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. A METHOD FOR TREATING CARDIAC DYSFUNCTION AND
T PHARMACEUTICAL COMPOSITIONS USEFUL THEREFOR

The present invention relates generally to a method for, and pharmaceutical

compositions useful in, the prophylaxis and/or treatment of cardiac dysfunction in a

mammal by the administration of an effective amount of an agent capable of

blocking or inhibiting the effect or release of inositol(1,4,5)trisphosphate in cardiac

tissue.

Bibliographic details of the publications numerically referred to in this specification

are coliected at the end of the description.

Throughout this specification, unless the context requires otherwise, the word |

"comprise”, or variations such as "comprises" or "comprising”, will be understood to

imply the inclusion of a stated element or integer or group of elements or integers

but not the exclusmn of any other element or integer or group of elements or

integers.

The phosphatidylinositol (PtdIns) turnover pathway is a complex signal transduction

system that mediates a diverse range of neurotransmitter and hormone induced

responses in a great variety of cells (1). The pathway usually involves the receptor

mediated hydrolysis of a membrane phospholipid

phosphatidylinositol(4,5)bisphosphate (PtdIns(4,5)P,) by a specific phospholipase C
(PLC) causing the release of two well described second messengers sn-1,2-

diacylglycerol (DAG) and inositol(1,4,5)trisphosphate, hereinafter denoted as

Ins(1,4,5)Ps.

DAG activates protein kinase C (PKC) and Ins(1,4,5)P; releases

calcium from specific intracellular stores. The two arms of the pathway either -

separately or in concert, control a wide range of cellular responses including

contraction, secretion and mitogenesis (2). Ins(1,4,5)P; is metabolised rapidly within

the cell by dephosphorylation via Ins(1,4)P, to Ins(4)P, and by phosphorylation to

Ins(1,3,4,5)P,, which is further metabolised to produce a wide range of inositol

Been Replaceu

\\\\\\\\ M



. . g . PCaU 3 4 /U 0702
Bi bl i ogr aphi ¢ d&t'&"E BF*¢HE* publ i cations nunerically referred to in this

speci fication are collected at the end of the description.
Throughout this specification, unless the context requires otherw 'se, the
wor d “conprise", or variations such.as "conprises" or
"conprising”, will be understood to ' i nply the inclusion of a
stated el ement @hodpRhRUSIMES (BpaHP1 R LBRIETBME Aty BLE8&hSsuapesicd 10 have Wole
not the exclusion of any other el ement or integer or group O e(l enents or

i ntegers. in calcium Fqeegstatioptial ant Folerofir teoher (iRbdioh photpharehere patnhway
I's a conpl ex signal transduction system that nedi ates a diverse
range of neur ot PAEEB{&t and hor mone i nduced responses in a

great variety of cells (1). The pathway usually involves the receptor
medi ated hydrol ysis of a nembrane phosphol i pid
phosphat i dyl ifnodibeditdlas PathiveyHoghh heaet (Piddivated hy5x Phérendpidandamaeeinfd ¢
phosphol i pase C - - . . .
receptors, endothelin and stretch (5). Compared with non-muscle tissues, the heart is .
insensitive to Ins(1,4,5)P; in terms of calcium release (6), with the addition of high
concentrations of Ins(1,4,5)P; causing a slow leakage of calcium rather than the rapid
release seen in most cells (7). In addition, Ins(1,4,5)P; enhances calcium oscillations
10 which are associated with the development of arrhythmias (8, 9), but not calcium

induced-calcium release, the mechanism involved in excitation-contraction coupling.

- The present inventors have previously reported that PtdIns turnover pathway in the
heart differs from that described in non-muscle cells. In heart, phosphorylation
products of ["’H]Ins(1,4,5)P3 are barely detectable, indicating reduced Ins(1,4,5)P4
kinase activity (10). More recent studies have shown that little Ins(1,4,5)P; is

Prend
W

released and metabolised either by phosphorylation or dephosphorylation and that

most of the accumulated inositol phopshates derive from Ins(t,4)P, rather than

In$(1,4,5)P3 (11). These findings suggest that Ins(1,4,5)P5 does not .play a major
20 role in the healthy heart. -

_ However, there is evidence that the PtdIns pathway and Ins(1,4,5)P; may be more
important under pathological conditions such as myocardial ischa¢mia and

reperfusion. o;-Adrenoceptor stimulation, which is associated with inositol

o
L

phosphate release, is éapabl'e of inducing arrhythmias both ventricular tachycardia
(VT) and ventricular fibrillations (VF) during both ischaemia and reperfusion. Such
responses are not observed under normoxic conditions. Ischaemia has been reported
to increase a;-adrenoceptor density in a number of myocardial preparations (12) as
well as increasing responsiveness to noradrenaline stimulation (13). Reperfusion of
30  ischaemic myocardium, is associated with large calcium accumulations, apparently

associated with oj-adrenoceptor stimulation (14). These calcium accumulations have

been implicated in reperfusion-induced injury. Furthermore, a.,-adrenoceptor
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(PLE) causing th% release of two well described second pewsengeds/sG 07 ( 2
di acyl gl ycerol (DAG™End“T*HdSTtol (1, 4,5)tri sphosphate, hereinafter denoted

as Ins(l,4,5 P err]. DAG.activates protein kinase C (PKC) and
Ins(1,4,5)P[err] rel eases ‘cal cium from specific intracellular
stores. The two arns of the pathway either -3- Separately or in

concert, control a wi de range of cellular responses i ncluding
contraction, secrigbil@dcanda Mumbgeof ahapdmits, h3Setn 4h&SXPi@ be hnfi-Srigihatio uhded
rapidly within ) the cell by dephosphorylation via Ins(1,4)P[err]
to Ins(4)P[err] adh isgbpaiispndrgpafysim eendition (15). I'ns(1,3,4.5) P[err],
which is further nmetabolised to produce a wi de range of inositol
-2- : :
In work leading to the present invention, detailed studies were carried out in isolated
5 perfused rat hearts to determine and characterise the effects of ischaemia and
reperfusion on the PtdIns turnover pathway, and to investigate a possible functional

role for the second nuessenger'lns(1,4,5)P3 under these pathological conditions.

It was surprisingly discovered that reperfusion with oxygenated medium after global
10 ischaemia caused a rapid and quantitatively large rise in Ins(1,4,5)P; which could be
correlated in time with the observed development of arrhythmias. Furthermore, it
was observed that by blocking the formation of Ins(1,4,5)P; in the heart, using the
aminoglycosides neomycin, gentamicin or streptamycin (being agents known to
inhibit the formation of Ins(1,4,5)P3) it was possible to completely abolish, or

15 significantly reduce arrhythmias occurring following reperfusion of the ischaemic
heart.

”
Accordingly, one aspect of the present invention contemplates a method for the

prophylaxis or treatment of cardiac dysfunction in a mammal said method comprising
20 administering to said mammal an effective amount of an agent capable of blocking

formation or release of Ins(1,4,5)P; in cardiac tissue.

Another aspect of the present invention is directed to a pharmaceutical composition

useful in the prophylaxis and/or treatment of cardiac dysfunction comprising an agent

o
wh

capable of blocking formation or release of Ins(1,4,5)P; in cardiac tissue together

with one or more pharmaceutically acceptable carriers and/or diluents.

Yet another aspect of the present invention relates to an agent for use in blocking

formation or release of Ins(l,4,5)P3 in cardiac tissue.

Still yet another aspect of the present invention is directed to the use of an agent

which blocks formation or release of Ins(1,4,5)P, in cardiac tissue in the manufacture
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phosphat e isongrs, (Figure - 1) Ins(1,3,4,5) Plerr] itselPCI¥id Gder/ s@g@eZthz
to have a role incal¢cium sequestratlon (3) and roles for other inositol
phosphat es have been suggested (4). The Pidlns pathway in the heart is
activated by a[err]-adrenergic and nuscarinic receptors, endothelin and
stretch (5). Conpared with non-nuscle tissued,-the heart is insensitive to
Ins(1,4,5)P[err] in terms of calciumrelease (6), with the addition of high

concentrations afa hiesl{chndnb)dr[the trkawans bngrephglagly dfeakdige aghyibalici um rat her
than the rapid rel ease seen in nobst cells (7). In addition,

~Ins(1,4,5)P[err] enhances cal ci um osci | | ations which are associated with

the devel opnent Oﬁ 101%1 no {.ﬁraaﬁldfcgrdlge)d %’r{cuggt gqu s% KL Ian%?eg?ﬁﬁ‘ln%c

rel ease, the necRani S I nv In exc I on- ont ract cou

present i nvent osdmintst@eP e ombibalon eporigeststwisth Blotknsg 1hhﬁleQMeFaffBathahéa$en
the heart differs fromthat described in non-nuscle cells. In heart,

phosphor yl at PonophstliéeiP of Sychiggentsincludingy bitrgot dimitedatoe Rgeniewhichanduce
!5'[] SldicgtsI Egvéegﬁ@fmﬁmkﬁﬁﬁ% f4’{ ?’%ﬂﬂq S](bei%ﬂ’%%gﬁn %sue?lés%g%ogen AcBvh(sF SPE)ther

anti-arrhythmic agents for example, amiodorone, sotolol and lignocaine.

In a preferred embodiment, the mammal is a human, a livestock animal such as a
10 sheep, cow, horse, donkey or pig or a laboratory test animal such as a mouse, rat,

rabbit, guinea pig, cat or dog. Most preferably, the mammal is a human.

The term "cardiac dysfunction" is used in its most general sense and relates to any
condition which causes a reduction in effective pumping action of the heart such that
15 tissues are inadequately perfused. More particularly, it covers or may result from the
following conditions: cardiac arrhythmia, cardiomyopathy, allograft rejection
(cardiac), coronary angioplasty, cardio-pulmonary by-pass surgery and
electrophysiological studies. The present invention is particularly directed to the
prophylaxis and/or treatment of cardiac arrhythmia. Reference hereinafter to cardiac

20 arrythmia should be taken as covering all conditions contemplated above.

- The pr-_eéént invention is described in detail hereafter in terms of the effect of
Ins(1,4,5)P, inhibition in rat cardiac tissue. However, it is understood that it extends
to the effect of the Ins(1,4,5)P; inhibitor in all mammals and in particular humans

25 and livestock animals. Accordingly, any reference herein to the effect of Ins(1,4,5)P,
inhibition in rats is meant to be applicable to the effect of Ins(1,4,5)P5 inhibition in

all mammals and in particular humans and livestock animals.

. The term "cardiac arrhythmia” is used herein to denote conditions in a mammal
30 where there is an irregular heart action caused by physiological or pathological
disturbances in discharge of cardiac impulses or their transmission through the

conducting tissue of the heart, and includes tachycardia and fibrillations of particular
ies tachycardia and hibriliatic
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rel eased and nelaball.sed.ghther by phosphorylation or méypgoéy/agi Qn7an2
I'hat nost of the accunul ated inositol phopshates derive fromlns(1l,4)P[err]
rather than Ins(1,4,5 P[err] (11). These findings suggest that
Ins(1,4,5)P[err] does not play a major role in the healthy heart.

However, there is evidence that the Ptdlns pathway and Ins(1,4,5)P[err] may
be nore inportant under pathol ogical conditions such as rryocardl al

i schaemi a and rapdipg Qétﬁowt]t[délm ?’melénb%@bt(brmgth eRsertal.omdalanargxyal atrial,
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(VF) during botihd SGhaaMreGEithioRPesdesdianly, BieChediBEMOSISESdiaE arrRPhneP KefaN&d
under nornoxic conditions. |schaem a has béen reported to increase

[ err] - adr enoceptoobe thtursingyori maiataminp dhe tiguley actiond Dﬁlhepmcepab)athemdm(nmallcasof
wel | as increasing.responsi ss to .n nes Iat'on 13).
Reper f usi on of 2" gﬁﬂﬁérﬁn&owgf}gﬁ? GEERR W Olﬂlagi’g%‘:gﬁ |°£1t“é‘H %Fb@ Eei%aé? i
accumul ations, ARPREEHE! Jbor 2 ARS8k RhE&H é’Mthlo[ﬂ? shificRdh @@ﬂ%ﬂﬁﬁr oP tdil afel on
(14). These cal ¢i urh atcumul ations have been i rrp} Icated In
r eper f usi on- i ndwegethrianfien gf tHelheatterGadiae arduytiimiadnanocmptfollowing a disease
condition or result from trauma or therapy and the present invention is not limited to
any one or more causes of cardiac arthythmia. Typically, cardiac arrhythmia will
10 occur following myocardial infarction, as a consequence of reperfusion following

cardio-pulmonary by-pass surgery, and in patients having unstable angina.

The present invention also extends to preventative therapy whereby an agent which
blocks the effect or release of Ins(1,4,5)P; is administered to prevent or reduce the .

15 likelihood of cardiac arrhythmia developing.

The agents capable of blocking the effect or inhibiting the effect or release of
Ins(1,4,5)P; which are used in accordance with the present in‘;ention include, for
example:
20 (i) agents which affect the biochemical release of Ins(1,4,5)P; from the
phospholipid PtdIns(4,5)P, to cause reduction in Ins(1,4,5)P; formation. Such
- _.a_.'gents include the class of compounds known as the aminoglycosides, for.
éxample; gentamicin, tobramycin, amikacin, netilimicin, kanamycin,

streptomycin and neomycin or derivative thereof, and the class of compounds

18]
W

known as polyamines, for example; spermine or derivative thereof as well as
agents which bind the phospholipase C (PLC) enzyme to produce inhibition;
and

(i)  agents which block the effects of Ins(1,4,5)P;, for example, agents which
block the Ins(1,4,5)P; receptor; or antagonist molecules to Ins(1,4,5)P;.

