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BILE ACIDS AND BIGUANIDES AS PROTEASE INHIBITORS FOR
PRESERVING THE INTEGRITY OF PEPTIDES IN THE GUT

Field of the Invention

[0001]  This Invention relaies to methods of preserving the integrity of ;Septide_s in

the gut. In particular, it cohcems the new use of cer’iain compounds as inhibitors of
gut proteases.

‘Background Art

[0002] The following discusslon of the background art is intended to facilitate an
understanding af the present Invention only. The' discussion is not” an

'acknow[e'dgement or admission that any of the material. referred to is or was part
~ of the common general kno\}viedge as at the priority date of the application,

[0003] Peptides, “ahd in particular  polypeptides such as proteins, are.
inecreasingly becommg reoogmsed as desirable agents for the treatment of
diseases manrfestmg in the gut (gastrointestinal tract). Protein therapeutncs are
often based on natura[ products with a fong history of medicinal use, whlch have a
higher safety pmﬂe than small molecules that have been newly synthesised and
whose effects on the body are largely unknown. Also, protsins can exh'lbit ahigh

- degree of specificlty and selectivity, and at the same time can be designed fo take
“advantage of their large size to display multi-functionality, enabling them to intetact

concurreritly with two or more different targets.

[0004] Proteins with antioxidant activity, such as superoxide dismutase, are
examples of such therapeutic applications. Other examples . are monoclonal
antfbodies, which can act as anti-infectives by binding .to sites on Infectious:
organiems Invading the gut. Alternatively, such antibodies can bind to receptor
sites on intestinal cells, and interfere with adhesion processes and the colonisation
of Infectidus organisms. In addition, these antibodies can interact with dells of the
immune system to stimulate their activity In combating infectious diseases, Other
types of therapeutic peplides I_nctude peptide hormones, such as appelite
suppressing agents. ' '
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[000&]  One’important drawback to the use of peptides in the intestine is their
extreme sensitivity to gut proteases. These proteases can be found both in the
stomach {e.g. pepsin), and in the upper intestine, and have evolved to enable the
d'igestive tract to break down peptides ingested as food, by proteclysis, into amiﬂ'o

aclds which can be taken up as nutrients by receptdr—media}.:ad mechanisms.

[0006] If the intended site of action of a therapeutic or prophylaci{c 'pe;'ntide is the
small intestine, then the peplide can be protec:ted;from braakdawn in‘the stomach
by placing it inside an enteric-coated capsule, tablet or ather device which resists
dissolutlon at the low pH found in the stomach, but disintegrates at higher pH fo
refedse the peptide into the small intestine, &.g. the duodéhum, jejunum or ileurn.
However, the action of the proteases found in the small intastine (in particular the
serine proteases, trypsin, chymotrypsin, elastase and carboxypeptidase) is such
that they can rapidly break down and destroy. peptides ence they ha-ve heen
released from such a device. This Glearly limits the efficacy of orally administered
therapeutic peptides, and a means of preventing their degradation by proteases
would markedly enhance their performance. '

[0007] Although theré are many'r agenis acting as protease inhibitors that are

. known {o those skilled in the art, few, if any, are appropriéte for this particular

application. Most Known inhibitars, e.g. antipain, leupeptin, are used for research

purposes only, and are not acceptable for human-administration. Some inhibitors,

e.g diisopropyl fivorophosphate or phenylmethyl sulphony! fluoride have a high'
degres of potency, but display a very broad specificity, so there is a risk of thelr

exerting- their action in undesirable parts of the body, in addition to the gut. On the

ather hand, other inhibitars, such as the new class of protease inhibitors-employed
in the treatment of HIV, are 50 selective in the nature of the proteases they inhibit

.t_hat they have no’effect on serine proteases in'the gut. Two serine protease

inhibitors that have been administered to humaris are aprotinin and soybean

trypsin infiibitor. However, these are relatively expensive to synthesise, and would

have to be included in a medicament at such high levels that the cost of the final

produgct would proliiblt the manufacture of a medicament for rautine daily usé.
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[0008) The present invention seeks to address or at least ameliorate one or
ore the problems dssociated with prior ari devices.

Description of the invention

-[ODGQ] The inventors have discovered that ‘certain compounds, whose

interaction with gut proteases has never previously been recoghised, surprisingly,

inhibit gut proteases. This enables one to use them fo -protect peptides from

proteolysis {i.e. dégradaﬂon' by gut proteases). The compounds identified as

having -this activity are biguanides, .certain bile aclds and pharmaceutically
acceptable salts of these compounds.

[0010]  Accordingly, the present invention provides a compound for use as an
inhibitor of one or mare gut proteases, which compound is a bile acid, a biguanide
or a pharmaceutically acceptable salt of.a bile acid or biguanide, wherein said blle
acid is of formula (i)

{

1 2 % ' ) 4
wherein R , R and R are each c¢hosen from -H and -OH and R is chosen from -

1 2 3 4
OH and —NHOHECDzH, wherein fR and R are OHand R -is K, then R must be -
NHCHCO,H.

