18 March 2005 1 THE USE OF DES- ASPARTATE- ANG OTENSIN | AS AN AGENT FOR THE
TREATMENT AND PREVENTI ON OF NEO NTI MA FORVATI ON, RESTENCSI S , AND

ARTERI OSCLERCSI S 5 BACKGROUND ART In a previous patent application (Patent
Application No.: 9500519-5, Filing Date: 25.5.95), the use of

des- Aspartate-angi otensin | as an anti-cardiac hypertrophi cl8ldaehel05was
described. In the enbodi ments shown in the previous patent application,

des- Aspart at e- angi otensin |, admni stffred either intravenously or oral I Y,
significantly and dose- dependently attenuated the cardi ac hypertrophy in
experimental ly-induced cardiac hypertrophic rats. Therefore, the invention

in the previous pWUs%F%WQMRTR@Wﬁ%ypeH rorﬁﬂ c agent. 15

des- Aspartate-angiotensin | as an anti-car

Des- Aspar AN AGENT HOR IHE TRESTREINT ANMPREVENTION OFINEOINTEIMA

i ndonet haci nsen ive s Yy of angiotensin receptor (Simand Chai, Br. J.
‘Phar macol ., 117%&@4&%5’% 8@‘5 A ANBABIFERIOSGLERDSES sor ('Sim and
Radhakri shnan, Eur. J. Phar rracoL 257:81-R3 (1994)), and hypertrophic (Mn
and Sim Asia Pacific J. Pharmacol. 12:S23 (1997)) actions of angi otensin
1. AS angiotensin Il has either a 20 direct or pronotive role in the
formation_ of neointinma in ballooh catt ~eter-injured blood vessels

(Csterri Mrtenm on, 18:11-60-11-64 (1991); Daenen et al,

Crc. Res., 68:450-456 (1991)), and chroni c devel opnent of arteriosclerosis
in animals and man (Pitt, Eur Heart J. 16 (Suppi K):49-54-(1995); Timms

and ‘Pitt, Br. Ineaptevibus pa’een( ppidalioh (PAEh) Applicatisn 1065 98OES 19MRFiling
des- Aspartate angl otensin could, through its 25 anti-angiotensin Il

~actions, Bevehd-98k tha F@rnfaicéﬁtsnmteﬂnammﬁmdfasm@mm hymatmnimw
CoL hel bl ARt BB P ) RGP L Scaio
des-Aspartate-angiotensin I, administered either intravenously or orally, mgmﬁcantly
and dose-dependently attenuated the cardiac hypertrophy in experimentally-induced
cardiac hypertrophic rats. Therefore, the invention in the previous patent was directed

to the use of des-Aspartate-angiotensin I as an anti-cardiac hypertrophic agent.
15 Des-Aspartate-angiotensin I has been shown to act on a specific indomethacin-
sensitive subtype of angiotensin receptor (Sim and Chai, Br. J. Pharmacol., 117:1504-
1506 (1996)), and to antagonize the pressor (Sim and Radhakrishnan, Eur. J.
Pharmacol, 257:R1-R3 (1994)), and hypertrophic (Min and Sim, Asia Pacific J.
Pharmacol. 12:823 (1997)) actions of angiotensin II. As angiotensin II has either a
20  direct or promotive role in the formation of neointima in balloon catheter-injured
blood vessels (Osterrieder et al, Hypertension, 18:I1-60-11-64 (1991); Daemen et al,
Circ. Res., 68:450-456 (1991)), and chronic development of arteriosclerosis in animals
* and man (Pitt, Eur Heart J. 16 (Suppl K):49-54-(1995); Timmis and Pitt, Br. Heart J.
72 (Suppl):57-60)), it is possible that des-Aspartate-angiotensin I could, through its
25  anti-angiotensin II actions, prevent or attenuate the formation of neointima in balloon

catheter-injured blood vessels and the chronic development of arteriosclerosis in.