30 '

Accordingly, in one preferred embodiment, the present invention provides a method

for treating or preventing cardiac arrhythmias in a mammal which method comprises
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bl ockadc, by a murberaehewantagoni sts, has been shown to be anti-arrhythmc
.under both ischacm c and reperfusion condition (15). In work Icading to
the present invention, detailed studies were carried out in isolated
perfused rat hearts to determ ne and characterise the effects of ischaem a
and reperfusion on the Ptdlns turnover pathW Yy, and to |nvest|gate a

possi bl e functiopal .roJe for. the se(fond ssenger Ins(1,4,5) r‘l under
t hese pat hol Ogl &pm&éﬁga&tlp ﬁgl mammal an eflective amounl of an dmmoL vccmd for a time

and under conditions sufficient to modulate cardiac arrhythmia.

Preferably the aminoglycoside is one of the group comprising gentamicin,
5 tobramycin, amikacin, netilimicin, kanamycin, streptomycin, neomycin or derivatives
thereof. Even more preferably the aminoglycoside is neomycin or derivative thereof.

In a most preferred embodiment the amino glycoside is gentamicin.

In a further preferred embodiment the invention provides a method for treating or
10 preventing cardiac arrhythmias in a mammal which method comprises administering

to said mammal an effective amount of a polyamine molecule for a time and under

condition sufficient to modulate cardiac arrhythmia.

Preferably, in this aspect of the invention the polyamine is spermine or its

15 derivatives. In a more preferred aspect the polyamine is spermine.

Furthermore, the route of administration of the .polyamine or aminoglycoside or other-
agent blocking or inhibiting the effect or release of Ins(1,4 5)P3 is preferably by oral,
parenteral or buccal administration but other routes may be equally applicable with
20 only minor modifications to the methods contemplated herein. The effective amount
of the agent will depend on the mammal and the condition to be treated, however,
- the amount to be administered to the mammal will need to be non-toxic. In general,
the effective amount of agent will be a daily dose in the range of 0.1 — 100 mg/kg,

more preferably 1-100 mg/kg and even more preferably 5-60 mg/kg.

25
Pharmaceutically acceptable carriers or diluents for use in the composition of this
invention are well known to persons skilled in the art, and by way of example are
described in Remington’s Pharmaceutical Sciences, 18th Edition, Mack Publishing
Company, Easton, Pennsylvania, USA.

30

The method and pharmaceutical compositions described in accordance with the

present invention will be useful infer alia in the treatment or prevention of cardiac
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It was surprisinghygh-aeavweted that reperfusion with oxygenat gd4nédpurq 702

after gl obal ischaem a caused a rapid and quantitatively large rise in

Ins(1,4,5)P[err] which could be correlated in tinme with the observed

devel opment of arrhythm as. Furthernore, it was observed that by bl ocking

the formation of Ins(1,4,5)P[err] in the hearl; using the ami noglycosi des

neonycin, gentamcin or streptanycin (being agents known to inhibit the
formation of | ngrEyWNBIPPeuNL £ a wewlipdseiriobe strgicabpyuicedwets; cabmlderdying or
significantly r%,qr ce Ug%’t hm as occurring foll ow ng reperfusion of the

i schaem ¢ heart.” AU I'ngly, one aspect of the present invention

contenpl ates a nethod for the prophylaxis or treatnent of- cardi ac

dysfunction in a mammal said nethod conprising adm nistering to said manmal

an effective and\gentsofapaliic af duckigphibinetion obrdedst g Ihsqt Aet)Poareogeneridllgafst of

Ins(1,4,5)Plerr] in cardiac tissue. Anot her aspect of the present .

i nvention is di !’eeséet%e'& W§o 4R ﬁﬁ%{}slﬁéi‘zﬁﬁ sshe s¥hssiselasd perfused rat hearts. Potentially
useful agents are then tested in vivo in a small animal model, such as rats, mice,
guinea pigs or rabbits. Agents which are still of potential interest following this
initial in vivo screen may then be tested in a larger animal model such as dogs,
horses, pigs or mini-pigs. Clinical trials in human subjects may then follow using

10 agents which still show signs of useful activity. A suitable protocol for clinical trials

of anti-arrhythmic agents is described by Heidbuchel et al. (36).

The present invention is further described by the following non-limiting Figures and

Examples.

In the Figures:

. : .
. Figure 1 is a diagrammatic representation of the phosphatidylinositol turnover

pathway. The pathway predominating in heart is boxed.

Figure 2 shows HPLC profiles of TCA extracted inositol phosphates from isolated
- perfused' rat hearts.
A: control heart; B: heart subjected to 30 minutes global myocardial ischaemia.

Long arrows indicate elution pbsition of nucleotide standards.

D
W

Figure 3 is a graphical representation showing the accumulation of 3H-labelled

inositol phosphates in cpm/mg protein in isolated perfused rat hearts subjected to

increasing periods of global myocardial ischaemia.

30 Figure 4 is a graphical representation showing the accumulation of >H-labelled
inositol phosphates in isolated perfused rat hearts subject 1o ischaemia and subsequent

reperfusion following a 20 minute ischaemic period.
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conprising an agent capabl e of blocking formation or rel ease of
Ins(1,4,5)P[err] in cardiac tissue together with one or nore

pharmaceutically acceptable carriers and/or diluents. Yet anot her aspect
of the present invention relates to an agent- §or use in blocking formation
or-release of Ins(1,4,5) P[err] in cardiac tissue. Still yet another

aspect of the present invention is directed to the use of an agent which

bl ocks formatio rel ease err] in cardiac ssu i he

manuf act ur e li“wurc %e 1sa grapplcal rcpl(cqt:nl’m n Lhowxlm accumuiation OI' }ndm ual I3Ht-
labelled inositol phosphates in isolated perfused rat hearts subject to noradrenaline
stimulation (A) ischaemia and reperfusion (B) and ischaemia and reperfusion in the

5 presence of reserpine (C).

Figure 6 is a graphical representation showing the effect of various neomycin
concentrations on 3H—labeﬂed inosito] phosphate accumulation within 2 minutes
reperfusion following 20 minutes global ischaemia as a percentage of untreated 2

10 minutes reperfusion response.

Figure 7 is a graphical representation showing the accumulation of 3H-labelled

inositol phosphates in cpm in neonatal myocytes. Note the iow levels of

Ins(1,4,5)P,.
15
Figure 8 is a graphical représeﬁtation showing the accumulation of *H-labelled
inositol phosphates. cpm in adrenal glomerulosa cells. Note the low levels of
Ins(1,4,5)Ps. "
20 EXAMPLE 1

INOSITOL PHOSPHATE EXPERIMENTS

The inositol phosphate response in heart
Earlier studies in the inventors’ laboratory showed that the pathway of inositol
25 phosphate release and metabolism in heart tissue was different from that in other cells
in that products of dephosphorylation of the Ca®*-releasing messenger Ins(1,4,5)P;
were observed but the phosphorylation products were not (10). The metabolic
pathways involved are shown in Figure 1. Subsequent studies provided an
explanation for these findings by demonstrating that the primary release product of
30  phosphatidylinositol-specific phespholipase C (PLC) in heart was Ins(1,4)P, rather
than Ins(1,4,5)P5 (11). This suggested that heart tissue avoided the generation of

Ins(1,4,5)P; and provided the basis for the current studies. More recent studies have

'I'lus Sheet Has Been Re laced. "
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-4- " of a medi céiﬁ‘éﬁ‘t“’l’“f‘f@rﬂ'dt‘%e treatment or prophyl axis of cardiac
arrhythm a. Optionall) another anti-cardi ac dysfunction agent such as an
anti-arrhythmc drug is admnistered in conbination with agents which bl ock
or inhibit the effect or release of Ins(1,4,5)P[err] Such agents including,
but not limted to, agents which induce thronbolysis for exanple,

strept oki nase a mt.aéoey d:%lﬁﬁmé‘f?&ﬁ“{o‘?% VL@L%] %51119\" g%fy &%Rungmmhf@d?ddac

agents for exa e, amm odorone

embodi ment, t he pagrwsl cdrfelacswithnhe prdstntﬁsdeﬁ]kat?ﬁﬂbﬂBd}TBlb@lmxﬁé c@;ﬁh@%ﬁmeﬁow
hor se, donkey or Bdg or a Iaboratory test animal such as a nouse, rat,
C

rabbit, guinea pirded 8k(18) Gdgouptssiio srdiffereabphosphpkpase Grirom LG fhukigh
' couples receptors to typical GTP-binding proteins (17). To further test the
5 association of Gh with the cardiac inositol phosphate pathway, effects of an inhibitor
of PLC-B was investigated (18).  This compound, U-73122, did not inhibit the
accumulation of inositol phésphates in heart tissue under noradrenaline stimulation
but was a fully effective inhibitor in isolated neonatal cardiomyocytes which lack Gh
-and have an inositol phosphate metabolic pathway indistinguishable from non-muscle
10 cells. Thus, the .phosphatidylinositol turnover pathway in heart tissue differs from

that in other cell types in a number of important aspects.

The inventors investigated the possibility that some alteration in the pathway was

responsible for the arrhythmic action of o ;-adrenergic agonists under conditions of

15 myocardial ischaemia and reperfusion.

A) METHODS
Inositol phosphate response in isolated perfused rat hearts *
Adult male sprague dawley rats 250-300g were used. Where indicated, rats were
20 treated with reserpine (5 mg/kg I.P. for 18hrs prior to killing) to deplete endogenous
noradrenaline stores.. Rats were heparinized 1U/g I.P. 30 minutes prior to killing by
- decapitation. Hearts were rapidly excised and immediately chilled in ice-cold saline.
Under .ice-cold solution, hearts were cannulated via the asc_ending aorta as described
- by Langendorff and perfused retrogradely at a rate of 5 ml/min with_HEPES-b'uffered
Krebs solution equilibrated with 5%C0,-95%0, at 37°C. Initial perfusion was in a

o
th

non-recirculating manner to remove internal blood. Hearts were allowed to warm up
gradually and, when free of internal blood, transferred to a 37°C water-jacketed
organ bath containing carbogenated Krebs medium, and perfusion continued in a
recirculating manner. Following a 15 minute equilibration period, hearts were

30 labelled with [3H]-inosilol, 2 pCi/ml for 2 h. Hearts were monitored throughout the
labelling period for strong rhythmic beating. Any hearts which did not fulfil these

requirements were discarded.
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The term "car di aendpefanessond is used in its nost general sense and
relates to any condition which causes a reduction in effective punping
action of the heart such that tissues are inadequately perfused. Mre
particularly, it covers or may result fromthe( fol l ew ng conditions:

cardi ac arrhythm a, cardi onyopathy, all ograf't reJ ection (cardiac), coronary

angi opl asty, car uI mn S sur and el ectrophysi ol ogi

studi es. The prelg‘élﬁf“p’ ﬁf%‘nq{ ngr"ﬂ?sdll? g 19’"6?#’@85’@8] Pas f%‘“ﬁdoﬁlﬁﬁf%%d
and/ or treatnent 3 ¢ R

arryth & shoul o b Iﬁﬁﬁﬂhﬁg’ﬁ%‘%ﬂﬁﬂﬁ SIeAET oD/ Sl AL RIRELE 3 o

The present inveblbtlof- adscmtersc rédeptbrs andled ahibihkrsBahé@bolism bg!rlm? Uip}mhpl1atase

effect of Ins(1,4,5 E ﬁFbrtron i n ra& cardi ac tjssue. However,
under st ood t hat ISP hcfsol“o Hes WereeRarfused il prayanolel.ehibll sphufion Aex b‘?tor

inall mammal § apghis B GhgEmY nﬁ.ﬂﬁ%ﬁ@r?% lhé?@%&’xﬁ QEPCEBJ&E‘E& 1’191‘81%8&9{1{]?1 10

any reference herein to the effect of err N ra
is meant to be apmhiteatdiscubatisrneNefthethermit dists] Ischaéhia] iy inducedi 1} tenfihatifg

all mamals and in_ particul ar humans and |iyvestock ani mals.

: perﬁ.smn or various times up to 30 minutes. Reperfusion was examined followmo a
20 minute ischaemic period by resuming perfusion at 5 ml/min. Reactions were
terminated by freezing hearts in liquid N, following excision at the atrioventricular

10 junction. Frozen ventricles were weighed and inositol phosphates extracted as

described below.

