggﬁﬁrﬁQQI&M@&CQ%&?}&E%%?%}&%%F %I{[ %1{91%1%%81:01: a dei\'fAéﬁVG

composition according to any preceding claim, wherein the mixture is'in
thefs@%orm of a solution or a microparticulate dispersion. ‘8. A

composition acearding: 10, a0 g8 Aneh Ik WhSKAID thegpixture is in

solid form, .9. A composition according to any one of claims 1 to 8,
MAGRRLRaIRCHE LERAPIR AL st AR ApRiRar e dlavaliisdha@etor protein,
polynacleotidenpptypaschruce e 8 MmixBedmerenhits for udlirhe therapeutic

Té%rﬁrl}?osjtion accordiFS%% claim 9, where the active macromolecular
o]

SR EHBEA G fiAnElRedbw molecular weight heparin,
erythrpoe gsarivlapyienalonycstisompbieg dactsnd neHRI k1 oRERIEEn from

- hh and parathyroid hounagne or analogues or
pr q%b;%?]g#g Z%%fﬁé%%‘ﬁ& anc? g%na glgeues an %eritv%tives thereof, together with a biguanide

W
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or a pharmaceutically acceptable salt thereof, capable of enhancing the solubility of the
aromatic alcohol in an aqueous medium as an enhancer for the absorption of
macromolecules across the intestinal wall.

15, Use of an aromatic alcohol chosen from propyl gallate, BHT, BHA and
analogues and derivatives thereof, together with a biguanide or a phaﬁ*maceutically
acceptable salt thereof, capable of enhancing the solubility of the aromatic alcohol in an
aqueous medium in the manufacture of 2 medicament containing an active macromolecular
principle, in order to enhance absorption of the active macromolecular principle into the
human or animal body.

16, Use according to claims 14 or 15, wherein the molecule(s)/active
macromolecular principle to be absorbed is a polypeptide or protein, polynucleotide,
polysaccharide or a mixture thereof,

17.  Use according to claim 16, wherein the molecule(s)/active macromolecular
principle to be absorbed is chosen from calcitonin, insulin, low molecular weight heparin,
erythropoeitin, granulocyte colony stimulating factor, interferon, C-peptide, GLP-1, human
growth hormone and parathyroid hormone or analogues or fragments thereof,

18.  Use according to claim 17, wherein the molecule(s)/active



11. A composition according to claim 9, where the active macromolecular
principle is insulin, calcitonin or parathyroid hormone or an analogue or a
derivative thereof 12. A compositign according to claim 11, wherein

the active macromolecular principle is insulin or an analogue or derivative
thereof 13. A composition according to any preceding claim, for use in

the therapeutic or diagnostic treatment of the human or animal body.
mapremsel e pPrErMBEGtRGAROIISOSHIR bR G ISHOMARY Biésthoreldaaone

JramuBeRy Sallale, B fnBidA and analogues and derivatives thereof,

together with a biguanide or a pharmaceutically acceptable salt thereof,
capabl&-of ehhaaesgthe SotlbmtorthedihaitcledroVirciicaqueous

Medilmasan sanapeanior he,aRsorrtion of spasramelacuissiagiss the

intestinal wall. 5. Use of an aromatic alcohol chosen from propyl
ﬂ@‘éﬁﬁfe, BHT, BHA and analogues and derivatives thereof, together with a

biguanigle or gpharmageutically Acceptabisssaititheseqh capable Ofnposition

enhancing the solubility of the aromatic alcohol in an agueous medium in
ceBIERS Rae b of a et RNV &6htaining an active macromolecular

principle, in qrdet, (o LARANER RSOMRLIRN of the ACHYE NI HBGIBSHIGE . the
principle into the human or animal body. 16. Use according to claims

aglvsrmarrgiRekeihl i erReialR L) PaciverhistitimBle ctpmabiiishetdbie

FRRRURLEhiS RRONRERTS AL RGN RAYYAYRIePHEe spRdysaccharide or a
mixture thereof 17. Use according to claim 16, wherein the

molectie(syaEei thatrohiBaea i BRSO TP bR ARG RS ar

phhamralEto ik s Win oW -Mmeleciai WeaighhieRakmh A HIOPagHina
granulocyte colony stimulating factor, interferon, C-peptide, GLP-1, human
CHRRRHIBY oS B P AFtRYFAIE HetRToht dPanalogues or fragments

thereaofs,  18sMse Aceanding Jo-slaimchlarwipieindbronalecuiesastive

19 macromolecular principle to be absorbed is insulin, calcitonin or

PRI &Yk hOFrASHE S aihaToBhed i FragHseEs tRk?REFPtion FBNsEr chosen
fﬁﬁﬁ@{@}ﬁg@ gl 81 whersindhe waleeUB (ST RGIvE MATOMOISCMlAb] e
rinciple to be absorbed is insulin or an analogue or fragment thereof.