hypertensive animals and humans.
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*@00002* -18.March 2005 DI SCLOSURE OF | NVENTI ON In experinments designed to
st.udy the effect of des-Aspartate-angiotensin | on the formation of
neoi nticna in balloon catheter-injured carotid arteries of nornptensive 5
rats, the nonapeptide has been found to significantly attenuate the
formati on of neointuna at doses as | @v as 5 and 10 pnol es HBeMaddn200§i ven
two days pre- to 13 days post-balloon catheterization. |In another set of
experiments to study the effect of desAspartate-angiotensin | on the

i lLldabRE QF INVEINTION: | erosis in the spontaneously hypertensive
rats, the nonapepti de has been found to significantly 10 attenuate the
chroni c devel opnent of arteriosclerosis when the rats were orally
adni ni st ered almlekpeyindacaiesizn€d & SEAK theberthyt wh@m&&ﬁ&-&@h@ﬁm daody
weight) for 47 weeks (from5 weeks old to 52 weeks old). Therefore, the
present i Hedarmasion;of ngointime dgy ballponicathgtes-injared carosidpaterias of nginttensivien | as

anage t r-e e, formatLon,of neoint i In balloon catheterl5

i nj ur ggd bP](;gd Se)é%{e%bgqtﬂagnla{saéw ngﬂﬁnf’té’r f'@f‘%@'ﬁ";z?%ﬂ“@%a&éeh?(?%%_e i ntima
for mat i onnédint@nPdaCdRESaLlow &3 SR Pmbled PEZART Fiveh 1vid dafd HiY- (RS dhvasc.
~Dis., XXXI'X:361-398 (1997)), the use of des-Aspartate-angiotensin | is

al so di r epestibalieon epshqteraatinn dmargather set ebenperiments to guidyribe efeqteddes-i ng from
bal I oon aﬁg[')a?&ltea-%éibtcrzls% I on the chronic development of arteriosclerosis in the

spontaneously hypcnchsive rats, the nonapeptide has been found to significantly
10  attenuate the chronic development of arteriosclerosis when the rats were orally
administered a daily dose of 0.9 mg/kg body weight (762 nmoles/kg body weight) for

47 weeks (from 5 weeks old to 52 weeks old).
Therefore, the present invention is directed to the use of des-Aspartate-
angiotensin I as an agent that prevents the formation of neointima in balloon catheter-
15 injured blood vessels, and as an anti-arteriosclerotic agent. As neointima formation is
a process of restenosis (Landzberg et al, Prog. Cardiovasc. Dis., XXXIX:361-398
(1997)), the use of des-Aspartate-angiotensin I is also directed to the prevention and

treatment of restenosis resulting from balloon angioplasty.

20
MODES FOR CARRYING OUT THE INVENTION

In the practice of the method of the present invention, an effective amount of
des-Aspartate-angiotensin I or a derivative or salt thereof, or a pharmaceutical

25  composition containing the same, as described below, is administered to a subject,
such as a human patient, via any of the usual and acceptable methods known in the art,

either singly or in combination with other pharmaceutical agents such as captopril or

other angiotensin converting enzyme inhibitors or angiotensin receptor antagonists.

The . compound or composition can be administered orally, by suppository, or

30  parenterally (e.g. intramuscularly, intravenously, subcutaneously or intradermally), and

in the form of either solid or liquid dosage including tablets, suspensions, or solutions,



MODES FOR CARRYI NG OUT THE I NVENTION In the practice of the nmet hod of the
present invention, an effective anmobunt of des-Aspart ate- angiotensin | or a
derivative or salt thereof, or a pharmaceutical 25 conposition containing
the sane, as described below, is admnistered to a subject, such as a
human pati.ent, wvia any of the usual arBl acceptable nmethods Wridarchi2d0% he
art, either singly or in conbination with other pharmaceutical agents such
as captopri| or other angiotensin converting enzyne inhibi tors or
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or solutions, 3 18 March 2005 as is discussed in nore de 'ow. The
admi ni st réAmMROSItORM hpwot eandbe: salitlsi liquidsneyl mixtutes tgeeof;athus, whd borﬂpcrsﬁtidmluous

t hera oL, .| i.nglee dose ra ad libitum Useful. pharnaceutica
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be sol i dsprotectedi dBrritilafibnst UkStaihde Rfase \tﬂgﬂaulaﬁ!?&,ce{&ﬁﬁ * dHhGlarigng 3" take
the formof tablets, pills, capsules, powders, enterically coated or other