Extraction of inositol phosphates

Inositol phosphates were extracted from ventricle samples in 3.5 ml ice-cold 5%
15  trichloroacetic acid (TCA), 2.5 mM EDTA, 5 mM phytate solution, as described
previously (21). Briefly, ventricles were homogenised with two 10 second passes of
a “Polytron” homogenizer separated by 15 second penods 0*1 ice. Samples were
homogenised further using a Potter-Elvejheim homogeniser followed by brief
sonication. Homogenised samples were centrifuged (5000 rpm, 10min, 4°C) to
20 remove TCA insoluble material. Supernatants were collected, and the remaining
pellet re-extracted in 1.5 ml TCA, EDTA, phytate. Supernatants were pooled and
- freoq,'-tfi-n-ocylamine (1:1 v/v 0.75 ml:1ml TCA solution) was added, mixed
thoroﬁghly, and phases separated by low speed centrifugation (2000 rpm, 10 min
4°C). The resultant aqueous phase, con_taining inositol phosphates vrras_ collected and
treated with proteinase K (50 pg/ml, 2hr, 50°C). This process was necessary to
preserve the chromatography column. Treated samples were passed through a 1 ml
Dowex-50 column (4% cross-linked 4-400 mesh size) and eluted with 1 ml water
(22). Urea'(0.0SM final) was added (23) and samples lyophilized prior to high

performance liquid chromatography (HPLC) analysis. Recovery of inositol

o
W

30 phosphat.es using this method was greater than 95% for each isomer, as estimated by

addition of [*H]-labelled standards to extractions of unlabelled hearts.
e
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The term "car di &e'arrdrptiniral i s used herein to denote conditions in a

mammal where there is an irregular heart action caused by physi ol ogical or
~ pat hol ogi cal di sturbances in discharge of cardiac inpulses or their

transm ssion through the conducting tissue oﬁltpe heart, and i ncl udes
tachycardia and fibrillations of partlcular

-5- cardiac sit to,atrial, essential, nodal,

paroxysmal atri aﬁ%ph'""f"’)(’ﬂ/'éfn%gm% " Po 3?’(35( s’%ﬁ”’(/‘é’ﬁi ricular, polynorphic

ventricul ar, refih@ftoRRHosphiNes were separatcd by an anion-exchange HPLC system using a
Whatman Partisil 10u SAX column in a Waters Radial Compression Unit, employing
a complex ammonium phosphate gradient, pH 3.8 from 0-2M as described previously
5 (24). Inositol phosphates were detected and quantitated using an on-line B-counter
(model CR, Radiomatic Instruments). All peaks were identified by comparison with
commercial standards. Nucleotide standards AMP, ADP, and ATP were run with

samples to assess column performance.

10 Noradrenaline determination in heart perfusate
Aliquots of heart perfusate for noradrenaline estimation were collected from
ischaemic tissue and at various intervals of reperfusion following 20 minutes MI.

Samples were analysed by HPLC and quantitated by electrochemical detection as
described previously. (25). )

Ins(1,4,5)P 3 Mass Analysis

Mass of Ins(1,4,5)P; was measured using a competitive bind}ng assay (Amersham

TRK 1000) essentially as described previously (26). Ventricle samples were prepared

as described above except for the omission of [°H]-label during the 2 hr perfusion of
20 hearts prior to ischaemia, and for the use of 5 mm ATP instead of phytate in the

extraction procedure. 5 mm phytate was found to cross-react in the Ins(1,4,5)P5

assay. -

Protein Determination
25 Protein concentration was determined in aliquots of TCA pellet following InsP

extraction using a modified Lowry method with Bovine Serum Albumin as a

standard.

Statistics

30 Values presented are mean = SEM, for n=4 unless otherwise stated. Statistical
~ analysis of results involved Students’ unpaired "t-test" for all InsP data.
I —
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and ventri cul ar ofil-Dldd bl Accordingly, the treat rrenmfl‘ Qré éco 0 / 0 2
arrhythma is taken to be returning or maintaining the regular action of

the heart by the administration of an effective anmobunt of an agent. which

bl ocks or inhibits the effect or release of Ins(1,4,5 P[err] for a tine and
under conditions sufficient to naintain, or'r]et'urn t he regul ar action of

the heart. Cardiac arrhythm a may occur followi ng a di sease condition or
result from traBeRBSUL §rapy and the present invention is not Ilmted to

any one or nore uses i ac.arrhythm a. |k di a hyt hm a
will occur foll #ﬁx@fi’é@d{‘z’l"‘ﬁ"ﬂf ap dbs 86“"%’”&36&2%%@?(6 edyfiic éf/erfusion
foll ow ng cardi 9,p;ybnp,mry by- pass surgery, and in patients havi ng unstabl e

angi na. The presént invent] on al so extends to preventative therapy _
wher eby an agentT'Gshiestriads$ of k’é‘x]trtmell@ﬂﬁ‘e@teddreaﬂebwamedtommev@ﬂdsdd@lﬁ[eeras] is

adm ni stered t .or leduc e |likel ihoqd of cardla arr

devel opi ng. 5 THE (i)églﬂ %“%%)Sabf‘éao%) bl%’éhf‘?@%ﬁga efAfseréPmE)? WNOH%‘IV E}%ﬂt’ he

effect or rel eagggef 4 ]ané ué)rﬁ'&t%dlic Moleds defe HSEiddht "{‘Pl%gfed”d)c?hiﬁyt Ridde

present i nvention |nc ud

. perfusion with ownenated medium resulted in a time dependent increase in [°HJ-
label in inosito] phosphates (Figure 3). In contrast, global ischaemia caused an altered
distribution of inositol phosphates (Figure 2b), while the total amount of label

10 remained unchanged. As shown in Figure 3, decreases in Ins(1,4)P, and

Ins(1,4,5)P,, were observed together with concurrent increase in the degradation
products Ins(1)P, and Ins(4)P,. Significant changes in [3H]-labe11ed inositol
phosphates were observed after 5 min of ischaemia. The redistribution process
observed under ischaemic conditions was independent of the endogenous

15 noradrenaline released during ischaemia, as it was unaffected by both depletion of

noradrenaline stores by reserpinization, or by o, adrenoceptor blockade with

prazosin. ,
In contrast to normoxic perfusion, total accurnulation of fnositol phosphates in
20 myocardium remained unchanged throughout the 30 minute ischaemic period stec"-.ied,
~ such that the decreases in [°H]-label of Ins(1,4,5)P; and Ins(1,4)P, could be
- accouqted for by increases in the metabolic products Ins(1/3)P; and Ins(4)P;. These
data indicate that global ischaemia causes an inhibition of PtdIns-PLC activity, such
that no ino.sitol phosphate release occurs, even in the presence of locally high

25 concentrations of noradrenaline.

Control of inositol phosphate release under ischaemic conditions
More recent modelling studies have shown that the altered metabolism of inositol
phosphates durong ischaemia is not related either to the reduced pH or the high

30 ambient extracell-ul'ar K* concentration, under these conditions. Rather, our studies

indicated that the change in inositol phosphate profiles could be explained solely by

the decrease in ATP content. Moderate anoxia reduced ATP content from 8.3 + 1

eet Has Been Replaced

T I



PCTiaUQ 4 / 007092

exar'rpl e: (i) wageat-snabhirghs af f ect t he bi ochemical rel ease of.

lns(1,4,5)P[err] fromthe phosphol i pid Ptdins(4,5)P[err] to cause
reduction in Ins(1,4,5)Plerr] formation. Such ~ agents include the
cl ass of compounds known as the am noglyc05| es, for exanpl e;

gentam ci n, tobranycin, am k aC| n, netilimtc ih, kanamycin,

streptorrym n and neonycin er at e there and the cI ass, .of c punds
known as pol yamlﬁ’é‘k‘“ﬁy ‘é‘)éé]h"pll“ ‘1 ¥ rﬁ“ﬁén géM in7as Pyl Héséllif r%{-g Ml aas

agents whi ch bi I ( e L (o]as
and (ii) age{r}'tgg&\tﬁ]l @h&ﬁﬁp%glgﬂt@ﬁ‘zm?’e?t:s&&cp%ﬁs ¥S?Il SAgFgFO ?W? b(HA) 3
exanpl e, agent soydurcin global ischaehixaksulthé in m{uﬂ:edlh’stPﬂﬁbPJ ad eelpk dms(] d)P,.
ant agoni st nol ecul es to Ins(1,4,5 P[err Accordj ngly, in one preferre
enbodi ment, t heBgHeRw®Hes; mpémaleoﬁug?eaﬁedlé%haa%tq%w by giodeHedhpsing inybitors o
preventing c%rdiAaﬁ) anremgog_m as in a manmmal which nethod conprises

Under conditions of moderate ischaemia, release of Ins(1,4,5)P; occurs in response to
noradrenaline, the ambient levels of which are high under these conditions.
Reperfusion following moderate ischaemia further enhanced this response (see

10 below). Thus, whether-Ins(1,4,5)P; release occurs under ischaemic conditions
depends on the ATP content of the tissue and thus on the severity of the ischaemia.

However, enhanced release is always observed with reperfusion.

Effects of post-ischaemic reperfusion on the accumulation of 3H-labelled inositol
phosphates _

Reperfusion with oxygenated medium following 20 minutes global myocardial
ischaemia resulted in a rapid increase in accumulation of [°H]-labelled inositol
phosphates. This ac;tivation was biphasic, with a rapid and tf;.ns'ient accumulation
occurring between 1 and 2 minutes reperfusion, followed by a slow, quantitatively

20 smaller, secondary accumulation which continued past 20 minutes (Figure 4).

The r_apid accumulation of inositol phosphates caused by 2 minutes post-ischaemic
reperfﬁsion was depéndent on the release of endogenous noradrenaline, as it was
prevented by prior reserpine treatment (Figure 5¢). The release of [*H]-labelled

Ins(1,4,5); could be reinstated in reserpinized animals by perfusion with 104 M

3%}
(93]

noradrenaline. Prazosin (10 uM) treatment inhibited the 2 minute reperfusion inositol
phosphate response, demonstrating mediation via o.;-adrenoceptors. Thus, the
immediate reperfusion Ins(1,4,5)P; response requires neuronally released
noradrenaline and is mediated by a,-adrenoceptors.

30

[
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-6-" adm ni ster Pamgp piepr.aias MBIl - an ef fective anmount of an am nogl ycosi de
for a tine and under conditions sufficient to nodul ate cardiac arr hyt hm a.
Preferably the ami nogl ycoside is one of the group conprising gentanmicin,
tobranycin, am kacin, netilimcin, kanamycin 4st reptonycin, neonycin or
derivatives thereof. Even nore preferabl y t i Yami nogl ycosi de is neomycin or
derivative thereof. In a nost preferred enbodi nent the am no glycoside is
gent ami ci n. In a further preferred enbodi mrent the invention provides a

method for treatdyag (Rfugh the reperfusion Ins(1,4,5)P; response was caused by noradrenaline
stimulation of a;-adrenoceptors, it differed from the noradrenaline response under
normoxic conditions in a number of ways. First, the release of inositol phosphates
5 was quantitatively greater. Second, the profile of released inositol phosphates was
different in that the primary release product under reperfusion conditions was
Ins(1,4,5)P5 whereas Ins(1,4)P, predominates under normoxic conditions (1 1). Third,
inositol phosphate release under reperfusion conditions was inhibited by a number of

compounds which did not inhibit release under normoxic condmons, as discussed in
10  detail below (Table 1). |

The 2 minute reperfusion response required the reintroduction of oxygen, as
reperfusion with 0, free (N, saturated) medium, did not activate inositol phosphate
release. This finding is of great interest as recent reports indicate that oxidants

15 increase the sensitivity of Ins(1,4,S)P3 receptors (27).' Thus, by two different
mechanisms, increased release and increased sensitivity, Ins(1,4,5)P; can be more

effective and more damaging under conditions of ischaemia and reperfusion.

L4
’

Noradrenaline concentration under conditions of ischaemia and reperfusion

20 Endogenous noradrenaline is known to accumulate in myocardial extracellular space
under ischaemic conditions (28). In the current studies the noradrenaline

- conce_n_trétion was measured in the tissue and surrounding perfusate, to verify such

accumulation in the inventors’ model. Control values (9.87+1.54 x 1079 M) were
sampled following 10 minutes recirculating perfusion with Krebs’ medium containing

25 propranolol and LiCl prior to initiation of ischaemia. 20 minutes global ischaemia
caused an accumulation of noradrenaline within the myocardial extracellular space
(8.19 £ 2.03 x 10‘7M). This noradrenaline was released rapidly with reperfusion and
levels remained elevated at 2 minute reperfusion (1.26 £ 0.28 x 108 M), although
diluted around 40 fold when released into the 10 ml recirculating perfusate.

30 Perfusate noradrenaline levels dropped significantly following 20 minutes reperfusion
(1.06 £ 0.5 x 10’9M) 10 a level not different from those of controls (P>0.3).

Noradrenaline concentrations in the perfusate after 2 minutes reperfusion averaged
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preventing car diaemasEtyddpiias i n a mammal whi ch net hod conpri ses
admnistering to said mammal an effective anount of a pol yam ne nol ecul e
for a tine and under condition sufficient to nodul ate cardi ac arrhythm a.
Preferably, in this aspect of the invention ihe pol yam ne is sperm ne or
its derivatives. In a nore preferred aspect” he poI yam ne is spernine.

Furthernore, the _.rou of ration of the anj ne or, am nogl i de
or other agent bf‘ééfk{ 69 ‘{g‘h@%{, Cﬁ@“t“ﬁe“%‘?“f‘é‘Et“"bF&?‘él"édﬁe‘“B’I‘ﬂa“““ indsitol

LB? ( é t f\ferS) Plerr thd@hﬂ%%l@a@%c}' m tﬁénqg&}aex 1&315&8&1?&@1}1 O Lﬁ%ﬁﬁ\'nstg:qge M S AkdPn

route e equa Ions to

t he met hods contceimivat; ed ahexrlzﬁjxllily dm&neric‘u&@ta vﬁrmuﬂbr.@durme') agemes ymétl
depend on the nanmmal and the condltlon to be treated, however, the anount
to be admi ni st etselRepyC FeRerivsIoRal PIgyiops pudigs ﬂlbtltselnwﬁOItSOkah@rawrﬁf hpyaspayn thate

ef fect] ve amunteQl SISO I S.Anlald wndBsB ol iiedaNge hely Ty hoi

100 ng/ kg, nore prefera even nore pre
phosphate accumulation. Thus, cardiac o,-adrenoceptors responds to neuronally

released noradrenaline only under conditions of ischaemia and reperfusion.

