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heart failure. However, these are late stage programs which, while they may curtail
admissions in patients with established severe disease, do not address underlying
mechanisms. Thus there is a substantial need to reduce or prevent admissions and
especially to prevent and/or reverse myocardial fibrosis and its progression, ultimately to
the end stage.

The pathologic basis underlying congestive cardiac failure is the development of
myocardial fibrosis. This commences as perivascular fibrosis and then extends into the
interstitium, becoming more generalised, and resulting in diastolic dysfunction and/or
eventually, overt heart failure. There have been numerous studies on humans and
animals and these have suggested various factors relevant to myocardial fibrosis,
including genetic predisposition, ischaemic heart disease, hypertension, nitric oxide

deficiency, oxidative stress, dietary salt intake and various other factors.
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a study of the effect of low, internediate

sodiumdiets fed to rats, the degree of nyocardia
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In the study referred to above (Experimental Physiology (2002) 87.5, 529-546),

the experiments were conducted on hearts removed from rats treated with sodium diets.
This in vitro study found that there was a significant correlation between decreasing
myocardial VIP concentration and increasing degree of myocardial fibrosis in the heart.
This suggested that VIP depletion in the heart may play a role in the development of

fibrosis.
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As well as carriers, the pharnmaceutical corposition
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anti - oxi dants, for exanp e compositions ©
pharmaceutical composmon of the invention may include other ingredients, mcludmg

dyes, preservatives, buffers and anti-oxidants, for example. The compositions of the
present invention may also include other active agents useful in the treatment of
cardiovascular conditions.

The pharmaceutical composition of the invention may take any suitable form, but
is preferably suitable for administration by intravenous, intramuscular or subcuticular
injection while active VIP fragments may be suitable for oral administration. However,
if appropriately formulated, VIP may also be administered orally, Other methods of
administration such as patches, snuffs, nasal sprays and the like will be clear to those

skilled in the art.
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According to a fifth aspect the invention provides a2 method of reducing the levels,
inhibiting or reducing the production, of pro-fibrotic mediators in a subject, the method
including administering to the subject a composition according to the invention.

According to a sixth aspect the invention provides a method of elevating the VIP
content of the cardiac muscle in a subject with myocardial fibrosis or a related condition,
or a subject at risk of developing myocardial fibrosis or an associated condition,

including administering to the subject a composition according to the invention.
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Figure 1: Levels of myocardial fibrosis in a number of models of myocardial fibrosis
(left hand panel). Right hand panel shows difference between mean myocardial VIP
concentrations in the four models after a one hour infusion of VIP or vehicle. The
difference between the mean myocardial VIP concentration after VIP or vehicle infusion
represents a measure of VIP uptake by the myocardium. As fibrosis worsens the amount
of VIP taken up by the heart increases.

Figure 2: Myocardial fibrosis index in WKY rats after 4 weeks on a high salt diet and

either VIP or vehicle Control infusion.
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dose of Spmol/kg/min for 4 weeks intravenously.
25 DESCRIPTION OF THE PREFERRED EMBODIMENT

It has now been found, quite surprisingly in view of the negative indications, that
VIP is useful and important as a therapeutic agent to reverse or delay onset of
myocardial fibrosis, or prevent onset of fibrosis in subjects at risk of developing
myocardial fibrosis. Thus, VIP is also useful in the treatment of congestive cardiac
30 failure.
The use of the pharmaceutical compositions of the invention in the treatment of

myocardial fibrosis or associated conditions represents a new class of therapeutic agent
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Synthesis Receptors

In the normal heart VIP is not taken up by the myocardium. However, in acute
infusion studies the present inventors have found that uptake of VIP by the myocardium
is more avid with increasing degrees of fibrosis suggesting the potential for VIP as a
reparative agent.