[0011] The mechanism by which the compounds of the invention inhibit gut
proteases is strucfure-specific, presumably the resulf of a direct binding interaction
between the compounds and receptor sites on the proteases. Evidence for this is
the fact that other bils acids such as cholic acid,. taurocholic acid and

taurodeoxycholic acld-do not have this inhibitory ‘effect (see Figures 5 and &)

Thus, although the inhibitory effest manifests ltself at ralatively high concenirations
of the bile acid, biguanide or derivative' thereaf, one can rule out non-specific
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routes of inhibition basad on e.g, surfactant Interactions or a change in pH. Under
the appropriate conditions, the inhibition of protease activity can be 100%.

[0012] - Inhibitory activity can be demonstrated using fluorogenic or chromogenic

. peptide substrates. Inhibitory effects have been observed with a range of different

peptide substrates, indicating that’ the effect Is not the result of a specmc
interaction between the pepﬂde substrate and the inhibitor,

[0013] As noted above, the compaunds of the present invention are for use as

. inhibitors of one or more gut proteases. Typically they inhibit all gut proteases, i.e.

they are for use in inhibiting gut proteases in general. The term “gut proteases”
refers to those proteases found in the gut, In this context, and In ali other contexts
where the word “gut’ is used In this specification, i means gastrointestinal tract,

" and preferably It means the small Intestina, such as the duodenum, igjunum or

fleum.

[0014] Thus, preferably the gut proteases are small mtestme proteases, i.e.
proteages found In the small Intestine. Preferably, the proteases are serine
proteases. Said serine proteases may be chosen from trypsin, chymotrypsin,
elastase, carboxypeptidase and aomb{néﬂons thereof. Typically, the compound of
the present. Invention is for usge in inhibiting the proteolysis of a pept:de typically in
the gut, by said one or more gut proteases

[0015] When the compound of the present invention is'a bile acid of formula (I

, - ; - 2 &

or a pharmaceuticaily acceptable salt thereof, preferably at leastone of R and R -
) 1 2 3

is =M. It is also preferred that at least one of R, R and R Is—OH. i is also

preferred that no more than two of R fo R are —OH. Typically the cornpound of
the present invention is a bile acid of formula (E) wherein

- at least one of R and. R_ {5 -H,
1 ' 2 3 ’
-atleastons of R, R and R is-CH, and

i 4
- ho more than two of R to R are -0H,
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or a pharmaceutically acceptable salt thereof. More preferably it is a bile acid or
salt chosen from chenodeoxycholic acid, deoxycholic acid, ursodeaxychalic acid,
glyenchenodeoxycholic. acid, glycodeoxycholic acld, glycocholic acid and their
pharmaceutically acceptable salts, More preferably it is chosen from
chenodeoxyeholic acid, deoxycholic acld and their bharmaéautica!!y acceptéble
salts. Most preférably, it is chenodeoxycholate or a pharmaceutically acceptable
salt thereof.

{0016] When pharmaceutically accepiahle salts of hile acids are referred fo, any
.appropriate pharmaceutically acceptable positively ché'ﬂ_'ged jon can be used.

Typicaly an alkall metal such as godium or potassium. is used. Altemative
counterions may be used, e.g. an ammonium ien, though this is' less preferred.
When the compound of the pé’esent invention Is a bile acid or pharmaceutically
acceptable salt thereof, the salt is usually used in preference to the acid, though
the same anionic species 1s formed in the gut in either case; whether the salt of its
conjugate acid is present depend;s oh the pH-of the medium.

[0017] When the compound of the present iﬁvention s a biguanide o a
pharmaceutically acceptable sa_xlt thereof, preferably the biguanide is of formula:

| N4 N
SN S
Rs'f - Iﬂf ’ -\R.ﬁ

' 5. 8 7 8 ° -
- wherein R, R, R and R are each independently chosen from hydrogen,
optionally substituted alkyl, optionally substituted -phenyi, ethylene glycol,

. . .5

diethylene glysol, trigthyléne glycol and tetraethylene glycol, except that one of R,
B 7 8 ‘

R,R and R may be

akylera—~——p—— O RH—— G —N
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whereln R, R and R are each independently chosen from hydrogen,
optionally substituted alkyl, opfiohally substituted phenyl, ethylene glycol,

diethylene glycol, triethylene glycol and tetraethylene glycol.

. {0018} Preferably, when the optionally substituted alkyl and phenyl groups are

substituted, 1 to 3 subsfituents are present arid the substituents are chosen from.
hale, hydroxy and amino. The alkyl and alkylene groups may be saturated or

. unsafurated, straight chain or branched, and preferably have from 1 to' 6 carbons,

The alkylene groups are typically saturated, and ara also typically straight chain.
Most preferably in this embodiment the biguanide is metformin, phenformin or
chlorhexidine or pharmaceUtically aocaptablé salts thereof. The phamaceutically
acceptéble salts are suitably the chloride, bromide, jodide or salts of organic acids
such as the acetats; propionats, mesylate {methyi sulphonajce) or g[ucuronaté.