Effect of aminoglycosides on the reperfusion- induced [3H J-labelled Inositol

10 phosphate response
The aminoglycoside antibiotic neomycin has been well characterised as an inhibitor
of Ins(1,4,5)P; release (29)(30). The effects of neomycin on the 2 minute
reperfusion-induced [3H]-labe11ed Inositol phosphate response were investigated.
Neomycin (0.05 mM), added 10 minutes prior to ischaemia and maintained

15  throughout the procedure, did not significantly inhibit the accumulation of [°H]}-
labelled inositol phosphates. Higher concentrations, 0.5 mM and 5 mM, produced a
45% and 55% average inhibition of [*H)-labelled Inositol phosphate accumulation
respectively, compared with 2 minutes post-ischaemic reperfu';ion in the absence of
neomycin (Figure 6). These results are different from findings in healthy heart tissue

20 where 5 mM neomycin caused a 20% reduction in accumulation of [3H]Ins(1,4,5)P3
but was without effect on the accumulations of Inositol phosphate; and Inositol

- phosphgt’éz. Lower concentrations were ineffective. These data indicate an increase

in sensitivity of myocardial tissue to neomycin of more than 10 fold during post-

ischaemic reperfusion.

Subsequent experiments were performed to establish whether this inhibitory effect of
neomycin was a class effect of aminoglycosides and if so whether other members
might have higher potency. Streptomycin and gentamicin were chosen for these
studies with a view to using available plasma assays for in vivo studies. As is shown
30 in Table 1, both gentamicin and streptomycin were more potent inhibitors of
reéperfusion-induced Ins(1,4,5)P; release than neomycin. Thus, inhibition of

reperfusion-induced Ins(1,4,5)P; release is a class effect of the aminogl\-'cosides
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Phar maceuti cal |yhaceepiabieicarriers or diluents for use in the conposition
of this invention are well known to persons skilled in the art, and by way
of exanple are described in Rem ngton's Pharnmaceutical Sciences, 18th
Edition, Mack Publishing Conpany, Easton, Pe gsyl vani a, USA. The met hod
and pharmaceutical conpositions descri bed in accordance with the present

i nvention wll e sefu r in.the treatnent or t
car di ac _ Y2 own m "Idp)]tcel lfic po]vammf‘ Sperminc, r[ﬁ%o was 1cp lc% cmg cﬁmwn (?0 be

imhibitory.

More recent studies have investigated the possible contribution of thrombin to the
5 reperfusion arrhythmias. The studies described above used medium-perfused hearts.
However, in vivo myocardial ischaemia and reperfusion are associated with local high
concentrations of thrombin associated with the thrombus formation responsible for
the occlusion. Recent studies from other laboratories have pointed to a direct pro-
arrhythmic effect of the thrombus in vivo. Studies in the inventors’ laboratory have
10 shown that thrombin directly stimulates release of Ins(1,4,5)P; in heart tiseue and that
this release is inhibited by gentamicin at similar concentrations to those required for

inhibition of the noradrenaline response under reperfusion conditions.

In summary, reperfusion of hearts following global ischaemia causes release of
15 Ins(1,4,5)P; and this can either be effected either by neuronally released
noradrenaline or by thrombin. Both of these agents would be expected to be present

in the heart under ischaemic conditions in vivo.

EXAMPLE 2
20 | MYOCARDIAL FUNCTION IN VITRO
A) METHODS
s Reperf_ugion-induced arrhythmias in in situ perfused rat hearts
A model of in situ perfused rat hearts subjected to 20 minutes coronary artery

occlusion to induce ischaemia, followed by reperfusion was used to investigate

25 reperfusion-induced arrhythmias.

Rats (230 300g) were anaesthetised (pentobarbitone 60mg/kg, 1.P.) and heparinised
(200U/rat 1.V.) The thorax was then opened and a metal cannula (ID 1 mm) inserted
and tied into the ascending aorta, to commence Langendorff perfusion in situ (31).
30 The interval from opening the chest to commencing heart perfusion was between 50
and 70 seconds. The perfusate was Krebs buffer, with coronary flow controlled by a
Ismatac peristaltic pump at a rate of 5 ml/g heart weight/min fi -ischaemic.
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-7- arrhythms occurring as a result of various surgi cal procedures. or
under |l yi ng cardi ac di sease. Agents capabl e of bl ocking formation or
rel ease of Ins(l.4.5)P[err] are generally first tested in vitro in perfused
heart tissue such as isolated perfused rat hedrts. Potentially useful
agents are then tested in vivo in a small animal nodel, such as rats, mce,
gui nea pigs or raiotfm;isn Agahisdlwhirath the eoshidyl pofuspot jerodsued whnbamest 32-38
following this |n|t i n w%gbscreen may thelsze tested in ani nal

|
‘nodel such as dod8™ %@Ps%%urc @rbisurmtfﬂnswfgé ejﬂdrﬁta@rlnltmpaﬁéﬂ%%i%ﬂuwéwd 10
subj ects may the I (o) 1
et ity A sui s abf St BPURARRRS PIGHih aoRi BN buRALY vessels

i s described by Hedrehiedhdf. latsonde. . préfFations, Véreripilas prbsurs was haasured birlinsdnting a
descri bed bythefollovvlng non-ljmting Figures and Exanpl es. )
Millar micro-tip t*ansducer catheter into the left ventricular cavity via the apex. All

parameters- coronary perfusion pressure, ventricular pressure, and epicardial ECG,
were constantly recorded on a Grass model 7 polygraph. Two hearts were perfused

and simultaneously studied.

10 A silk suture (4.0) was positioned loosely around the left coronary artery 2-3 mm
from its origin. Two silk releasing rings were placed around the suture for
subsequent release of occlusion. Successful occlusion of the artery, inducing regional
ischaemia, was indicated by increases in coronary perfusion pressure of at leaét 30%.
Perfusion pressure was adjusted to non-xschaemm perfusion levels during the

ischaemic period.

Drugs were added to the perfusion via a Harvard Model 22 pump. The drug flow
was less than 1% of perfusion flow to ensure constant perfifsate parameters. Unless

mentioned otherwise, the drugs were present 10 minutes before, and during the entire

20 ischaemic and reperfusion periods.

- Heart preparations were allowed to stabilise for at least 20 minutes prior to
commencmg studies. Following 10 minute drug incubation, the left coronary artery
was ligated to induce local ischaemia, for a period of 20 minutes. At the end of this

25 ischaemic period, the ligature was released and hearts perfus'=d at pre-ischaemic flow
for a period of 5 minutes. Ventricular arrhythmias, occurring during ischaemia or

during the first 2 minutes of reperfusion were defined according to the Lambeth

Conventions (32).

30 Statistics
Incidence of arrh)ﬁhmias was analysed using a %2 test, with n > 8 for each group.
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I'n the Figures: Figure 1 is a diagrammatic representation of the
phosphatidylinositol turnover pathway. The pat hway predom nating in heart
I s boxed. Figure 2 shows HPLC profiles of TCA extracted inositol
phosphates fromisol ated perfused rat hearts!8A: control heart; B: heart
subjected to 30 m nutes gl obal myocardial ischaem a. Long arrows indicate
el ution position of nucleotide standards. Figure 3 is a graphical

representation Fur?(\%gﬁ.g$e accunul ation of [err]HIabelled inositol
phosphates in cg protein in isolated perfused rat hearts subjected to

i ncreasing peri giec®fof@nithodlycsidesion RepefRsibREMdced arrliythmias
The initial reperfusion-induced release of the second messenger Ins(1,4,5)P5 occurs at
5 atime point associated with reperfusion-induced arrhythmias. Based on the
considerations outlined above, this suggested a possible role for Ins(1,4,5)P; in the
development of arthythmias. Therefore, reperfusion-induced arrhythmias were
quantitated, and the effects of compounds which inhibit the Ins(l,dc,S)'P3 response

under these conditions were investigated.
10

An ischaemic model of coronarj occlusion and subsequent reperfusion in in situ
perfused rat hearts was used, and provided a high percentage of ventricular
arrthythmias under both ischaemic and reperfused conditions. Twenty minutes
regional ischaemia by coronary artéry occlusion resulted in 83% (10/12) incidence of

15 VT. As shown in Table 2, reperfusion following this ischaemic period resulted in VT
and_ degenerati\}e VF in 10 out of the 12 rats studied. In all cases, a large number of
premature ventricular beats were observed. None of the hearts which became
arthythmic with VT and subsequent VF recovered during thg’S minute repe_rfusion
period studied. h | ‘

20

The effects of neomycin on these reperfusion-induced arrhythmias are shown in table
_ 2. Neomycin at 0.05 mM had no signiﬁcaht effect on the induced arrhythmias with
6 out'éf 8 rats studied showing both severé VT and VF throughout reperfusion. In
contrast, and in parallel with [°H]-labelled Inositol phosphate studies, higher
25 concentrations of neomycin (0.5 mM) prevented the occurrence of reperfusion-
induced arrhythmias with none of the 10 rats studied exhibiting VT or VF. Similar
effects were observed with 5 mM neomycin. The inhibition of reperfusion-induced
arthythmias by 0.5 mM neomycin was independent of any haemodynamic effects as
heart rate and ventricular pressure, while dropping upon initial introduction of the
30 drug, recovered to levels not significantly differing from control during the 10 minute
incubation period prior to occlusion.
-
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Figure 4 is a gfMdpmieshepepr@sent ati on showi ng the accunul ati on of

[err]H | abell ed inositol phosphates in isolated perfused rat hearts subject
to i schaem a and subsequent reperfusion following a 20 m nute i schaem c
peri od. - 8- Figure 5 is a graphicaljgrepresentati on show ng
accurul ation of individual [err]H labelled inositol phosphates in isolated

perfused rat heaydt;s Fo0h §Frable NERHOERRAI, 'Y€ntamicin and spermine also inhibited
reperfusion arrhythmias in parallel with their effects on reperfusion-induced release of
Ins(1,4,5)P. Gentamicin was the most potent agent tested followed by streptomycin.
At the higher concentrations gentamicin and streptomycin also produced a partiai |
5. inhibition of arrhythmias occurring during the ischaemic phase. These data further
suggest the possibility of a contribution By Ins(1,4,5)P; to these arrhythmias in

addition to its apparently essential role in reperfusion arrhythmias.

Thus, inhibition of hydrolysis of phosphatidylinositol(4,5)bisphosphate
10 (PtdIns(4,5)P,) under reperfusion conditions prevents the development of reperfusion

arrhythmias.

Effect of staurosporine on repezfusion;induced arrkythmias
In addition to Ins(1,4,5)P;, the second messenger DAG is also produced upon

15 hydrolysis of PtdIns(4,5)P,. DAG activates various isoforms of protein kinase C

- which in turn controls a number of cellular processes. Thus, it was possible that the

anti-arrhythmic effects of the aminoglycosides was be due to inhibition of DAG
production and subsequer;t PKC activation. Therefore, the effects of a potent protein
kinase € inhibitor staurosporine (33) on reperfusion-induced arrhythmias was

20 investigated. Staurosporine (10’7 M, a concentration known to inhibit PKC in the
myocardium under reperfusion conditions (34)) did not significantly alter the

. percentage incidence of reperfusmn—mduced arrhythmias from untreated controls as

shown in Table 1.
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stimulation (A) ischaem a and reperfusion (B) and i schaem a and reperfusion
i.n the presence 'FftA ngErQLne (O. ‘Figure 6 is a graphical representation
showi ng the effect of various neonycin concentrations on [err]H 1 abelled

i nosi tol phosphate—accuntattomr—w-thr—2—-rRt-es—epertust-eor—+otH-ow-Rrg—260—r
m nut es gl obal ischaeni a as a per centnsfed,SPyint r eat Beperfnsinminducedporhythinoias

response. Figure 7 is a graphical representation shoew ng the accunul ati on
Cow | evel s of Ino(1 4.5 Plerr]  Floure s is a g aphi it tepresentatVhn
showi ng the accunutation of [err]H1labelled inositol phosphates cpmin
{_adrenal gl omebul osa cells. Note thendssw | evelp of 1846(1,4,p)Plerrph p
{ control 200 + 18 83 83
0.05 mM neomycin 184 +7 ns 75 ns 70 ns
0.5 mMneomycin  121+11 <025 0 <005 0 <.005
5 mM neomycin | 104 + 12 <.025 0 <.005 0 <.005
10 0.5 mM spermine 182 + 4 ns 63 ns 36 <.025
SmMspermine 16049 <05 30 <025 20 <005
PTX (25 ug/kg) 128 + 28 <.05 40 ns 10 <.001
0.015 mM genta | 145 + 2 <0.05 58 <.025 25 <.025
0.15 mM genta 136 +22  <0.05 v <;s 27 <025
15 _ 1.5 mM genta 0217 <01 17 <05 8 <.025
0015mMstrep  201%16  ns 45 s 27 <025
0.15 mM strep 167 + 5 <0.05 25 <.025 6 <.025
15 M strep 94+11 <001 45 <025 27 <025

1uM stauro nd 83 ns 69 ns

20
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EXAMPLE 1 SiiSplopenciheardystrvINOS| TOL PHOSPHATE EXPERI MENTS  The i nosi t ol
phosphat e response in heart Earlier studies in the inventors' |aboratory
showed that the pathway of inositol phosphate release and netabolismin
heart tissue was different fromthat in otheracells in that products of
dephosphoryl ation of the Ca[err]-rel easing nessenger Ins(1,4,5)P[err] were
observed but the phosphoryl ation products were not (10). The netabolic
‘pat hways i nvolved are shown in Figure 1. Subsequent studies provided an
expl anation for THged:f Edftcsgd cbgruxdbcnmfsng;eaﬂslamglhbhalu%hﬁf Ips( 1RSI, rdease
product of phosphatidylinosjt.ol - eC| f| hosphol i pase C (PLC) in _heart was

Ins(1.4)P[err] rather tﬁ%mﬂwﬁ‘g(’in L pyey! ’PE&) Valyes shavwp gessinstl 4840 ¢nrsugnd
tissue avoided the g.ene’i@k/b D profisd ]muaf-)r@ 4rc]f BeBROY uftpded R RS S

for the current studies. re recent st
5 - minutes afier commencing reperfusmn following 20 min global ischaemia,

and % incidence of ventricular tachycardia (VT) and ventricular
fibrillation (VF) in the experimental group (n > 8). Pertussis toxin (PTX)
was given by I.P. injection 48 h prior to experimentation. “Genta” is

| gentamicin, “strep” is streptomycin and “stauro” is staurosporine.