The present studies have shown that certain VIP fragments have biological
activities similar to those of the whole VIP molecule and may be better suited for
pharmaceutical formulations due to their smaller size, greater stability and ease of
manufacture. Particularly useful fragments are VIP(1-12) and VIP(6-28). It will be
understood that the present invention also encompasses within its scope certain
analogues of VIP which are based on conservative substitution of one or more amino
acids of VIP with amino acids which do not alter the VIP biological activities. Such

substitutions would be well known to those skilled in the art and would not require more
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trial-and-error using well established techniques.
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Further, the compositions of the present invention may be used prophylactically in
subjects at risk of developing myocardial fibrosis or an associated condition. As an
example of subjects in the risk category are those having hypertension, diabetes,
myocarditis, ischasmic heart disease, drugs such as daunorubicin and others which are
used in cancer chemotherapy, genetic predisposition, other conditions such as Conn's

Syndrome and Phaeochromocytoma, high sait diet and the like. The term “prophylactic”
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" Exanple 1- Prelimnary studies. In
prelimnary studies a series of acute infusion

experi ments have been cEXBEBIMENTAL ani mal nodel s.
These showed that the higher the level of fibrosis,

t B riMiS AL PheliniBare Srutial 2ke of VIP by the heart fromthe
plasma of the treated animals.

In preliminary studies a series of acute infusion experiments have been conducted

in animal models. These showed that the higher the level of fibrosis, the greater the
25 uptake of VIP by the heart from the plasma of the treated animals.

Further preliminary experiments have been conducted on a number of animal
models, which encompass a range of fibrous tissue replacement, varying from mild to
moderate to severe. The experiments on the animal models encompassed a variety of
aetiologies {alone and in combination) and a range of levels of induced fibrosis.

30 For these experiments two types of rats were used, spontaneously hypertensive rats
(SHR) and normotensive control Wistar-Kyoto rats (WKY). The WKY rats were given:
1) low salt diet, 2) high salt diet, or 3) L-NAME (@-monomethyi-nitro - L-
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Example 3. — Effect of VIP infusion on fibrosis in animal models of fibrosis

Three animal models of myocardial fibrosis were used (animals obtained from
25  Australian Animal Resources, Perth, Western Australia, Australia)
i) WXKY rat fed a high salt diet
i) WKY rat fed a high salt diet and given L-NAME (®-monomethyl-nitro-L-
arginine, Sigma Chemical Co.) 10 mg/kg/day in the drinking water
iif) WKY rats with diabetes induced by streptozotocin injection 60 mg/kg
30 In each model the rats were randomised to VIP (H-His-Ser-Asp-Ala-Val-Phe-
Thr-Asp-Asn-Tyr-Thr-Arg-Leu-Arg-Lys-Gln-Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser-




Exanple 3. - Effect of VIP infusion on fibrosis in
ani mal nodels of fibrosis Three ani mal nodel s of
myocardi al fibrosis were used (animal s obtained from
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A significant improvement was found in the hearts of the treated rats in that the
myocardial fibrosis index was significantly lower in the treated rats compared to the

control groups (Figures 2 and 3).
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Example 5 - Effect of VIP Fragments on Mvocardial Fibrosis

To determine whether smaller VIP related peptides had any of the biological
activities of the complete VIP molecule, particularly in reducing myocardial fibrosts, the
degree of myocardial fibrosis after treatment with VIP(1-12) at Spmol/kg/min and VIP
(6-28) at Spmol/kg/min for 4 weeks via Alzet minipump was compared with the
complete VIP (Spmol/kg/min) and vehicle control. The VIP fragments were purchased
from Auspep (Melbourne, Australia).




Measurenent of nyocardial content of VIP in the above
ani mal nodels shows a clear association between the
degree of fibrosis and uptake of exogenous VIP (see
[ A and 7B) Exanple 5 - Effect of VIR Fra

Wg %ocar dial Fibrosis 25 To deternmine \,\hetlﬁér{“?ﬁ%ﬁ"qﬂgﬁﬁ
VI P rel ated peptides had any of the biological
activities of the conplete ViR-nol ecule, particularly
in reduci ng nyocardial fibrosis, the degree of
my ocarByietly, 14 Weeksdls WalY edts were @biBizhcedioh il sBX areias) dedéribed

5pmpl / kg/ mn and VIP . (6-28 rml/kg/m
mgaéh&r 5 g%y Ndf’évfenh‘i’ﬂ?i“‘b‘u‘snﬁ‘ éﬂﬁ%ﬂﬂfg%tdmwwwp Wemﬁsm of VIP
b&beveHlch:. (Rraiwekiay/thd Als Wt ay2hh&lsed, SR Heh@é harddied and

fr aqrrent s were purchased 30 from Auspep
( m?%u fibrosm pugntiatpdgn Mpgsop Frshrome sepsions using Image Pro Plus