[0019] The ébi!ity of the compounds of the invention 1o inhibit gut prbteasgas. and

in particular thelr ability to inhibit the proteclysis of peptides by gut proteases,

makes fhem particularly useful for co-administration with peptides with
prophylactic or therapeutic activity against a disease or condition where the target

-site for the peptide is the gut, é.g. a disease or condition of the gut or which

manifests itself in the gut. In this aspect of the invention the compounds of the

‘present invention may be r;.c:mibined with the peptide prior to administration, in a
_pharmaceutical composition.” Altematively, the compounds of ‘the  present

invention may be administered separately o the peptide, the proteolysis of which
is-to be inhibited, as long as both of them are at some point present in the gut such
that the inhibition of proteclysis has a protective benefit for the peptide.

f0020] The present invention alse provides a method of inhibiting one or more
gut proteases, which is typically a method of inhibiting the proteolysis of a peptide
(ti/pical-ly in the gut} by one or more gut profeases, which h‘le'thpd comprises:
administering to a subject a compound of the present Invention or &
phe;nnacedtical composition‘ of the present Invention.

[0021] Generally, the present invention is concerned with the freatment of
humans, e.qg. where “gut’ is. mentioned it typivally refers to the human gut,
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aithough in one aspect the invention concerns the treatment of non-human
animals. Accardingly the subject in whom the present invention may find-specific
utility includes, by way-of illustration: humans, mammals, companion animats and
birds.

[0022]  Accordingly, the present invention also provides a product containing (a)
a compound of the present invention as defined herein, and (b) a peptide, whersin
(a) and (b) are prepared for simultanecus, separate or sequential use in the
treatment or prevention of a d1sease or-condition, typically a disease or condition
of the gut.

[0023] In one aspect,' the present invention pro‘s'fides a pharmacesutical
composition comprising a compound of the present invention together with a -
peptide (the proteolysis of which is to be Inhibited by the compourd of fhe présent
Invention). Typically in this embodiment, the concentration of the compound of the '
prasent invention in the GOmposehon is at least 20mg/ml. General!y. it is 100mg/ml
or less. The concentration of the peptide obviously depends on the nature and

intended effect of the peptide and the age, size and medical background of the -
patient, '

[0024] When the ,corr}poﬁnd of ﬁ}&;preseﬂt invention as defined above is a bile
acld or a pharmaceutically. acceptable salt thereof, its concentration i the
composifion is preferably 20-100mg/ml, Further, the bile acid or pharmaceutically
acceptable salt thereof may be present in the composition In an amount of at least
50% by weight, preferably from 60 to 95% and mora preferably from 80 {o 90%.

'[0925] Another aspect of the invention provides a'phannaceutical composition

somprising:
(ij a peplide or polypeptide; and

(i a compound ‘chosen  from ursodeoxycholic  acid,
glycochenodeoxycholate, glycodeoxycholate, glycocholate and their
pharmaceutically acceptable salts,

wherein said compaund is present in the composition at a congentration of
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20 to 100 mgiml. Alithéugh the bile acids and thelr derivatives in, component
(i) are. known, they have not previously been used at the high
concentrations.

[0026] In yet another form, the invention resides in the use of: (i) a peptide or
polypeptide; and (il) a blle salt or pharmaceutically acceptable salt thereof, In the
manufacture of a medicament, wherein said bile salf or pharmaceutically
acceptable salt thereof is present.in the composition at a concentration of 20 to
100 mg/mi and thé composition is formulated for delivery through the intestinal

© tract.

[0027] In this form of the invention the bile —sait is preferabiy-' one or more of
ursodeoxycholic acid, glycochemdeoxycholate, glycodeoxycholate, glycocholate

and their pharmaceutically acceptable salts.

[00281 When the compound of the present invention as defined above is a’
biguanide' or a phammaceutically acceptable salt thereof, its concentration is
praferably 20—100m§/m¥. Fur‘_cher,‘ the biguanide or phﬁmaaeuticaﬂy acceptable
salt thereof may be present in the composition in an aﬁmunt of at least 50% by~ -
weight, preferably from 60 to 95% and more praferably from 80 to 90%.

[0029] Another aspect of the invention provides a phamaceutioél composition
comprising:

{)  apeptide or polypeptide; and

(i) a compound chosen from metformin, phenformin or chlorhexidine or
_ pharmaceutically acceptable saits thereof, ' '

wherein said compaund Is present in the composition at a concentration of
20 to 100 mg/ml,

[0030] !In yet another form, the Invention resides in the use of. (i) a peptide or
palypeptide; and (i} a biguanide or phamacegﬁcélly acceptable salt thereof, In the
manufacture of a medicament, wherein said biguanide or pharmaceutically
acceptable salt thereof is present in the composition at a concantration of 20 &
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100 ma/ml and the composltion Is fomiulated for delivery thrpugﬁ the intestinal
tract,

[0031] In this form of the invention the biguanide is preferably ane or maore of
metformin, phenformin or chiorhexidine or pharmaceutically acceptable salts |
thereof,

[0032] Usually, the pharmaceutical composition of the present invention is
suitable for oral administration. 'En this embodiment, fo successfully use a’
compound of thé invention to protect a pepﬁda against 'dégrat;iaticn by intestinal
proteases, it is desirable for the compound of the invention to be co-administered -
together with the peptide within a vehicle that allows passage across the stomach
intact. Such a vehicle may be & tablet, capsule, or pellet, coated, if necessary,
with-an enteric film that resists dissolution under those conditions found in the
stomach, but which Is able to break down and releass its contenis in the small
intestine. Where the invention is forrﬂulatéd asg tablets, they can be uncoated or.
coated by known techniques to delay dié.integrat%on and absorption in the intestinal
tract and thereby provide a sustained action ovet a longer period, For example, a.
time delay material such as glyceryl monostearate or glyceryl distearate may be-
employed.