10 Statistical analysis of Ins(1,4.,5)P3 mass data was performed using

Student’s unpaired “t” test and analysis of arrhythmia data using a y? test.

p values are relative to control.

Effect of inhibition of phospholipase IC B ,

15 To date, few direct inhibitors of phosphatidylinositol-specific phospholipase C have
been available. However, one compound, a steroid derivative known as U-73122,
has been shown to inhibit PLC- isoforms. As explained above, this agent did not
inhibit release of Ins(1,4,5)P in intact heart preparations and was without anti-
arthythmic activity. These data are summarised in Table 2.

20
Taken together, the data derived from a number of different compounds show that

- inhibition of release of Ins(1,4,5)P5 causes an inhibition of reperfusion arrhythmias.

Arrliythmic effect of thrombin under reperfusion conditions

25 The finding that thrombin directly stimulated release of Ins(1,4,5)P; in heart indicates
the possibility that thrombin might cause arrhythmias directly via this mechanism.
Experiments were performed using hearts from reserpinized rats so that arrhythmic
events initiated by noradrenaline were eliminated. Reperfusion arrhythmias were not
observed in hearts from reserpinized animals. However, when thrombin (2 U/ml)

30 was added to the perfusat_e a high incidence of reperfusion arrhythmias was observed.
Furthermore, these arrhythmias were inhibited by gentamicin, indicating a

relationship to release of Ins(1,4,5)P; (Table 2). ~ Thi$ Sheet Has Bee
as
Replaced
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-9- provided apnéchanigtic basis for this unusual pathway by show ng that
the "cardi ac" pathway correlates with the presence of an atypical

- GTP- bi ndi ng coupling protein called Gh (1') Gh couples to a different
phosphol i pase C from PLC-[err] which coupl®s- receptors to typical

GIP-bi nding proteins (17). To further test the association of Gh with the
cardi ac inositol phosphate pathway, effects of an inhibitor of PLC[err]
was investigaﬁgﬂggﬁggi; Thi s conmpound, U 73 122, did not inhibit the
accurul ati on i40l phosphates in heart tissue under noradrenaline
stimulation hut was a fully effective inhibjtor in isolated neonatal

cardi onmyocytes which |ack Gh and have anyimgsitol phogp@ﬁte met agol i c p
pat hway i ndi stingui shabl e from non-nuscle cells. Thus

phosphat i dyl |ﬁes1+e+—+&ﬁﬁeve1—pa+hw&y—hﬁ—hea1+—t+ssﬂe—d+4—#e+s—++em—-

reserpine

5  thrombin (2 U/ml) 89 67 9 <.05
thrombin + gentamicin 60 0 | 5 <0.05*
control 100 63 46
U-73122 (10 M) 88 61 12 ns |

10 Table 2: Arrhythmic effect of thrombin and its inhibition by gentamicin. * relative

to thrombin. Other p values are relative to control.

In summary, agents which stimulate release of Ins(1,4,5)P, under reperfusion

conditions are pro-arthythmic and agents which inhibit release arg anti-arrhythmic.

EXAMPLE 3
IN VIVO STUDIES
A) METHODS
Gentam1c1n -was chosen for studies of anti-arrhythmic action of aminoglycoside in
20  vivo because it is the most potent agent in vifro and because an assay method for
measuring plasma levels is currently available. Rats were not heparinised so that

effects of thrombin will be contributory to observed arrhythmias.

In vivo model for coronary artery occlusion and reperfusion

|38
W

Rats were anaesthetised with pentobarbitone (60 mg/Kg IP) and artificially ventilated
with room air. The chests were opened via the forth intercostal space, and the hea:t
exposed. A 4.0 suture was placed around the left coronary artery and then passed
through a guided polyethylene cannula. The thorax was closed leaving the threaded

cannula outside the chest. The right carotid artery was cannulated for recording of

. This Sheet Has Been Replaced
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that in other cedllyReSdfnd: Nuber of i nportant aspectps?r/AUT%el*i/annpo?so Z
i.nvestigated the possibility that some alteration in the pathway was

responsi ble for the arrhythmc action of [err]-adrenergi c agoni sts under °
conditions of nyocardial ischaem a and reperfusion. A) METHODS | nosit ol
phosphat e response in isolated perfused rat héarts Adult male sprague

daw ey rats 250-300g were used. \Were indicated, rats were treated with
reserpi ne (5 ny/&gerial Ploogesssir sAPET 8rbifisatian for R§)30t mindigst heeleBrgoeuroagery -
nor adrenal i ne stQres.. ts re.heparini,zed 1U g, 1. P. 30 mnutes priokr t
1 Ting by decaptPal Rt B da e BaS SPhETGeet et uiael o rofiaiip R them by
chilled in ice-cehghps theubdiegethet 6ethaht thredsut TIRNschRATiE PeMET Q2§ 30 RHinateed
via the ascendi ngﬂaorta as descri bed by Langendorff and perfuxsed

retrogradely at &llosted Wrreperipsion. mingriah bHErEScsurd andeel lsaddb £ masiregerded 3
on- reci r cubat PHEFRATare ¥ SR, B ftib ot st BarRRar sSierfislila o
War m up the in vivo rat model, the highest incidence of reperfusion arrhythmias occurs after a
10 minute period of coronary artery occlusion. The size of the ischaemic area was
determined at the end of the experiment by the dye method. There was no difference
in ischaemic area between hearts from control animals and those receiving
10 gentamicin. Gentamicin was infused at a dose of 2.5-10 mg/Kg/min prior to
initiation of ischaemia and maintained throughout the protocol. This caused a

moderate reduction in blood pressure and heart rate.

As is shown in Table 3, gentamicin inhibited the development of feperfusion

15  arrhythmias in vivo. The arrhythmias generated under these conditions would be
expected to be initiated by noradrenaline and by thrombin and possibly also by other
agents. It is important to note that gentamicin was effective'also against the
arrhythmias occurring under ischaemic conditions. As indicated above, release of
Ins(1,4,5)P3.also can occur under these conditions, depending on the severity of the

20 ischaemia.

. TABLE 3:

VT% VF% _ n P
control 100 68 13
25 gentamicin 30 | 0 10 <0.01

Table 3:  Effect of gentamicin on reperfusion arrhythmias in vivo.

In summary, gentamicin is a very effective agent in inhibiting reperfusion

30 arrhythmias in vivo. i
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gradual ly and, when free of internal blood, transferred to a 37[err]C
wat er j acket ed organ bath contai ni ng carbogenat ed Krebs nedium and
perfusion continued in a recirculating manner, Followi ng a 15 mnute
equilibration period, hearts were | abelled vvrﬁh [[err]H -inositol, 2
[err]C/m for 2 h. Hearts were nonitored throughout the | abelling period
for strong rhythm c beating. Any hearts V\/ni ch did not fulfil these
requi renents were discarded. g4 abel ling, the -
[[err]H -inositol-containing nedi um was rermveoll“ and repl aced

- CARDIAC SELECTIVE PLC INHIBITOR

5 Studies from the inventors show that inhibition of release of Ins(1,4,5)P; under
conditions of post-ischaemic reperfusion inhibits the development of reperfusion
arrhythmias.” This could be achieved either by directly binding to and inhibiting the
PLC enzyme which hydrolyses PtdIns(4,5)P, to Ins(1,4,5)P; or by binding
PtdIns(4,5)P, and thereby inhibiting PLC activity less directly. Given that the PtdIns

10  turnover pathway occurs in all cell types, it is important to incorporate some

selectivity into inhibitory agents if they are to be effective clixiical tools.. The PLC
which is coupled to a;-adrenoceptors in heart provides one possible target for a
direct enzyme inhibitor because it is a different enzyme from é.ny of the currently
described PLC classes (17). However, agents like the aminoglycosides which bind

15 PtdIns(4,5)P, can also be appropriate. The inventors have shown that the potency of

these compouilds increases by more than an order of magnitude under ischaemic

conditions. Furthermore, even though the aminoglycosides act by binding

PtdIns(4, S)P.,, the relative potencies of the ammoclycomdes inecausing an inhibition

of PLC activity differ for the different PLC isoforms and neomycin rather than

20  gentamicin is generally most potent (Table 4). PtdIns(4,5)P, is an activator rather

than a substrate for phosphatidylcholine-specific phospholipase D. For this enzyme,

. am1n001ycos1des have been shown to inhibit the activatlon by PtdIns(4,5)P, but the
rank order of potencies was different from observed in studies of PLC. Thus, even
though the aminoglycosides act by binding PtdIns(4,5)P,, this binding clearly affects

25 different enzymes which interact with PtdIns(4,5)P, differently.

Thus, the development of a suitably selective agent will be possible by either of these

mechanisms.

-
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W th Krebs nedi um containing propranolol (10[err] M and |ithiumchloride
(50 M) to block [err]-adrenergic receptors -ad@-to inhibit InsP metabolism
by InsP 1'-phosphat ase respectively (20). Hearts were perfused with
“propranolol, LiC solution for 10 mnutes prior to ischaem a. Antagonists,
- when admi ni stere% wirgﬁhl ncluded in this 10 m nute preincubation.
Nornotherm c glo AB dénmi a was i nduced by term nating perfusion for
“various times up_to 30 mnutes. Reperfusion was exam ned follow ng a 20

- mnute ischaem c period by resum ng perfppiygn at o dN.  Reacts wergry_

. termnated by freezing hearts in qug{tg }Y‘:IF‘é?r] fmmg exc??fg’n}‘gg? thePI PLC

~atrioventricular junction. Frozen vent H,:%es wer _i%hgg}ed an?d4ﬂ9%£°' heart rep
of

. phosphates extracted as descri bed bel ow. Extracti o i nosi
- phosphat es | nosit{c osphates—were—e acte C S 2—-sahyp
- m ice-cold 5%t rieohlyeirpacetic acid (TCAp, 2.5 nM EBTA, - 5 nmM ph3adat
- solution, as described previously (21). Briefly, ventricles were

. hhonogeni sed wi.th two, 10 second passes o "Pol yt rop,, honogeni zgL,separ at ed .
by 15 second periBFEWWIe. Sanpl es vveI?esahormgeni sef furt her égf‘% a 150
- Potter-Elvej hei m honogeni ser followed by brief

phnosphate Ael-8--6 act-edg om a cl.e Apl-e a

400

gentamicin ND 130 500 15
Table 4: Relative potencies of neomyecin, streptomycin and gentamicin in
inhibiting PLC hydrolysing PtdIns(4,5)P, or in inhibiting the
10 stimulatory effect of PtdIns(4,5)P, on PLC activity. Values shown are

average ECs, values x 10°® M. Kidney cy and kidney me refer to
cytosolic and membrane enzymes, respectively. Heart rep refers to
hearts under reperfusion conditions. Brain and kidney data are from
the literature (35).

r
r

EXAMPLE 5
ANTI-ARRHYTHMIC AGENTS

Currently available anti-arthythmic agents are only poorly effective and their use is

20 often-—_ii-mited by significant side effects. Furthermore, these agents target primarily
the arthythmias occurring during ischaemia and are essentially ineffective against the
arthythmias which occur following reperfusion (36). Gentamicin in vifro and in vivo
is very effective in inhibiting reperfusion arrhythmias. These findings set the stage
for the development of an entirély new class of anti-arrhythmic agent based on the

25 inhibition of release of Ins(1,4,5)P;. Furthermore, it is likely that arrhythmias |
developed in vivo are mechanistically more complex than those observed in in vitro
model systems and that Ins(1,4,5)P; may have a wider role than classical
“reperfusion” arrhythmias, as suggested both by our modelling studies and by the in
vivo experiments. Conditions such as unstable angina likely involve repeated
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soni‘cati on. Honpgeni sed sanpl es were centriPéged (5000 rpm 10min, 4[err]C
to renmove TCA insoluble material. Supernatants were collected, and the
remai ni ng pel | gtnsier extlnsioned! the corgnary amMEA, arINAs refeytedtapisodehel BehgATS

were pooled and freon, tri-n-ocylamne (1:1 viv.Q.75 m :1m T ion).,
e adod. m xEeA [SRBHGHI J PeSrirepRatREh SephY aitivg] of cerdp el g p; By
centrifugati 0”}1&\200@'%(‘?]Qﬂhicgloinfﬂlf&af%l%rt'h}nQ:}uss-{&ﬁ “¢@RfukRAT aABLEAUEs. phase,

cont ai ning i nositol phosphates was collected and treated with proteinase K

(50 [err]g/mM, 2hr. 50[err]C). This process was necessary to preserve the
chr omat ogr aph ol Treated s | es .wer ssed t.hr qugh..a . Dowex- 50
ol umn (4% or 53507 T Bt B0 hRrroe e ARy BF e sauh R NARRF (22)

urea (0. 05M {1 Ralobpittie 1846e8lidnd nd AGALEABRL Snck YRANIHoLE GLTdaR deeribes It

per f ormance |i qui romat ogr aphy (HPLC) anal ysis. Recovery of inositol
phosphat es usi ngid bé andesthod theh sheginventéom inkhde® 5llshdr vaiations sodrerodifagations.

estimated by addition of err -l.abel | ed standards to extractions_ of
unl abel | ed Kearﬁ?. invention a[l£o {ncllulc_ils all of the steps, leatures, compositions and compounds
referred to or indicated in this specification, individually or collectively, and any and

10 all combinations of any two or more of said steps or features.
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-11- Separation and quatitation of in ositol phosphates |nositol
_phosphates were separated by an ani on-exchange H PC system usi ng a Wat man
“Partisil 10[err] SAX colum in a Waters Radizl - Conpressi on Unit, enploying

a conpl ex amoni um phosphate gradient, pH 3.8 from 0-2M as descri bed

previ ously (24)REFDPINOESphosphat es were detected and quantitated using an

on-line [err]-counter (nodel CR, Radiomatic Instrunents). Al peaks were

i dentified by conparison with comrercial standards. Nucl eotide standards
AVP, ADP, and ATP wege run. .yt RLes,to €s88,GQol umm penfor mance.