(BbiA) s BeAHE B BT L 3B NGy fh@lé&#p%ﬁﬂ&? or
AGHANBEIRRS HREE $hRBeplbLRY swieigbtof Walible of increasing the solubility of the
aromatic alcohol absorption enhancer in an aqueous medium in the preparation of a
medicament for the treatment of diabetes.

24.  Use of an active macromolecular principle chosen from calcitonin and
PTH; an aromatic alcohol absorption enhancer chosen from propyl gallate, butylated
hydroxy toluene (BHT), butylated hydroxy anisole (BHA) and analogues and
derivatives thereof, or mixtures thereof; and a biguanide or a pharmaceutically
acceptable salt thereof , capable of increasing the solubility of the aromatic alcohol
absorption enhancer in an aqueous medium in the preparation of a medicament for the
treatment of osteoporosis. |

25.  Useof calcitonin, an aromatic alcohol absorption enhancer chosen
from propyl gallate, butylated hydroxy toluene (BHT), butylated hydroxy anisole
(BHA) and analogues and derivatives thereof, or mixtures thereof; and a biguanide or
a pharmaceutically acceptable salt thereof , Capa‘bie of increasing the solubility of the

aromatic alcohol absorption enhancer in an aqueous medium in the preparation of a

medicament for the treatment of osteoarthritis.



21. Use according to claims 14 to 19, which comprises incorporating the
active macromolecular principle(s) tolge absorbed into the aromatic
alcohol in the form of a solution, as a microparticulate dispersion or as a
solid. 22. A method of enhancing the absorption of an active
aiprmetsrabiekUl s PRI A EtIE AL MHIPR BN dRBFgeaparation of a
administeringip said patient A cempesition as defined in any one of claims
1to 13. 23. Use of an active macromolecular principle chosen from
insuliROC-pdptiie] @i PetveraermpinstHarasain's drsticikeppeptide YY,

o NROFRLAN S ARANCRE CRPSBRIOM-ProRy gallate R MRIR g YA h cer
toluene (BHT), butylated hydroxy anisole (BHA) and analogues and

clishodtvesmeresalimbatiel CattdussigBahioebyivaated hydroxy
JRBSMAcEATicAl AOceRIRDIG SR herRQfeaRaDIS afincreagingdheind a

solubility of the aromatic alcohol absorption enhancer in an aqueous
bigeatiisie an ambprepraiion ppecARshaTAl Hrssrohec it BhiTEBEISS.
sAfbiBe A0 AGHYR BIACEADIAIRHRIRI NG GNASENHM.SRIRIERNIN iAH.

PTH; an aromatic alcohol absorption enhancer chosen from propyl gallate,
PISREyRIted Pydrosdieamerd BT it aIanaated ARy anisole (BHA) and

analogyles and.dgriyativesdhersemormiriusesiharadis andiaRigHanigscetin,
a pharmaceutically acceptable salt thereof, caﬁﬁ)a le of increasing(%e
e et

Géotdbifitl65thansk srhatte albsrol absarptieH crkabelerireEag 6
chRediuinthe prepauation of fcnedicamantiardhpireatnent el hydroxy

0steoporosis. 25. Use of calcitonin, an aromatic alcohol absorption
apisplsrEBlechasdaTriraysfoby BasEYBUtlrARSE RYRBE o tsHeciBIt)2
v atedhydraxn anisola (BHA ARsl analeaues anddavatives dhereahe

or mixtures thereof; and a biguanide or a pharmaceutically acceptable salt
sQHEYEET, b aro BrlicrintRRT BHRIDAMYAC R A0 ARHE W dBFHFM in the

pRDIPIRIRR ENRRREHIRATAIHEUsMed i indhe preparation of a
medicament for the treatment of osteoarthritis. 20 aromatic alcohol

absorption enhancer in-an agueous-medium-in-the preparation of a
medicament for the treatment of osteoarthritis. 26. Use of an active
macromolecular principle chosen from peptide YY, oxyntomodutin and a
mixture thereof; an aromatic alcohol absorption enhancer chosen from .
propyl gallate, butylated hydroxy toluene (BHT), butylated hydroxy anisole
(BHA) and analogues and derivatives thereof, or mixtures thereof; and a
biguanide or a pharmaceutically acceptable salt thereof, capable of
increasing the solubility of the aromatic alcohol absorption enhancer in an
agueous medium in the preparation of a medicament for the treatment of
obesity. 27. Use of an active macromolecular principle chosen from
erythropoetin, GCST, GMCSF and mixtures thereof; an aromatic alcohol
absorption enhancer chosen from propy! gallate, butylated hydroxy
toluene (BHT), butylated hydroxy anisole (BHA) and analogues and
derivatives thereof, or mixtures thereof; and a biguanide or a
pharmaceutically acceptable salt thereof, capable of increasing the
solubility of the aromatic alcohol absorption enhancer in an agueous
medium in the preparation of a medicament for the treatment of cancer.