[0033] Pharmaceutical compositions of the present invention that are sultable
for oral administration are preferably coated with an- enterio coating which
becomes pérmeabie' ata pH of from 3 to 7. More preferably the coating becomes
permeable at a pH. of 4 to 6.5 and most preferably 5 to 8. Suitable enteric cdatings

.. are known in the art. The compounds of the present invention are typically

25

30.

.fofmuiated with such. ar enteric coating.

-[0034] - A pharma;ceuﬂcai composition of the present invention .may coniprise

other standard pharmaceutical excipients ii_1 admixture, o provide a composition in
the form of a powder, a liquid, a gsl, a paste, a wax or a suspension, For instancs,
pharmaceutical excipients capable of enhancing dissolution of the compound of

the invention or-the peptide, or which act as antiuoxidants,. preservatives, glidants

(for example miagnesium stearate, stearic acid or talc), swelling agents,
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disintegrants (for exampls, com starc;h,- or alginic acid), binding agents, (fcif
example starch, gelatin or acadia) et¢ may also be included in pharmaceutical
compositions f::f the present Invention.

[0035] As used herein, the term peptide refers to an amide obtainable from two
or more amino carboxyiic acid molecules, which may be the same or different, by '
formation of a covalent bond from the carbonyl carbon of one to the nitrogen atorm

- .of another with formal loss of water. The amino acid molecules can be of the D- or

L- form. Typically, the peptides are obtaina_ble from a-amino acids, but they may
also. be obtainable from-non a-amino acids or & mixture of a- and non a-amino
acids. Preferably, the peptfdes ate obtainable from naturat amino acids. In one:

~ aspect the amino acids are ubtalnable or obtained by chemlcal y modrfymg natural
amino &cids after the peptrde has been synthesmed

. [0036] .{n one embodiment the peptides are polypeptides, i.e. peptides with 10 or
- more aming acid residues, In a prefemed aspect of this embodiment the

pqiypeptide is a protein. In another embodiment e peptide has 2 to 9 amind acid
residues.

[0037] Ilustrative peptides and polypeptides that have particufar apphcatton to
: the invention include such molecules as insulin; calclfonin; human serum. albumin;

growth hormone; growth hormone releasing factors; galanin; parathyroid hormone; .
peptide YY: oxyntorodulin; blood clotting proteins such ‘as Kinogen, prothombin,
fibrinogen, Factor VI, Factor VIl of Factor 1X; erythropoemns and EPO mimetics;
colony stimulating -factors Including GCSF and GMGCSF; platelet-derived growth -
factors; .epidermal growth factors; fibroblast growth factors; transforming grawth

. factors; GL.P-I, GLP-2; exendin; lepting GAG: cytokings; insulin-like growth factors;

bone- and cartilage-inducing factars; neurotrophic factors; interleuking including IL-
| 112, I3, 14, IL-5, IL-6, IL-7, L8, IL-9, IL-10, IL=11, IL-12; interferons incliding
Interferon gamma, interferon -la interferan alphas; TNF alpha; TNF beta; TGF-
beta; oholera toxin A and B fragments; E. coli entgrofoxin A and B fragmen’rs,
sacreting enzymes including histone deacetylase, suparoxide dismutase, catalase,
adenosine deaminase, thymidine kinase, cytosine deaminase, proteases, l|pases,
carbohydrases, nucleotidases, polymerases, kinases and phosphatases; trapsport
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or binding proteins especially those which bind and/for transport a vitamin, metal

-ion, amlno acid, or fipid or lipoprotein such as cholesterol ester transfer protein,

phosphoiipid- transfer pratein, HDL binding protein; connective tissue proteins such
as a collagen, elastin or fibronectin; 8 muscle profein such as actin, myosin,
dystrophin, or mini-dystrophin; a neuronal, liver, cardiac, or adipocyte protein; a
cytotoxic protein; a cytochrome; & protein which is able to cause replication,
grawth or differenitiation of cells; a signalling mofecule such as an intra-cellular
signalling protein or an extracelluiar signalling protein (eg hormone); truphic;
factors such as BDNF, CNTFENGF, IGF, GMF, aFGF, bFGF, VEGF, NT3, T3 and

'HARP; apolipoproteins; antibody molecules; receptors in soluble form such as T-

cell receptors and receptors for cytokines, interferons or chemokines; proteins or
peptides containing antigenic epltopes and fragments; and. derivatives, 'cénjugates

g and sequerice variants of any of the above. These and ofher proteins may be -

derived from hurﬁan plant, animal, bacterial. or fungal sources, and extracted
either from naiural sources, prepared as recombinants by farmentatlon or -
chemically synthesised '

[0038] As the .compounds of the present, invention " inhibit proteslysis, which
involves the breaking down of péptlde bonds, they may be used fo inhibit the
proteolysis of any pepﬁde.' Preferably the peptide is one that is capable of having
a beneficial effect when placed. in the gut. The beneficial effect may be, for

exarmple, therapeutic, cosmetic or preventative such 'as prophylactic or

contraceptwe “The peptade can be of natural (biological), synthetic or semi-
synthetic. angm