Nor adr enal i ne Q]e't er ﬁ%‘[dl;%r]\\%n ”Z%@“‘E@Ff u%g]tsazc %fré‘ﬁ%ﬁs‘é“%: SHEArt perfusate
for noradrenal i pg3esds.1gatigmn were collected from

2. Berridge MI: Inositol triphosphate and diacylglycerol: two interacting second

messengers. Ann Rev Biochem. 1987;56:159-193,

3. Irvine RF: Is Inositol Tetrakisphosphate the 2nd Messenger That Controls
Ca2+ Entry into Cells. Adv Seéond Messenger and Phosphoprotein Res. 1992;26:161-
185.

4, Glennon MC, Shears SB: Tumover of Inositol Pentakisphosphates, Inositol
Hexakisphosphate and Diphosphoinositol Polyphosphates in Primary Cultured
Hepatocytes. Biochem J. 199.3 ;293:583-590.

5. von Harsdorf R, LAng R, Fullerton M, Woodcock E: Myocardial stretch
stimulates phosphatidylinositol turnover. Circ Res. 1989;65:494-501.

6. Kentish JC, Barsotti RJ, Lea TJ, Mullican IP, Patel JR, Ferenczi MA: Calcium
release from cardiac sarcoplasmic reticulum induced by photorelease of calcium or
= Ins(1,4,5)P3. Am J Physiol. 1990;258:H610-H615.

7. | Berridge M: Inositol trisphosphate and calcium signalling. Nature.
1993;361:315-325.

8. Zhu Y, Nosek TM: Inositol trisphosphate enhances Ca2+ oscillations but not

Ca2+- induced Ca2+ release from cardiac sarcoplasmic reticulum. Pflugers Arch.
1991;418:1-6.
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m nutes M. Sanples were anal ysed by H PLC and quantitated by

el ectrocheni cal detection as described previoyggly. (25). Ins(1,4,5)P3
Mass Anal ysis Mass of Ins(1,4,5)P[err] was néasured using a conpetitive

bi ndi ng assay (Anersham TRK 1000) éssentially as described previously (26).
Ventricle sanples were prepared as descri bed above except for the om ssion

of [[err]H -1Iabeb, durigicthe, Zhitayass TuPappanel ANEabdif! MrisphospBate PeHR61Es Na-Ca
and for the use of 5 nm ATP instead of &Hyt ate in the extraction procedure.

5 mm phyt at e was Exoange tGurnbby Kedepsingi Geleine frasy 3araomysmpie Rdticakiyain Cardiac
TCA pel ot ol | oM HEYIep Bltr el o PR modt 1 od Lowry method wi th .
Bovi ne Serum Al bum n as a -
10.  Woodcock EA, Smith Al, Wallace CA, White LBS: Evfdence for a lack of
inositol-(1,4,5)trisphosphate kinase activity in norepinephrine- perfused rat heart.
Biochem Biophys Res Commun. 1987;148:68-77.

11. Woodcock E, Suss M, Anderéon K: Inositol phosphate release and metabolism
in rat left atria. Cirs Res. 1995;(in press):

12.  Heathers GP, Evers AS, Corr PB: Enhanced inositol trisphosphate response to
al-adrenergic stimulation in cardiac myocytes exposed to ischaemia. J Clin Invest.
1989;83:1409-1413.

13. Corr PB, Yamada KA, Da Torre SD: Modulation of a-adrenergic receptors
and their coupling in ischaemic heart. Basic Res Cardiol. 1990;85:31-45.

14. Sharma A, Saffiz J, lee B, Sobel B: Alpha adrenergic-mediated accumulations
of calcium in reperfused myocardium. J Clin Invest. 1983;72:802-818.

15." Corr PB, Yamada KA, Da Torre SD: Modulation of a-adrenergic receptors

and their coupling in ischaemic heart. Basic Res Cardiol. 1990;85:31-45.

16.  Nakaoka H, Perez DM, Baek KJ, Das T, Husain A, Misono K, Im MJ,
Graham RM: G(h): A GTP-binding protein with transglutaminase activity and -

receptor signaling function. Science. 1994;264:1593-1596.

17. Im M-J, Gray C, Rim A: Characterization of a phospholipase C activity
regulated by the purified Dh in reconstitiution systems. J Biol Chem. 1992;267:8887-

§894. m
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.'3d. Statistics Values presented are nmean [err] SEM for n=4 unless
ot herwi se stated. Statistical analysis of results involved Students'
unpaired "t-test” for all InsP data.

-12- B) RESULTS Effects of global ischacmia2®n the accnul ation of
[[err]H -1 abelled insitol -
18. Bleasdale J, Thakur N, Gremban R, Bundy G, Fitzpatrick F, Smith R, Bunting

~ S: Selective inhibition of receptor-coupled phospholipase C-dependent processes in
human platelets and polymorphonuclear neutrophils. J Pharmacol Exp Ther.
1990;256:756-768. .

19.  Sheridan DJ: Alpha adrenoceptors and arrhythmias. J Mol Cell Cardiol.
1986;18:59-68.

20.  Shears SB: Metabolism of Inositol Phosphates. 4dv Second Messenger and
Phosphoprotein Res. 1992;26:63-92,

21.  Anderson K, Dart A, Woodcock E: Inositol phopshate release and metabolism
during myocardial ischemia and reperfusion in rta heart. Circ Res. 1995;(in press):
22.  Woodcock E, Tanner J: The preparation of samples for high performance

- liquid chromatography of inositol phosphates. J Chromatography Bzomed Appl.
1992;134-138.

’
r -

23. Woodcock E, Anderson K, Land S: Lyophilization can generate artifacts in .
chromatographic profiles of inositol phosphates. J Chromatogr. 1993;619:121-126.

-24. . Woodcock E, Anderson K: Inositol phosphates in rat atria and the importance
of the extraction procedure. J Mol Cell Cardiol. 1993:25:215-227.

25.  Eisenhofer G, Goldstein D, Stull R, Keiser H, Sunderland T, Murphy D,
Kopin I: Simultaneous liquid-chromatographic determination of 3,4-
dihydrophenolglycol, catecholamines and 3,4-dihydroxyphenylalanine in plasma, and

their responses to inhibition of monoamine oxidase. Clin Chem. 1986;32:2030-2033.
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phosphat es TCA &X{‘raetd=gtriLerr]Hinositol -1abel |l ed hearts contai ned
Conpodhds identified as Ins(1/3)P[err], Ins(4)P[err], Ins(1l,4)Perr] and
Ins(1,4,5 Perr] . As reported previously, [[err]H - Ins(l 3.4,5) P[err] and
its. nmetabolic products were not evident (Figupe 2a). Thirty mnute
perfusion with oxygenated nediumresulted in a tine dependent increase in
[[err]H - label in inositol phosphates (Figure 3). In contrast, gl obal
i schaem a caused an altered distribution of inositol phosphates (Figure
2b), while the 06t al DirodatN dBard{abEl InvareeRReThaRohyphgedtoindsitidh diyele BxiFisgor e

in | 1,4 : I 1,4 P .
e et bBhES s DR Bbhel bh Sl TOF A
ns(4)PLerr].  Sipgib{d fRRrERABESildAdcA dr ik ORIl dNas!ILe DRBARRBALES
wer e observed after mn of 1 schaem a. The real stribution process observed
under ischaem c aadkhigaredly ndisces IMitensdowianh ofProtem KirdegEnouhe uckus.eBRMEChE.
rel eased during ischaem a, as it was unaffected by both depletion of
nor adr enal i ne st1(§’r9é§0b’>207'e’§é?-pi ni zation, or by [err] adrenoceptor bl ockade
with prazosin. In contrast to nornoxic perfusion, total accunul ation of
nosi tol phosphates in
: 27.  Bird GS, Burgess GM, Putney JW: Sulfhydryl Reagents and cAMP-Dependent

Kinase Increase the Sensitivity of the Inositol 1,4,5-Trisphosphate Receptor in

Hepatocytes. J Biol Chem. 1993;268:17917-17923.

28.  Schomig A, Dart A, Dietz R, Mayer E, Kubler W: Release of endogenous
catecholamines in the ischemic myocardium of the rat. Part A: Locally mediated
release. Circ Res. 1984;55:689-701.

29. Gabev E, Kasianowicz J , Abbott T, McLauchlin S: Binding of neomycin to
phosphatidylinositol 4,5-bisphosphate. Biochem Biophys Acta. 1989;979:105-122.
30. Tysnes OB, Verhoeven AJM, Hoirhsen H: Neomycin inhibits agonist-
stimulated polyphosphoinositide metabolism and responses in human platelets.

Biochem Biophys Res Commun. 1987;144:454-462.

31.  DuX, Dart A, Riemersma R, Oliver M: Sex differences in presynaptic
adrenergic inhibition of noradrenaline release during normoxia and ischemia in the rat
heart. Circ Res. 1991;68:827-835.

32. Walker M, Curtis M, Hearse D, et al.: The Lambeth Conventions: guidelines
for the study of arrhythmias in ischaemia, infarction, and reperfusion. Cardiovasc

Res. 1988;22:447-455.
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nyocar di um r emapinedurchasged t hr oughout the 30 minute iscpr%réf?nucg pl,er'llog 0 7 O 2
studi ed, such that the decreases in [[err]H -1abel of Ins(1,4,5 P err] and
Ins(1l,4)P[err] could be accounted for by increases in the netabolic

products Ins(1/3)P[err] and Ins(4)P[err]. These data indicate that gl obal

i schaeni a causes an inhibition of Ptdlns-PLC?activity, such that no

i nosi tol phosphate rel ease occurs, even in the presence of locally high
concentrations of noradrenaline. Control of inositol phosphate rel ease

under i schaem c sgondifi,0B8; Mﬁn{oi@'{?%g’ép a@flil f,}galét’)“q\iflgﬁwla?ovﬁ'l %%mofhat

the altered metabolismof 1nosito tes’durond Ischaema’is n
rel ated either StaurdsporieeucpaepHnbibitohef phesphalipibATi2-+eddpendat prdtein heer |

concentration, g;gdgr t ,esg conditions. @t her, our studies indicated that
the change in i A& €H SI9R ’s‘pﬁ%‘t o 190 A4 expl ai ned sol ely by the
decrease in ATP content. Mbderate anoxi a reduced ATP content from8.3 |
34, Strasser RH, Braun-Dullaéus R, Walendzik H, Marquetant R: al-receptor-
independent activation of protein kinase C in acute myocardial ischemia. Mechanism

for sensitization of the adenylyl cyclése system. Circ Res. 1992;70:1304-1312.

3.5. Liscovitch M, Chalifa V, Danin M, Eli Y: Inhibition of neural phospholipase
D activity by aminoglycoside antibiotics. Biochem J. 1991;279:319-321.

36.  Heidbuchel H, Tack J, Vanneste L, Ballet A, Ector H, Werf FVd:
Significance of arrhythmias during the first 24 hours of acute myocardial infarction
treated with alteplase and effect of early administration of a B-blocker or a

bradycardiac agent on their incidénce. Circulation. 1994;89:1051-1059.
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- 13 - [err]moles/g dry weight to 4.5 0. 4 (mean [err] SEM n=3. p<.0 1)
and this resulted in a reduction in content of Ins(1.4)P[err] Lar
reductions in ATP (to 0.718 0.14). as occurs, |n gl obMed
in reduced Ins(1,4,5)Plerr] as well as Ins(1%)Plerr] B m\“\ﬁ““i\“
nmoder at e and severe i schaem a, could be nodell ed using W\ “I sATP .
generati on. utderNdndi ti ons of noderate i schaeni a, releask of
Ins(1,4,5 P[err] occurs in response to noradrenaline, the anbient |evels of
whi ch are high under these conditions. Reperfusion follow ng noderate
i schaeni a furthdr enhamsskbd forshe p&maﬁms(@emd@mmw)f caldité dy¥sdterin a
Ins(1,4,5)P3 rel ease occurs under ischaem c conditions

mammal said method comprising administering 10 said mammal an effective amount

of an agent capable of blocking formation or release of inositol (1,4,5) triphosphate

- (Ins(1,4,5)P5) in cardiac tissue.

2. A method according to claim 1 wherein the cardiac dysfunction is a cardiac
arthythmia.
3. A method according to claim 2 wherein the cardiac arrhythmia comprises

tachycardia and fibrillations of cardiac sites.

4, A method according to claim 1 or 2 or 3 wherein the agent inhibits or

prevents release of Ins(1,4,5)P; from phospholipid PtdIns(4,5)P,.