pr ot ect edimplangableideyicss ausemporetitsr ehepesfe rhiorosptiead i forsulaiurgisbluions,
formul ati gns evi.ces.or conponents thereof, mcrosphere

fornul ati %’ﬁ%é,m?il}frtpﬂi?‘g%gglroesggﬁgﬁ@%, elixirs, aerosols and the like.
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pharmaceutical excipients include starch, cellulose, talc, glucose, lactose, sucrose,
gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,
15  glycerol monostearate, sodium chloride, dried skim milk, glyccrdl, propylene glycol,
water, ethanol, and the like. The composition may be subjected to conventional
pharmaceutical expedients such as sterilization and may contain conventional
pharmaceutical additives such as preservatives, stabilizing agents, wetting or
emulsifying agents, salts for adjusting osmotic pressure, buffers and the like. Suitable
20  pharmaceutical carriers and their formulations are described in Martin, “Remington’s
Pharmaceutical Sciences”, 15* Ed.; Mack Publishing Co., Easton (1975); see, e.g. pp.
-1405-1412 and pp 1461-1487. Such compositions will, in general, contain an effective
amount of the active compound together with a suitable amount of carrier so as to
prepare the proper dosage form for proper administration to the host.
25 . In one preferred embodiment, the therapeutic methods of the present invention
are practiced when the relief of symptoms is specifically required or perhaps imminent;
in another preferred embodiment, the method hereof is effectively practiced as
continuous or prophylactic treatment.
In the practice, of the therapeutic methods of the invention, the particular
30 dosage of pharmaceutical composition to be administered to the subject will depend on

a variety of consideration including the stage of the disease or condition, the severity
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propyl ene glycol, water, ethanol, and the |ike. The conposition nmay be
subj ected to conventional pharmaceutical expedients such as sterilization
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as  cont iimied $o,3hic, rabbivsl a@tHutah €at ment. In the practice, of the

t herapeutic nmethods of the invention, the particular 34 dosage of

phar maceuti cal conposition to be*admi nistered to the subject will depend on
a variety of consideration includi t he stage of the disease or condition,
the severity 4 18 March 2005 thergg-?f—“m e schedul e of admi nistration, the

age and physical characteristics of the subject, and so forth. Proper
dosages may be established using clinical approaches famliar to the
medi d0nal art SourdetdfdMgterialse Des Aspartatesarigiotasinclowasicbiaified frofn Badhem

- experinme ot expected that .the invention can be utilized
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| can be fipmethardAoadmblCtraet Natjoesd UniedritykefBimgaporet he art. Adult Sprague
Dawl ey rats (SD, 250 - 300 g) were obtained fromthe Aninmal Center,

Nat i onal University of Singapore.
15 Induction of Neointima Formation: SD rats were subjected to left carotid

artery injury by the balloon technique according to the method described by Indolfi et
al (Circulation 92:1230-1235 (1995)). Briefly, rats were anaesthetized with chloral
hydrate (40 mg/kg) and a balloon catheter (2F Fogarty, Edwards Laboratories) was
introduced through the left external carotid artery into the common carotid artery.
20 The balloon was inflated to a pressure of 2.2 kg/cm® by compressed carbogen and
passed three times (three.cycles) along the common carotid artery. This procedure has
been demonstrated to remove all endothelium and to produce some loss of medial
smooth muscle cells (Clowes and Clowes, Lab. Invest., 49:208-215 (1983)). The
catheter.was removed, the left external carotid artery was ligated, and the wound was
25  closed. Formation of neointima in the catheter-injured carotid artery occurred and
slowed considerably after 14 days (Clowes and Clowes, Lab. Invest., 52:611-616

(1985)). The right common carotid artery was left intact and served as the control

artery.