[0038] Typ;caliy the peptide Is for use in the prb;ﬁhyiéxis or tfeatment of a

_disease or condition of the gut or which manifests Hzelf in 'rhe gut. Thus, the

peptide could be for use in the treatment of Crohn's disease, aor an infection of the
gut or part of the gut, e.g. it could be a peptidic antiblotic. In one aspect the
peptide cou!d be a cyclic peptide. Such cyslic peptides could be used in cancer or
inflammatory diseases of the intestine such as Crohn's. disease, inﬂ'ammamry
bowel .diseas.e and the like. As wili be appreciated though, the present inventlen
works with all peptides so thére is no limit on the type of peptide to be-used,
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[0040] Cyc!ic peptides are known in the art to have a conformation which is
mote constrained than linear peptides. The freedom of movement of the ends of
the peptide is limited in a cyclic peptide because they have been anchored

'together chemically. In a form of the invention, the peptide employed in the

invention is a cyclic peptide havlij:g a ring of at least six amino acids, wherein the
ring comprises a plurality of amine acid domains, wherein each domain comprising
at least two epitope-forming amine acids, and two or more associating functional

. groups. The amino acids employed in the oyclic peptide can be any of the natural

amino aclds, substituted derivatives, analogues, and L or D forms thersof.

{0041] Cyclic peptides of the type are described in detail in patent specification
PCT/GB2007/003592 are preferably selected for use in this invention. The
content and specific disciosure in patent specification PCT/GB2007/003542 is

- incomorated herein by reference.

[0042] Pharmaceutical compositions of the present invention may be made by
preparation of a substantially anhydrous mixture containing the peptide and the
sompound of the present invention. Depending on the desired formulation of the
composition it may 'then be appropriate to fill uncoafed capsulas with the mixture
and then coat the capsules with an ‘appropriate polymer rﬁixtufe to achieve
particular permeability properties. Depending on the natur'e of additional excipients

" employed, the pharmaceutical composition of the Invention may be in liquid, solid,
-semi-solld or gel form.

General

j0043] Thaose skilled In the art will appreciate that the invention described herein -
is susceptible fo -variations and modifications other than those specifically
described. The inventlon. Includes all such variafion and modifications, The

" Invention also includes all of the steps and features referreéi_ to or indicated in the

specification, individually or'cc;llectiveiy and any and all combinations or any fwo or
mare of the steps or features, '

[0044] Throughout this specification, unless the context requires otherwise, the
word “comprise” or variations such as "comprises® or “comprising”, will be
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understood to imply the inclusion of a stated integer or group of integers but not
the exclusion of any other integer or group of integers. It is also noted that in this
disciosure and particularly in the claims andfor paragrapﬁs, terms such as"
‘comprises”, “comprised”, "Mmprisihg" and the like can have the ‘meaning .
attributed fo It in U.8. Patent law; eg., they can mean “inciudes”, “included’,
‘including’, and the like; and that terms such as “consisting essentially of’ and
“consists essentially of” have the meaning ascribed to them in U.S. Patent law,
e:g., they allow for elements not explicitly recited, but exclude elements that are
found in the prior art or that aifect a basic of novel characteristic of thie invention.

[0045] Furthermore, throughiout the specification’ and claims, unless the context
requires otherwise, the word ‘include” or variations such as “Includes” or
“inciuding”, will be understood fo imply the inclusion of a stated integer or graup of
integiers but not the exclusion of any other integer or group of Integers. '

'[00468]  Other definitions for selected terms u‘se'd fietein may be found within the

description of the invention and apply throughout. Unless otherwise defined, all
other technical terms used herein have the same meaning as commonly
understood to one of ordinary skill In the art 1o which the invention belongs.

Brief Description of the Drawings

[0047} Aspects of the invention will now be described, by way of example only,
with reference fo {he following description and figures.

[0048] Figure 1 illustrates the inhibition of trypsm by chenodeoxychclate ina
timg course reaction where the peptide substrate Is Z-L-Arg 7-amndo-4-
methylcoumarin HCI Chenodeoxycho[ate at 100mg/mi.

[0048] Figuwe 2 iilustrat&s inhibition of irypsih activity by chenodeoxycholate. A '
dose-response curve is presented for the peptide substrate - Z-L-Arg 7-amido-4-
methyleoumarin HCI wherein the incubation time | s 20 mlnutes

[0050] Figure 3 illustrates the inhibition of chymotrypsin by chenodeoxycholate
in & time course reaction where the peptide substrate is glutaryl -L-phenylalanine
4-methyl-7-coumarinylamide chenadeoxycholate at a concentration of 100mg/mi.
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[0051] Figure' 4 . ilustrates inhibiton of chymotrypsin  activity by
chenodeoxycholate. A dose response curve is presented for the peptide substrate
- glutaryl —-phenylalanine 4-methyl-7-coumarinylamide, over an incubation time
6f 20 minutes. | . .

: [6052] Figure 5 ilustrates inhibition of trypsin by deokycholate in a fime course

reaction where ihe peptide‘ substrate 1s Z-L-Arg 7-amido-4-methyicoumarin HCI -
Deoxycholate at a poncentraﬁbn of 26mg/ml.