5. A method according to claim 4 wherein the agent is an aminoglycoside.

r
L4

6. A method according to claim 5 wherein the aminoglyoside is selected from
the list consisting of gentamicin, tobramycin, amikacin, netilimicin, kanamycin,

streptomycin and neomycin or derivatives thereof.
7. ' A method according to claim 4 wherein the agent is a polyamine.

8. A method according to claim 7 wherein the polyamine is spermine or a

derivative thereof,

9. A method according to claim 1 or 2 or 3 wherein the agent blocks the effects
of Ins(1,4,5)P;.

10. A method according to claim 9 wherein the agent blocks the Ins(1,4,5)P;
receptor.
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depends on the AIpR content of the tissue and thus on the severtljt 4of/ 0702

i schaem a. However, " enhanced rel ease is al ways observed wWth r ' ;
Ef fects of post-ischaem c reperfusion on the accunul ation H!l‘ mm“‘ﬁmmm
[err]H | abel l ed inositol phosphates Reperfusion with oxyge s s *
following 20 m nutes gl obal nyocardi al ischae@®a resulted in a rapid ‘-
I ncrease in accunul ation of [[err]H -1abelled inositol phosphates. This
activation was biphasicmethiot laceortdimgi d daieh 9 naeséignhe agel RILREA@RMEST i ng
between 1 and 2 in'nut es reperfusion, followed by a slow, quantitatively.
smal | er, seconda ’V(]aivclpmul ation which continued past 20 m nutes (Figure 4).
The rapid accunul ati on of inositol phosphates caused by 2 m nutes

post -i schaem c reperfasi on was dependent on the rel ease of endogenous

noradrenal i ne, a$2it Vemepod\eecdrdiheby Qaibol or @S6r Piwlerdis Gal sBAT is KintiHiskered by
5c). The release of [[err]H -labelled Ins(1,4,5)3 could be reinstated in

reser pi ni zed ani REALsPABIAIRL P BUGSAl afministtieRr | M nor adr enal i ne. Prazosin
(10 [err]M treatnment inhibited the 2 m nute reperfusion inositol

13. A method according to claim 1 or 2 or 3 wherein the effective amount is

from about 0.1 to about 100 mg per kilogram of body weight of the mammal.

14. . A method according to claim 13 wherein the effective amount is from about 5

to about 60 mg per kilogram of body weight of the mammal.

15. A method according to claim 1 or 2 or 3 further comprising the sequential or

simultaneous administration of an anti-arthythmia drug.

16. A method according to claim 15 wherein the anti-arthythmia drug is selected

from the list consisting of amiodorone, sotalol and lignocaine.
I d

17. A method according to claim 1 or 2 or 3 further comprising the sequential or

simultaneous adrinistration of an agent capable of effecting thrombelysis.

18. -- A method according to claim 17 wherein the agent is selected from the list

consisting of streptokinase, urokinase and tissue plasminogen activator.

19. A method according to claim 1 or 2 or 3 further comprising the sequential or
simultaneous administration of an agent which increases cardiac systolic and/or

diastolic function.

20. A method according to claim 19 wherein said agent is selected from the list

consisting of dioxin, dobutamine, nitrates, captopril, nifedipine and frusemide.

21. A method according 1o claim 1 or 2 or 3 wherein the mammal is a human.

This Sheet Has Been Replaéed

AT




pecrAU S 4 / U U702
adr enoceptors-—Thus;

phosphat e respenserdemenst-tati ng mediation via [err]-

the i medi ate reperfusion Ins(l 4, 5)P[err] response requi

rel eased noradrenaline and is nmediated by [err]- adrenoce;”“‘“ﬂﬂ I“ﬂl‘lmm

- 14- Even t hough the reperfusion Ins(1, 4, 42) Pl e nge wasmuca

by noradrenaline stinulation of [err]- adrenoceptors |t dlffered fromthe

E?; 21(::” CPﬁlel p:l g’.gzgog 1$i.1§<ggef9 LIS lﬁqggﬁé?%zcgmhugg%r rdedse o1 RS PE)Pa Y Rardiac
tlissue. ’

23.  An agent according to claim 22 wherein said agent inhibits or prevents release

of Ins(1,4,5)P; from phospholipid PtdIns(4,5)P,.
24.  An agent according to claim 23 wherein said agent is an aminoglycoside.
25.  An agent according to claim 24 wherein said agent is selected from the list

consisting of gentamicin, tobramycin, amikacin, netilimicin, kanamycin, streptomycin

and neomycin or derivatives thereof.
26.  An agent according to claim 23 wherein said agent is a polyamine.

27.  An agent according to claim 26 wherein said agent is spermine or a derivative
thereof.

28.  An agent according to claim 22 wherein said agent blbcks the effects of
Ins(1,4,5)P;.

29. An agent according to claim 28 wherein said agent blocks the Ins(1,4,5)P5

- receptor.

30.  An agent according to claim 28 wherein said agent is an antagonist of
Ins(1,4,5)P,.

-

-31.  An agent according to claim 22 or 23 or 28 wherein said agent further

comprises another anti-arrhythmia drug.

32.  An agent according to claim 31 wherein said other anti-arrhythmia drug is

selected ﬁ’bm/Wiodorone, sotalol and lignocaine.



%

was quantitati vehyrgkeabaimisecond, the profile of rel e | no
phosphates was different in that the primary rel ease produ “@
p

reperfusion conditions was Ins(1,4,5 P[err] whereas Ins(1, M“\“\m‘“\“‘

predom nat es under nornoxic conditions (11). ,Third, inositol osphat e
rel ease under reperfusion conditions was inhi'bi'ted by a nunber of conmpounds

whi ch did not inghibit rel ease upder nmxi ¢ condg%i as, .di scu din
detail bel ow (Table P “EC“‘I'W?&OEP% ﬁ%f:g‘”’r’ epe?™ 15 PbA r’&%‘ﬂﬂéé’ ragEy ﬁ’é@crt he
rentroduct] on Rbm@MYAS eorforeRPEphbR! Aril; H%)ho%{]»l) yefsee (N err]

saturated) nedium not ‘activate inosito e rel ease. This
finding is of great interest as recent reports indi cate t hat OXI dants
i ncrease the sen3|t|V|ty of Ins(1,4, 5 P3 receptors (27). Thus, \%vo
di fferent mecharfsms Al MENEAOMIARIR 4 ’ah’dwhﬁéﬂ’e‘é@é‘@”&@ﬁ%mtlﬁ\?Plfyled rom the

3 f
Ins(1,4,5)P Cagxsgé‘?r%hﬁ%%?%@ﬁgﬁk a&” di’?ﬁa%c‘lﬂﬁg%d%ggll s u%fgx Ddihiqens o

I schaem a and r usi o rehal 1 ne concen condl tions
of ischaem a and reperfusion Endogenous noradrenaline is known to

accunul ate in myqcardjal ext racgl | ul ay .space

, 35. An agent according to claim 22 or 23 or 29 wherein sa1d agent further

comprises a component which increases cardiac systolic and/or dlast.ohc function.

36.  An agent according to claim 35 wherein said component is selected from the

list consisting of dioxin, dobutamine, nitrates, captopril, nifedipine and frusemide.

37. A pharmaceutical composition useful in the prophylaxis and/or treatment of
cardiac dysfunction comprising an agent capable of blocking formation or release of

Ins(1,4,5)P; in cardiac tissue together with one or more pharmaceutically acceptable

carriers and/or diluents.

¥
38. A pharmaceutical composition according to claim 37 'Wherein said agent

inhibits or prevents release of Ins(1,4,5)P; from phospholipid PtdIns(4,5)P,.

39. A pharmaceutical composition according to claim 38 wherein said agent is an

- aminoglycoside.

40. A pharmaceutical composition according to claim 39 wherein said agent is
selected from the list consisting of gentamicin, tobramycin, amikacin, netilimicin,

kanamycin, streptomycin and neomycin or derivatives thereof.

41. A pharmaceutical composition according to claim 37 wherein said agent is a

polyamine.

42. A pharmaceutical composition according to claim 41 wherein said agent is

spermine or a derivative thereof. as Been Replaced -

\\\\\\\\\\\\\\\\\\\\\\l\\



undér ischaeni c *COHAPTTEHS"T28). In the current studie adr en
concentration was nmeasured in the tissue and surroundi ng ‘“m‘““‘“m\““\
verify such accunulation in the inventors' nodel. Control m“
(9.87[err]1.54 x 10[err] M were sanpled follygw ng 10 m nut'es ek rcul ating
perfusion with Krebs' nedi um containing propranolol and Lid prior to

initiation of isghaem ;}mr%@acsmmt esmahSha aé&mﬁg% %mﬁllﬁﬁ@h%nﬁ%wgt Ation

of noradrenaline within the nyocardial extracelltlar space (8.19 [erf] 2.03
x 10[err] M. ThitdodkernbdeHeas phinsih4,5)B].eased rapidly with reperfu5| on and
| evel s remai ned el evated at 2 mnute reperfusion (1.26 0.28 x 10[err] M,
al though diluted around 40 fold when released into the 10 m recircul ating

perfusate. Perf te Rk dnesl % [ i ng
20 ‘m nut es reper u3| oﬂn%z“%q%% Bag X %?el?rr] Bﬁq’?tl atélcg‘?/llél ng?[ﬂ%l}é} %agr egét'{ﬂtf rom
those of contr olidodis>the Bs(1 M5 RBdreepptor.ne concentrations in the perfusate
after 2 mnutes reperfusion averaged

45. A pharmaceutical composition accbrding to claim 43 wherein said agent is an

antagonist of Ins(1,4,5)P.

46. A pharmaceutical composition according to claim 37 or 38 or 43 wherein said

agent further comprises another anti-arrhythmia drug.

47. A pharmaceutical composition according to claim 46 wherein said other anti-

arrhythmia drug is selected from the list consisting of amiodorone, sotalol and

lignocaine.

48. A pharmaceutical composition according to claim 38 or 39 or 43 wherein said

. r .
composition further comprises an agent capable of effectingthrombolysis.

49. A pharmaceutical composition according to claim 48 wherein the agent is

selected from the list consisting of streptokinase, urokinase and tissue plasminogen

- activator.

50. A pharmaceutical composition according to claim 37 or 38 or 43 wherein said
composition further comprises an agent which increases cardiac systolic and/or

diastolic function.

51. A pharmaceutical composition according to claim 50 wherein said agent is
selected from the list consisting of dioxin, dobutamine, nitrates, captopril, nifedipine
and frusemide. -
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1.54 0.5 x 10[ BFFymiihséygbr-Eoncentrati ons are not effective ign4s'/i rQJIQitZ FQJ 2
i.nosi tol phosphate rel ease from non-ischaem ¢ nyocardium This denonstraics
an increased sensitivity or availability of ventricular [err]-adrenoceptors
during 2 mnutes post- ischaemc reperfusiongyPrevious studies in the
inventors' |aboratory have shown that nerve stimulation of non-ischaemc
myocar di um produces little increase in Inositol phosphate accumul ati on.
Thus, cardiac [err]-adrenoceptors responds to neuronally rel eased
noradrenal i ne ofly ulkenfanngdeit whishdlodks dbaedtioa @nelcasnef frigcl,H8)P, inFfatdiad
of am nogl ycosi des gon the reperfusion- jnduced [E.err] H -1 abell ed I'nositol
phosphat e r espoH&®CThANGARBGFYED ] aanedicamsnbiorctha drsaiasmi o psophedaxiswed sardiac
characteri sed aﬁnﬁﬂhﬁﬁ‘@ bitor of Ins(1,4,5)P[err] release (29)(30). The
ef fects of neomycim on the 2 mnute reperfusion-induced [[err]H]-Iabelled
| nosi tol phosphate response were investigated. '

53. A use according to claim 52 wherein the agent is an aminoglycoside.

A use according to claim 52 wherein the agent is a polyamine.
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NeorryC| n (0.05 mN)«pioaditled & nutes prior to ischaem a ané nai nt ai neQ / 0 2
throughout the procedure, did not significantly inhibit the accumul ation of
[[err]H - labelled inositol phosphates. Hi gher concentrations, 0.5 mM and 5
mM produced a 45% and 55% average i nhibiti (_)ngo_f [[err]H] -Ilabelled Inositol
phosphat e accunul ation respectively, conpared wth 2 mnutes post-ischaemc
reperfusion in the absence of neonmycin (Figure 6). These results are
different fromfindings in healthy heart tissue where 5 nM neomyci n caused
a 20% reduction in accunulation of [[err]H Ins(1,4,5 P err] but was w t hout
effect on the accunul ati ons of I|nositol phosphate[err] and I nositol

. phosphate[err]. Lower concentrations were ineffective. These data indicate
an increase in sensitivity of myocardial tissue to neonycin of nore than 10
fold during-post- ischaem c reperfusion. Subsequent experinents were

- performed to establish whether this inhibggargreftect of neonycin was a

cl ass effect of ami noglycosides and if so whether other nenbers might have
hi gher potency. Streptonycin and gentam cin were chosen for these studl es

with a viewto i ng avail abl.e plasm ass sfor t.udi es.