30 Administration of Des-Aspartate-Angiotensin I: Two days before the balloon

catheterization, animals were pre-treated (daily) with various doses of des-Aspartate-
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sections were cut fromthe mdportion of the artery towards the distal end
and used of deoirgmghormeton Sihgl yaa iofrthe oiedisd simobitnmubde walls, dnmeifhandar ea of
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20 F55B colour video camera (JVC, Japan) and a Pentium 166 MHz/MMX

microcomputer (Datamini, Singapore) installed with an Image Pro Plus 3.0 System
(Media Cybernetics, USA) for Windows 95™. The area of the medial smooth muscle
cells, lumen, and neointima of each section was converted to volume by multiplying by
10p (the thickness of the section). The extent of neointima formation was expressed

25  asa % of occlusion of the lumen by the neointima.

Results

The results of the study are summarized in Table 1. Des- Aspartate-angiotensin
I has been found to be an effective agent in preventing the formation of neointima
30  resulting from balloon catheterization. The anti-neointima action is dose-dependent

and its maximum action is brought about by an i.v. dose of 10 pmoles/day for 15 days
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~' 6 18 March 2005 (2 days pre- and 13 :days post-catheterization).

However, it has no significant effect on the nedial smooth nuscle cells.
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Table 1 Effects of des-Aspartate-angiotensin I on the development of neointima in

balloon catheter-injured rat common carotid arteries

Dose % of Lumen Occlusion by Neointima Volﬁme of Media (1* x 10%
Right artery Left artery Left artery

Control animals 0 88+8 211

5 pmol 0 ‘711 1842

10 pmol 0o 2418 1943

15 prol 0 “27+8 1942

Each value is the mean £ SEM obtained from eighty 10-p sections (20 from each

individual animal) of the common carotid artery. Control animals were animals that

underwent. balloon catheterization but were given saline instead of the peptide

%
solution.  Significantly different from the control (p < 0.01, ANOVA followed by

post hoc Student’s t-test).. -




20 Each value is the mean
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i nstead of the peptide solution.

bal | oon catheterization but were given saline
Significantly. different fromthe control

(p < 0.01, ANOVA followed by post hoc8Student's t-test).,: 183Margh@Q8m e 18
March 2005 Source of Materials: Des-Aspartate-angiotensin | was obtained

from Bachem (Dubendorf, Swtzerl ang). Des- Aspart at e-angi otensin | can be

prepared by techniques 5 well knows: art.. One-nonth old Wstar
rats (WKY) and one-nonth ol d spontaneously hypertensive rats (SHR) were
obtai ned fromthe Aninmal Resources Center, Wstern Australia. Chronic O al
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well known in the art. One-month old Wistar Kyoto rats (WKY) and one-month old

spontaneously hypertensive rats (SHR) were obtained from the Animal Resources
Center, Western Australia. -

Chronic Oral Administration of Des-Aspartate-Angiotensin I: Five weeks old
WKY and SHR were housed four to a cage. Four SHR and four WKY were orally

administered 0.9 mg/kg/day of des- Aspartate-angiotensin I in 0.5 ml of saline daily for
47 weeks. Four SHR and another four WKY Sewed as control animals and were
administered 0.5 ml saline solution daily for 47 weeks. The weight of the animals
were determined weekly till 12 weeks old, fortnightly till 27 weeks old and monthly till
47 weeks old. The dose. of des-Aspartate-angiotensin I was adjusted to match the
increase in weight as the animals grew. The dose of 0.9 mg/kg/day was calculated
based on the maximum effective oral anti-cardiac hypertrophic dose (250 nmole per

rat of average weight of 325 g) in the original parent patent.

Morphometric_Quantitation of arteriosclerosis: The blood pressure of the

animals was determined by the tail cuff method on the 46th week of treatment. On the
47th week, animals were anaesthetized with chloral ‘hydrate and a 3-cm section
(measured from the left renal artery) of the abdominal aorta was removed and fixed in
4% paraformaldehyde and 1% glutaraldehyde. The aorta was processed for paraffin
embedment. 10-p thick,_gggtions were prepared and stained with toluidine blue. Fifty
such sections, cut from.the distal end of the artery, were used for quantitation. The
area of the medial smooth muscle cells was quantita.tcd morphometrically as described

above. The area was converted to volume by multiplying by 10y.