[0053]  Figure 8 illustrates-inhibition of chymotrypsin by deoxycholate in a time

‘course reaction where the peptide substrate is glutaryl -L-phenylalanine 4-methyl-

7-coumarinylamide bile salt at a concentration of 26mg/mi.

.{0084]  Figury 7 iliustrates inhibition of trypsin ac:tivity hy ursodeoxychblate'in a

time c:ourse reaction where the peptide substrate is Z-L-Arg T-am|do-4-' '

'methylcoumann HCH Bile salt ata concentratron of Z6mg/ml.

- [0055] Figure 8 illustrates inhibition of frypsin activity by ursodeoxycholate, A

dose response curve is presented for the peptide substrate Z-L-Arg 7-amido-4-

_methyleoumarin HCI with an incubation time — 20 minutes.

[0056] ?igure 9 iiiustrates inhibition of trypsin ac:tivity by glycodeoxychblate ina
time course reaction wherein ‘the peptide substrate s Z-l-Arg 7~amldo 4-
methylcoumann HCI Bile sait at a concentration of 28mg/mi.

[0057] Figure 10 ilustrates  inhibiion - of tryps:n activity by’
glycochenodeoxycho[ate in a time course reaction where the peptide substrate is
Z—L—Arg T-amsdo-é-methylcoumann HC! and the incubation time is 20 mitwtes. '

. [0058)  Figure 11 illustrates inhibition of trypsin activity by glycocholate in a time

course reaction where the peptide substrate is Z-L-Arg 7~amido-4-meihy[ccumarin
HCl and the Incubation time is 20 minutes. '

[00581. Figure 12 illustrates inhibition of chymotrypsin  activity by
chenodeoxycholate in é time course reaction where the peptide substrate Is Bog-
fi-benzyl-Asp-Pro-Arg-7-amido-4-methylcoumarin HC! and the Incubation time is
20 miﬁutes.
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[0060] Figure 13 illustrates inhibition of thrombin aclivity by chenodeoxycholate
in a time course reaction where the peptide substrate is N-Benzoyl-Phe-Val-Arg-p-
nitroanilids hydrachioride and the Incubation time Is 20 minutes.

[00B1] Figufe 14 illustrates inhibition of thrombin activity by deoxycholate in a
time-course reaction where the peplide substrate is N-Benzoyl-Phe-Val-Arg-p-
nitroanilide hydrodh[oride and the Incubation time is 20 minhutes,

[0062] Figure 15 illustrates the inhibition of trypsin activity by metformin in a time
course reaction where the peptide substrate is Z-L-Arg. 7-amido-4-methylcoumarin
HCI and the incubiation time fs 20 minutes..

[0063] Figure 16 illustrates inhibition of trypsin activity by pherformin in a time
course reaclion where the pepfide substrate Is Z-L-arginine 4-methyl-7-
coumarinylamide and the incubation time is 20 minutes.

Iustrative Embodiments of tﬁe Invention

[0064] The following Examples setve to illustrate the present invention, and
should not be construed as limiting. In Examples 1-9, 12 and 13 the progress of

‘the enzymatic reaction was assessed by measuring the appearanoe of r‘eactfon

product (amino-4methyl coumarin) fluorimetrically using an excitatior waveiength
of 365nm, and an emission wavelength- of 440mm (cut-eff 4350m) on a

_ Spectramax Gemini XS machine from Molecular Devices.

Example 1 ’

) [0065] ‘i‘rypsin from bovine pancreas, was dissolved in Hanka Balanced Salt

Solytion (HBSS) at a concentration of 0.02 mg/ml. The substrate Z-L L-arginine 4-
methyl-7Tcoumarinylamide was dissolved in HBSS at a concentration of 0.01mg/mi,

~and sodium .ghenodeoxycﬁolate was dissolved at a range of concentrations

starting at 100mg/ml. The assay was conducted in the wells of 96-well bilack
plastic microplates, in which 20: of shzyme solution and 60 of bile salt were
niixed together, and then 20:! of substrate was added, with mixing, at the start of
the reaction,'which proceeded at room temperature for up to 30 minutes, with
measurement at various interrriédiaté time polnts. Inhibition of enzyme activity by
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chenodeoxycholate over time is shown In Figure 1, and a dose response curve
with-chenodeoxycholate at different concentrations is shown In Figure 2.

Example 2

[0066] Example 1 was repeated but with chymotrypsin as the protease (instead
of trypsin) and with glutaryl-L-phenyialanine 4«methyl-7-c§umarinylamida as the.
substrate.

'[00.67} lnh'i!_oifion of enzyime activity by chenodeoxycholate over time is shown in.

Figure 3, and a dose response curve with chenodeoxycholate at different
concentrations is shown in Figure 4.

Example 3

[0088] Example 1 was repeated but with sodium deoxycholate instead of
sodium chenodeoxycholate, Inhibition of enzyme activity by deoxycholate over
time is shown in Figure 5. Figure .5 also includes resulfs for when cholate, .
taurocholate and taurédaaxychoiate'were uséd instead of dedxychofate‘ showing
that these three compounds do not infibit trypsin.