5 P@I{sr%H%Q@§6é}9é?é§5 Boﬂﬂ’é'm?i mf)fdnbl VI 2’828&&%%1 t}j’;\‘é%ér@é Sf

were comenced on hig di et escri

emypqagdial fipresis qgm&rﬁdeﬁh velp@lp gentad. VEXE112) wes approximately 1/3 as
t
B G L o P
thwltseﬁﬂlew $hadissest ed and nyocar d| al fibrosis

tit T h Ll
N A e e
10 \/iplﬁél@ntZS))nd sldllelds dat aﬁh@oﬂ&gﬂﬁg ttﬁé disolysaearAlidbgh the caysdcBy to

%F ﬁ?ﬁ%ggﬁl{} h\j/_lie gﬁpgé\%dgom {gfnilt (hg/fu%ye%%éa'agg@tensm converting

Vén?ﬁnﬁe (Z&)IEy\iﬁBlba@'s efd zﬁ@idté:ﬁ@m&éce}yﬂopbloateﬁgl a€welBad the #ddlisation
show results of %ﬁ)é tudi es. The inportance of

t et é@@ﬂﬁ AR 9 O 18 IR} oNgOIe 1p dater stage disease,
I mlﬁﬂmhéﬂlﬁmw&@tpr&ﬁrﬁaﬁ of {ﬁe 1ﬁv%gtldrﬂ whief a8 ko PR the
readi ng this disclosure. Al though the capaC|ty to
15 tpregressiograd ithecinder ing lesiomidibrasis).ov evengrpnterfibecsin; hes tap eapacity
tBPraeMaR e££latﬁ§ﬁ%f%ﬁ@§§&e&%§é§§ aenag @ft@{m&a&ﬁﬁ?}eq ce the
i nhi bitors and angi ot ensi n receptor o ers q
dwaltheare ballesat i on  t hat al dost erone ant agoni sts and
bet a bl ' ase
Che add: B e P En S Foddinedls 86 HEPR 6} BF°0
| quupositiom mefiitidehd asstof titednyeneoreartd thitehekd angmothireths i lsmpe @f the
20 Hhe gnderlylng | esion (fibrosis), or even reverse
5708 s, has the capacity to prevent the escal ation
of mld to severe di sease and hence to substantially
reduce the health care burden. It is to be
appreci ated that other enbodi nents are avail able for
the conposition, method and use of the invention and
that these are within the scope of the




20 invention. PCT/ AU2005/ 000835 -15- Received 31 My

2006 CLAIMS: 1 . Method of therapeutic treatnent of

myocardi al fibrosis or an associated condition i n a

subj ect, the nmethod conprising 5 adm nisterin

subj ect with myocardial fibrosis or an assomg G’*UZOOS/OOO%S

condi tion, a conposition Tbhprising one or elqu3lMay2006

vasoactive intestinal peptide (VIP) and active
ciLAIvsyent (s) thereof, optionally in conbination with a

pharmaceutically acceptable carrier. 2. Method of

0152 bEfhed of hERRER, ynun e REF i bBrald RbRElTdy o7
c onpr i skswriatad somiiidrein amgulject the sethpd comyrrisings k  of
5 ng 3: ? i%gﬁ%.%%? rgqa]%) %lsug;#%f Qith ?nyo%%m?él ﬂ?a?c?é?&b?‘éﬁ gs?omated

I 1 conprisi ng one
vasoac tbn@itid;mtmﬂmtﬂltnqmemmmlr(g\ﬁbm oamdreaoi vase!active

phar naRtTInELPrR A RN 843 o briGE R, BBl P

accord chﬁlbir@atlﬁh W:tmalptmﬂrﬁcaumafﬂy awbartabla dalmieract i ve

fra ment 4. A _net hod
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rout e SEMEUEEENG FDiReHeIgsH SEBS‘%%fa pﬂt? igyocyial nbrosts
i ntr aV%?%H%ssb&étéé%ﬁ&Mbﬁra c@ﬁbé@ibd)rwcbrﬁpnﬁﬁgl onedr mdt're of
A met hod according to cla wherejn the s @4? a}I
ri sk oﬂasm@ﬁweﬂ@ahp@@amv&?) RHRGYPJragmeri(s) fhered

associ afg Qnﬁﬁ’/ﬁﬁ b&ﬂnﬁﬁma‘hén th?n@bi%ﬁnac@@hﬂdﬂg acceptable carrier.

hypertension,” diab myocarditis, ischaenmic heart

15 di skaséy memusﬂg@cgcd@rm @sc!asamh@r aleirs i2n whateip theepaivarragment
are us her apy, genetic
pr edi sg%sﬁ &1 cg@?gt)l ons such as Conn's

Syn@r orﬁemﬁdadFataeui;mg tqmmomf daims ‘hiogh whareingene or more
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V\herel r?fv prophy nt prevent
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20 one of 1r(1:’c|ra‘r|ﬂ\/|enc:ué2 mtrar%ﬂsé’\tﬁe?rr S{,&Lﬁ ESIar and oral.