Kyot o



adm ni stered 0.9 ng/ kg/ day of des-Aspartate-angiotensin | in 0.5 nl.of
saline daily for 47 weeks. Four SHR and anot her four VKY served as control
animals and were adm nistered 0.5 nl saline solution daily for 47. weeks.
The weight of the animals were determ ned weekly till 12 weeks ol d,
fortnightly till 27 weeks old and nonohly till 15 47 weeks l8IMarclr@@0%ose of
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47th week, animals were anaesthetized with chloral te and a
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The area was converted to volune by multiplying by 10. 30 9 18 March 2005
Results The results of the study are summarized in Table 2. There was no
significant difference between the systolic pressure of the control and
treated animals. DesAspartate-angi otensin has been found to be an effective
‘anti-arteriosclerotic agent. 5 Wen administered orally at an anti-cardiac
hypertrophi c dose of 0.9 ng/lcg/day for a period of 47 weeks, it
“.significantly attenuated the devel opnent of arteriosclerosis in the SHR
The anti-arteriosclerotic~action was not bl ood pressure dependent.




18 March 2005 Table 2 Effect of des-Aspartate-angiotensin | on the

devel opnent of arteriosclerosis in the spontaneously hypertensive rat

(SHR) Ani nal Vol une of Medi al Snmooth Muscle Cell sBl ood Pressure (I x-106)(nm
Hg) Control SHR224 f 319015 Treated SHR*170 t 121918 Control WKY121 f 5132
t 3 ' 10 18 March 2005

.

Table 2 Effect of des-Aspartate-angiotensin I on the development of arteriosclerosis
in the spontaneously hypertensive rat (SHR)

5
Animal Volume of Medial Smooth Muscle Cells Blood Pressure
3 6
1 %10) (mm Hg)

10  Control SHR 22443 1905
Treated SHR *170 £ 12 ' 1918
Control WKY 1215 13213

15
Treated WKY 1276 134+ 8

Each value is the mean + SEM obtained from two hundred 10-p sections (50 from
20 each individual animal) of the abdominal aorta. *Significantly different from the
control SHR (p < 0.005, Student’s t-test). Des- Aspartate-angiotensin I has no
significant effect on the blood pressure taken at the 46® week of treatment, and the
animal weight taken at 12, 27 and 47 weeks old (data not shown). It also does not

affect the volume of the medial smooth muscle cell of the normotensive WKY.



Treated VKY127 t 6134 8 Each value is the nean SEM obtained Born two
hundred | 0- sections (50 from 20 each individual animal) of the abdom nal
aorta. *Significantly different fromthe control SHR (p < 0.005, Student's
t-test). Des-Aspartate-angiotensin | has no significant effect on the

bl ood pressure taken at the 46~ weeklbf treatment, and thd8 Maichdf0hei ght
taken at 12, 27 and 47 weeks old (data not shown). It also does not affect
t he vol une of the medial smooth nuscle cell of the nornotensive WY. .; 11
| NDUSTRI AL APPLI CABI LI TY 18 March 2005 The industrial applicability of the
inventi o%' JSTRIAY iAPPr IO AREN gl cal or health care 5 industry as an
agent for the prevention and treatnent of neointuna formation, restenosis,
and arteriosclerosis arising fromwhatever causes. 18 March 2005 CLAI M5

The industrial applicability of the invention is primarily in the medical or health care
5 industry as an agent for the prevention and treatment of neointima formation,
restenosis, and arteriosclerosis arising from whatever causes.

[



1. A pharnmaceutical conposition for preventing and treating neointinma
. formation, restenosis, and arteriosclerosis arising fromwhatever causes,

.conprising: 5 an effective anount of des-Aspartate-angiotensin |; and a
pharmaceutically acceptable carrier or diluent. 2. The use of
des- Aspartate-angiotensin | in the n@nufacture of a medi caféidarcl2005
preventing and treating neointinma formation, restenosis, and
arteriosclerosis. :

CLAIMS

1. A pharmaceutical composition for preventing and treating neointima
formation, restenosis, and arteriosclerosis arising from whatever causes, comprising:
5 an effective amount of des-Aspartate-angiotensin I; and

a pharmaceutically acceptable carrier or diluent.

2. The use of des-Aspartate-angiotensin I in the manufacture of a medicament for

preventing and treating neointima formation, restenosis, and arteriosclerosis.

SUBSTITUTE SHEEP