Example 4

[0069] Example 2 was repeated but with sodium deoxycholate Instead of

- sodium chenodeoxycholate. - inhibition of enzyme activity by deoxycholate over
time is shown in Figure 8. Figure 6 also includes results for when cholate and
. faurocholate were used instead of deoxycholate, showing that these two

compounds do not inhibit chymotrypsin.
Example 5

[0070] Trypsin, from bovine pancreas, was dissolved in HBSS. at a
conceftration of 0.02. mg/ml. The substrate Z-l-arginine 4-methyl-7-

'coumarinylam'ide was dissolved in HBSS at a concentration of 0.01mg/mi, and
" sodium ursodeoxycholate was dissolved at a range of concentrations starting at

50mg/ml. The assay was conducted in the welis of 96-well black plastic
microplates, in which 20t of enzyme solution and 100: of bile sall were mixed
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together, and then 20: of subsirate was added, with mixing, at the start of the

réaction, which proceeded at 3?00 for up fo 30 r-'ninutes,'with meaéurement at
various intermediate time points. inhibiion of enzyme activity by
ursodeoxycholate over time is shown in Figure 7, and a dose response curve with
ursodeoxycholate at different concéntraﬁo_ns is shown In Figure 8,

Example 6

[0071]  Trypsin, from bovine pancreas,” was dissolved in HBSS at a
concentration of Q.02 mg/ml. The substrate Z-L-arginine  4-methyl-7-

“coumarinylamide was dissolved in HBSS at a concenfration of 0.01mg/mi, and

sodlum glycadeoxycholate was dissolved at a range of concentratidns starting at
100mg/ml, The assay was conducted in the WBJIS of 96-well Black plastic -
microplates, in which 20:1 of enzyme solution and 100:1 of bile salt were mixed
together, and then 20:l of substrate was added, with mixing, at the start of the

. . o

reaction, which proceeded at 37 C for up to 30 minutes, with measurement at
various  intermediate  time poiﬁts. mhibition - of enzyme activity . by
glycodeoxycholate over time is shown In Figure 9.

- Example 7

[0072] Example 5 was repeated but with sodium glycochenodsoxycholate

instead  of sodium ursodeoxycholate. Inhibition of enzyme activity by |
glycochenadeoxycholate over time is shown in Figure 10.

Example 8

[0073] Example 6 was repeated but with sodium glycocholate instead of sodium
glycodeoxycholate. Inhibition of ehzyme activity by glycocholate over time is
shown in Figure 11.

Example 2

[0074] Chymotrypsin, ‘from bovine plasma, was dissolved in HRSS at a
concentration of 0.02 mg/ml. The silbstrate.'Boc—&-benzyl-Aap-F’m-Arg—?-a'mido-4-

- methylcoumarin was dissolved in HBSS at a concentration of 0.01mg/mi, and
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sodfum' chenadeoxycholate was dissolved at 100mg/ml. The assay was conducted
in the wells of 86-well clear plastic mic:roplatés, in which 20:1 of enzyme solution
and 60:1 of bile salt were mixed tagether, and then 20:! of substrate was added,

with mixing, at the start of the reaction, which proceeded at 3700 for-up to 30

minutes, with measurement at varous intermediate time points. inhibition of
enzyme activity by chenodeoxycholate over time is shown in Figure 12,

Example 10

[0075] -Thrombin, from. bovine plasma, was dissolved in HBSS at a

- cohcentration of 0.5 mg/ml. The substrate N-Benzoyl-Phe-Val-Arg-p-nitroanitide

hydrochloride was dissolved in HBSS at a concentration of 0.5mg/ml, and sodium
chenodeoxycholate was dissolved at a range of concentrations starting at

"100mg/ml. The assay was conducted in the wells of 96-well clear plastic

microplates, in which 50:1 of enzyme solution and 100:1 of bile salt were mixed

together, and then 50:1 of substrate was added, with mixing, at the start of the

‘reaction, which proceeded at 37°C for up to 30 minutés; with measurement at

various intermediate time points. The progress of the enzymatic reaction was.
dssessed by measuring the appearance of reaction product (p-nifroaniiine)
colorimetrically using a wavelength of 406nm on an Anthos reader 2001 from
Anthos Labtec Instruments. Inhibition of enzyme activity by chenodeoxycholate
over time is shown in Figure 13.

Example 11

[0076] Example 10 was repeated but with sodium deoxycholate ihstead of
sadium chenodeoxycholate. inhibition of énzyme activity by deoxycholate over
time Is shown in Figure 14, '

Example 12

[0077] Example 9 was repeated but with trypsin (instead of chyniotwpsin) from
bovine plasina, Z-L-arginine 4-methyl-7-coumarinylamide as the substrate and
metformin as the Inhibitor, Inhibition of enzyme activity by rmetformin over time is
shown in Figure 15. ‘
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Example 13

[0078]  Trypsin, from bovine pancress, was digsolved in HBSS at a

concentration  of 0.02 mgiml. The substrate Z--arginine  4-methyl-7-
coumarinylamide was dissclved in HBSS at a condentration of 0.01mg/mi, and -
phenformin was dissolved at 100mg/mi. The assay was conducted in the wells of
96-we!l black plastic microplates, in which 20:1 of enzyme' solution and 100:1 of
bile salt were mixed together, and then 20:1 of substrate was added, with mixing,

at the start of the reaction, which proceeded at STDC for up fo 30 minutes, with
measurement af various intermediate time points. Irihibition of enzyme activity. by

' phenformin aver tlme is shown in Figure 16,

[0079]  Modifications and variations _such.'as would be apparent to a skilled
addressee are deemed to be within the scope of the present invention.
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The Claims Defining the Invention are as Follows:

1. A compound when used as an inhibitor of the degradation of one or more
peptide(s) or polypeptide(s) by one or more gut protease(s), wherein said
compound is a bile acid, or a pharmaceutically acceptable salt of a bile acid
and wherein said bile acid is selected from the group consisting of:
chenodeoxycholio acid, ursodeoxycholic acid, glycodeoxycholic acid,
glycochenodeoxycholic acid, or pharmaceutically acceptable salts of these

compounds.