5. A method according to ¢laim 2, wherein the subject at risk of
developing myocardial fibrosis or an associated condition is a subject
having hypertension, diabetes, myocarditis,' ischaemic heatt disease,
drugs such as daunorubicin and others which are used in cancer

25 chemotherapy, genetic predisposition, other conditions such as
Conn's Syndrome and Phaeochromocytoma of a high salt diet.

6. A method according to any one of claims 2 to 5, wherein the
prophylactic treatment prevents development of fibrosis.

7. A method according to any one of claims 2 to 5, wherein the

30 prophylactic treatment slows the progression of fibrosis.

8. Method of prophylactic or therapeutic treatment of congestive cardiac

failure in a subject, the method comprising administering to the

subject at risk of developing congestive cardiac failure, a composition
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30 prophylactic treatnent slows the progression of

fibrosis. 8. Method of prophylactic or therapeutic

treatment of congestive cardiac failure in a subject,

the nethod conprising adm nistering to the subject at

ri sk of devel opi ng congestive cardiac fail ure, Pl/AU2005/000835
conposition Anmended Sheet™ ¥PEA/ AU PCT/ AU2005RGERDERIS 1 May 2006
16 - Received 31 May 2006 conprising one or nore of
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Phe Shot WBEhedorseruhd e ety BoBRMedrPodiith BiBlfclon. o
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phar mac eagdaetive intestinanichide (¢H)rdreiractilé fralyiche@) thiereof,

el evatin VI P cont ent [

.the \ f the cardi,ac, nuscle .in a .
subj ect OBty fheapbiBalion wih piRfRgERceiEaly AcaptatIa caer.
condigt | MBthdl ofeel@uHiing Ghe @IP Ebritknt &ffthél exelisPinlgcle in a subject
nmyocardi al fibrosis or an associ ated condition,

conpr i s B rameRdialTBFqsizof 3 arocqiny eRdition OhFeubigcd At risk
CONpri spNgevibhindinyBBarBiaPfibrt3RMRAHEN ARobiBtFddMiton,
peptide (VIP) and active fragnment(s) thereof, .

opt i onaFPRP{I¥NG éﬁﬂl'mﬁﬁﬂwt%hﬁl‘w&}%apﬁﬁ@@ﬁwpa@F}P“Smg one
accept ag} gore- 8f wRbhERe intbhtindplopade AP} 8HY ment(s)

7 Jearanag

col l'agen formation or enhancing col 'agen egradati on
i n the thearepfaeptianaly ia eombingliasy wigh 2 phaemagaulisally acceptable
conpri sgpageadm nistering to the subject a conposition
conprising one or nore of vasoactive intestinal

peptlilde Methdd) ofzaducing celigendgmeationsdr epbantiag eoflagen

oetl on bbb BGPTSR, Mlc r BBBRESHL MY

of cl ai oemfrisiog administerieg o theesubjst a comtpedition redirtprising one

I's sel 68} %%ré o vrgstogc e inteRtifal rﬂ)%'pﬁ&é Rﬂl‘-’?gnh eafc{ive fragment(s)
thereof, optionally in combination with a pharmaceutically acceptable
carrier.

12. A method according to any one of claims 1 to 11, wherein the
associated condition is selected from the group consisting of left
ventricular hypertrophy, diastolic dysfunction, myocarditis,
cardiomyopathy, left ventricular dysfunction and congestive cardiac
failure.

13. A method according to any one of claims 1 to 12, wherein the
composition comprising one or more of vasoactive intestinal peptide
(VIP) and active fragment(s) thereof, optionally in combination with a
pharmaceutically acceptable carrier, is administered in conjunction
with at least one other therapeutic agent for the prophylactic or
therapeutic treatment of 'myocardial fibrosis or related condition.
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ventricul ar hypertrophy, diastolic dysfunction,
myocarditis, 25 cardionyopathy, left ventricul ar
dysfunction and congestive cardiac failure. 13. A
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