2. A compound when used for inhibition of one or more gut proteases, wherein
said compound is a biguanide or a pharmaceutically acceptable salt of a

biguanide.

3. A compound of claim 2 wherein the biguanide or a pharmaceutically
acceptable salt thereof, is of the following formula:

I

_ ﬁ“
YL

S Ne——CmmNH
Rlﬁ/

R7
\Q/,’

wherein R°, R®, R” and R® are each independently chosen from hydrogen,
optionally substituted alkyl, optionally substituted phenyl, ethylene glycol,
diethylene glycol, triethylene glycol and tetraethylene glycol, wherein one of R®,

R® R’ or R® must be
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wherein R, R and R" are each independently chosen from hydrogen,
optionally substituted alkyl, optionally substituted phenyl, ethylene glycol,
diethylene glycol, triethylene glycol and tetraethylene glycol.

. The compound of claim 2 wherein the biguanide is metformin, phenformin or

chlorhexidine or pharmaceutically acceptable salts thereof.

. A pharmaceutical composition when used in the simultaneous or sequential
delivery to a subject wherein the pharmaceutical composition contains: (a) a
compound according to anyone of claims 1 to 4, and (b) a peptide or
polypeptide, wherein said peptide or polypeptide is for placing in the gut in the
treatment of a disease or condition affecting the subject, or in preventing a
disease or condition affecting thé subject, and wherein said compound is an
inhibitor of the degradation of said peptide or polypeptide by one or more gut

proteases.

. A product when used in the simultanecus or sequential delivery to a subject
wherein the product contains: (a) a compound according to anyone of claims 1
to 4, and (b) a peptide or polypeptide, wherein said peptide or polypeptide is
for placing in the gut in the treatment of a disease or condition affecting the
subject, or in preventing a disease or condition affecting the subject, and
wherein said compound is an inhibitor of the degradation of said peptide or

polypeptide by one or more gut proteases.

. The pharmaceutical composition according to claim 5 or the product according

to claim 6 wherein the disease or condition affects the gut of the subject.

. The product or pharmaceutical composition according to claim 7 wherein the

compound is present in a concentration of about 20 to 100 mg/ml.

. The product or pharmaceutical composition according to claim 7 wherein the

compound is present in an amount of at least 50% by weight.

10.The product or pharmaceutical composition according to claim 7 wherein the

compound is present in an amount of at least from 60 to 95%.
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11.The product or pharmaceutical composition according to claim 7 wherein the

compound is present in an amount of at least from 80 to 90%.

12.The product or pharmaceutical composition according to claim 7 wherein the
compound is chosen from chenodeoxycholio acid, ursodeoxycholic acid,
glycochenodeoxycholic acid, or pharmaceutically acceptable salt of these

compounds.

13.The product or pharmaceutical composition according to claim 7 wherein the
compound is chosen from metformin, phenformin or chlorhexidine or

pharmaceutically acceptable salts thereof.

14. The product or pharmaceutical composition according to claim 7 wherein the

peptide is a cyclic peptide.

15.Use of: (i) a peptide or polypeptide; and (ii) a bile salt or pharmaceutically
acceptable salt thereof according to claim 1, in the manufacture of a
medicament, wherein said bile salt or pharmaceutically acceptable salt thereof
is present in the medicament at a concentration of 20 to 100 mg/ml and the
medicament is formulated to deliver the peptide to the intestinal tract, wherein
the bile salt or pharmaceutically acceptable salt thereof is an inhibitor of the
degradation of one or more peptide(s) or polypeptide(s) by one or more gut

protease(s).

16.The use according fo claim 15 wherein the bile salt is selected from one or
more of chenodeoxycholic acid, ursodeoxycholic acid, glycochenodeoxycholic

acid, or pharmaceutically acceptable salt of these compounds.

17.Use of: (i) a peptide or polypeptide; and (ii) a biguanide or pharmaceutically
acceptable salt thereof according to any one of claims 2-4, in the manufacture
of a medicament, wherein said biguanide or pharmaceutically acceptable salt
thereof is present in the medicament at a concentration of 20 to 100 mg/mi and
the medicament is formulated to deliver the peptide to the intestinal fract,

wherein the biguanide or pharmaceutically acceptable salt thereof is an
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inhibitor of the degradation of one or more peptide(s) or polypeptide(s) by one

or more gut protease(s).

18. The use according to claim 17 wherein the biguanide is preferably one or more
of metformin, phenformin or chlorhexidine or pharmaceutically acceptable salts

thereof.

19.The use according to claim 15 or 17 wherein the peptide is a cyclic peptide.