Shown i n Tabl o LBOERTHURETY e BB Roh st oo PR S

tnhibitors of  compositions useful in, the prophylaxis and/or treatment of cardiac dysfunction in a
mammal by the administration of an effective amount of an agent capable of
blocking or inhibiting the effect or release of inositol(1,4,5)frisphosphate in cardiac

tissue.
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reperfu5|on i nduced Ins(1,4,5)P[err] rel ease than neonycin. Thus,
I nhi bition of reperfu3|on |nduced Ins(1,4,5)Pferr] release is a cl ass

effect of the an1no cosi des.
-16 - As shown i J the polyanine, spedf§ne, also was tested and

shown to be inhlbltory. More recent studies have investigated the
possi bl e contribution of thronmbin to the reperfusion arrhythm as. The
studi es described above used nedi um perfused hearts.
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However, in vivo nyocardial ischaem a and reperfusion are associated with
l.ocal high concentrations of thronbin associated with the thronbus
formation respongijpt r~the occl usion. Recefnq studies from ot her
| aboratori es have pornted™to a direct pro- arrhythmc effect of the
t hronbus in vivo. Studies in the inventors' |aboratory have shown that
thrombin directly stinmulates release of Ins(1,4,5 P[err] in heart tissue
and that this release is inhibited by gentamcin at simlar concentrations
to those required for inhibition of the noradrenaline response under
reperfusion conditions. In sunmary, reperfusion of hearts follow ng
gl obal ischaeni &5 CpQ@s—etease—of-lns(1 4 B)P[err] and this can either be

effected either by neurgnally rel eased noradrenaline or by thr KN
of these agents woul d bg expected to be present in the heartﬁJﬁggp 11%8%?
i schaenic conditions in|vilo. ERAVPLE
2 MYIOCARDI AL FUNCTION I N VITRO A) METHODS
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Reperfusmn i nduced arrhythmas in in situ perfused rat hearts A nodel of
isn situ perfused rat hearts subjected to 20 m nutes coronary artery
occlusion to |ngzmh@ema fol |l oned by re erfu5| on was used to
i nvestigate N i nduced arrhyt hm as? Rats (250-300g) were
anaest heti sed (pentobarbitone 60ng/ kg, |.P.) and heparini sed (200U rat
.V.) The thorax was then opene& and a neta eapnula (1D ‘Emr) i nserted

and tied into the ascending aorta, to co nce Langendorff. perfusion in
situ (31). The interval from openﬁhg t he /chesit to commentd ng heart
perfusion was between 50 and 70 s&Zonds./ The |perfusate Sas Krebs buffer,
with coronary flow controlled by al Ismat/ac perbstaltlccpmrp at a rate of 5
m /g heart weight/mn for the non-L%cha C 0 o
m.v—l
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-17-" perfusion. At this flowrate the coronary perfusion pressure was

het ween 32-38 mHg, neasured by pressure transducer (Gould Statham nodel
p23) connected tﬁm i S{garm of the perfusi O)J:lé ine. Followi ng aortic
cancel | ation, pu @E ssels were tied of f4/8 n sone preparations,
ventricul ar pressure was nmeasured by inserting a MIlar mcro-tip
transducer catheter into the left ventricular cavity viga the apex. All
paranmet ers- coronary perfusion presdu®e, ventricul ar “prressure, agd C

epi cardi al ECG were constantly record\Sd on a Grass del 7 pol v@t aph. Two
hearts were perfused and sinmultaneousl y st udi ed. A-si | k suture%r(é}::O) was
positioned | oosely around the |eft corq_ﬁary artery 2-8 mmfromi 'q-%s Qrigin.

Two silk releasing rings were pl acedlwvg‘e suturle for subseguent

rel ease of occlusion. Successful ggclusion he artery, induci @grgegi onal
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|schaema was indicated by increases in coronary perfusion pressure of at
| east 30% Perfusion pressure was adjusted to non-ischaem c perfusion

| evel s during th chaenic peri od. Drugs were added to the perfusion via
a Harvard Mbdel giG?ld RE The drug flow was | €98 than 1% of perfusion flow
to ensure constant perfusate parameters. Unless mentioned otherw se, the
drugs were present 10 m nutes before, and during the entire i schaem ¢ and
reper fusi on peri ods. Heart preparations were allowed to stabilise for at
| east 20 m'nutes prior to commenci ng studies. Follow ng 10 m nute drug

i ncubation, the left coronary artery was ligated to induce |ocal ischaem a,
for a period of 20 minutes. At the end of this ischaemic period, the
ligature was released and hearts perfused at Pre-ischaenic flow fOrs a

period of 5 mnutes. Ventgicular arrhythm as,zoccurring during .c:sch‘aem a or
during the first 2 m nutesoof reper fusion w(zlre defined accordi ng ffa;the
Lanbet h Conventions (32).: ]
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Statistics Incidence of arrhythm as was anal ysed using a [err]2 test wth

n [err] 8 for each group. © B) RESULTS Effects of am nogl ycosi des
‘on reperfusion- induced arrhythm as
FIGURE 6 6/8
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The inityal reperfusion-induced rel ease of the second nessenger
Lns(1,4f5)P[err] occurs at a tine point associated with reperfusion-induced
arrhyt hm as. gﬁ?&ﬁﬂiibi consi derations outtb?ed above, this suggested a
possible role f 5 P[err] in the de opnent of arrhythm as.
Therefore, reperfusion-induced arrhythm as were quantltated and the
effects of conppomos™w . e 1 ns / Pr el Feoponse anaer

hese conditi onp were i nvestigated.  An ischaem ¢ nodet of coronary
occlusion and s bsgdbqﬂa reperfusion in in situ perfu d rat hearts wa
used, and provi fed percentage of ventricul ar ythnias under—bogh
|schaen1c and r gpe S condi tions. Twenty m nutes r aen1. e‘
coronary arteryjoc st resulted in 83% (10/12) incl ence of '
in Table 2, rep@rfusjoQ followng this ischaem c peri resul ted in VT -qd
degenerative VF in‘ﬂB &M of the 12 rats studied. In cases{? a |l arge

nunber of prena.ur;;;sg;a;cular beats were observed. ne of[lbe hemrt 8
whi ch becane ar th VT and subsequent VF recdver ed eéeHi Ng the' 5

oi nut e reperfu3|on(E)r<:y st udi ed. - O |
L > | | 3
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The éfigg{g of neonycin on these reperfu5|on I nduced arrhythn1as are shown
in tabl g 2. Neonycin at 0.05 nM had no significant effect on the induced

arrhytfim as wit hFpGIURPRIQ8 rats studi ed show both severe VT and VF

t hr oyghout repertfusion. In contrast, and in parallel with [[err]H]-Iabelled

I nogi t ol phosphate studies, higher concentrations of neomycin (0.5 mV)
prevented the occurrence of reperfusion- induced arrhythmas wth none of

e 10 rats studied exhibiting VI or VF. Simlar effects were observed with

-5 mM neonycin. The iphibition of reperfusion-induced arrhythm as by
neonyci n was i ndependent of any haenbdynam C effecis as hea €

ventricul ar pressurel while dropping upon init ET i ntroduction of thg. ~ug,
recovered to | evels n%%d5|gnlflcantlyldlffer|q?sfron1control d the 10
Il nute i bat i t
m nut e incubation pe-r_l_ Q.u.or o occl usion
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-19-  Asjis SYHRUWACED Terd, stg@pto cin, gentapig
i phi bi t erieperifitsi opngad I hythpi Ag I'n a;r allel wt
reperf usidrcibndsced: ﬂagéﬁ.a&,Q'mJ RSl 4. 5) Plerr].

pot ent * agi@mtratvest§d QJ:CJ owed, b tréptonycin. At / s)cgneent
gent am cin and,st remg cin.a 46  priodyced- a -parti pl%i ‘isiintit | orpeghd .2
i hni.as . occuru,ng, ury ng " P& ischaen ¢ phase.: These data further

'r ,v-r-.

'Spﬁ d, ;
U FectE B

ey TRN f tf-i-b by | 1,4 5Prereke mrthm# _ 5
ﬂﬁ? @ﬁgg Tt)% ?o Trt fa‘)off:lpF{ar{e}n![ F; egsegffar rol)epfl njr—e%}e‘r'fmrﬁn»'--: et
r hytgn&étsﬁq% huph, MR G FOR JRBSTIDG SARRFAC DYSFUNCTION AND f
h t t I er fusion
P o« DTSRI Re §P(“5E§’é?? 30 éﬁﬂ{hmﬁ%‘w

The present .invention relates generally to a method for, and pharmaceutical
compositions useful in, the prophylaxis and/or treatment of cardiac dysfunction in a
mammal by the administration of an effective amount of an agent capable of
blocking or inhibiting the effect or release of inositol(1,4,5)srisphosphate in cardiac

tissue.

Bibliographic details of the publications numerically referred to in this specification

are collected at the end of the description. )

Throughout this specification, unless the context requires otherwise, the word
"comprise", or variations such as "comprises" or "comprising", will be understood to
imply the inclusion of a stated element or integer or group of elements or integers

but not the exclusion of any other element or integer or group of elements or

integers.

The phosphatidylinositol (PtdIns) turnover pathway is a complex signal transduction
system that mediates a diverse range of neurotransmitter and hormone induced

. responséé in a great variety of cells (1). The pathway usually involves the receptor
mediated hydrolysis of 2 membrane phospholipid
phosphatidylinositol(4,5)bisphosphate (PtdIns(4,5)P,) by a specific phospholipase C
(PLC) causing the release of two well described second messengers sn-1,2-
diacylglycerol (DAG) and inositol(1,4,5)risphosphate, hereinafter denoted as
Ins(1,4;5)P3. DAG activates protein kinase C (PKC) and Ins(1,4,5)P; releases
calcium from specific intracellular stores. The two arms of the pathway either
separately or in concert, control a wide range of cellular responses including
contraction, secretion and mitogenesis (2). Ins(1.4,5)P, is metabolised rapidly within
the cell by dephosphorylation via Ins(1,4)P, to Ins(4)P, and by phosphorylation to

Ins(1.3,4.5)P,. which is further metabolised 10 produce a wide range of inositol
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condi tions (Q%ngq]l(q)not significantly alter the percentage incidence of

reper f usi on-I'Aduced' arrhyt hm as fromuntreated controls as shown in Table
1.

The PtdIns pathway in the heart is activated by a,-adrenergic and muscarinic
receptors, endothelin and stretch (5). Compared With non-muscle tissues, the heart is
insensitive to Ins(1,4,5)P; in terms of calcium release (6), with the addition of high
concentrations of Ins(1,4,5)P; causing a slow leakage of calcium rather than the rapid
release seen in most cells (7). In addition, Ins(1,4,5)P, enhances calcium oscillations
which are associated with the development of arrhythmias (8, 9), but not calcium

induced-calcium release, the mechanism involved in excitation-contraction coupling.

The present inventors have previoﬁsly reported that PtdIns turnover pathway in the
heart differs from that described in non-muscle cells. In heart, phosphorylation
products of [3H]Ins(1,4,5)P3 are barely detectable, indicating reduced Ins(1,4,5)P5
kinase activity (10). More recent studies have shown that little Ins(1,4,5)P; is
released and metabolised either by phosphorylation or dephosphorylation and that
most of the accumulated inositol phopshates derive from Ins(t,4)P, rather than
Ins(1,4,5)P; (11). These findings suggest that Ins(1,4,5)P; does not play a major
role in the healthy heart. -

However, there is evidence that the PtdIns pathway and Ins(1,4,5)P; may be more
important under pathological conditions such as myocardial ischaemia and
reperfusion. a-Adrenoceptor stimulation, which is associated with inositol
phosphate release, is capable of inducing arrhythmias both ventricular tachycardia
(VT) and ventricular fibrillations (VF) during both ischaemia and reperfusion. Such
responses are not observed under normoxic conditions. Ischaemia has been reported
to increase o,-adrenoceptor density in a number of myocardial preparations (12) as
well as increasing responsiveness to noradrenaline stimulation (13). Reperfusion of
ischaemic myocardium, is associated with large calcium accumulations, apparently
associated with o;-adrenoceptor stimulation (14). These calcium accumulations have

been implicated in reperfusion-induced injury. Furthermore, o -adrenoceptor
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blockade. by & number of antagonists, has been shown to be anti-arrhythmic unde:’

both ischacmic and reperfusion condition (15).

In work lcading to the present invention, detailed studies were carried out in isolated
perfused rat hearts to determine and characterise the effects of ischaemia and
reperfusion on the PtdIns turnover pathway, and to investigate a possible functional

role for the second messenger Ins(1,4,5)P; under these pathological conditions.

It was surprisingly discovered that reperfusion with oxygenated medium after global
ischaemia caused a rapid and quantitatively large rise in Ins(1,4,5)P; which could be
correlated in time with the obsérved development of arrhythmias. Furthermore, it
was observed that by blocking the formation of Ins(1,4,5)P; in the heart, using the
aminoglycosides neomycin, gentamicin or streptamycin (being agents known to
inhibit the formation of Ins(1,4,5)P;) it was possible to completely abolish, or

significantly reduce arrhythmias occurring following reperfusion of the ischaemic
heart.

Accordingly, one aspect of the present invention contemplates a method for the
prophylaxis or treatment of cardiac dysfunction in a mammal said method comprising
administering to said mammal an effective amount of an agent capable of blocking

formation or release of Ins(1,4,5)P; in cardiac tissue.

Another aspect of the present invention is directed to a pharmaceutical composition
useful in the prophylaxis and/or treatment of cardiac dysfunction comprising an agént
capable of blocking formation or release of Ins(1,4,5)Pl3 in cardiac tissue together

with one or more pharmaceutically acceptable carriers and/or diluents.

Yet another aspect of the present invention relates to an agent for use in blocking

formation or release of Ins(1,4,5)P; in cardiac tissue.

Still yet another aspect of the present invention is directed to the use of an agent

which blocks formation or releasc of Ins(1,4,5)P; in cardiac tissue in the manufacture




5 nM neonycin 104 + 12 <025 0 <005 0 <005 0.5

M sper m ne

sperm ne 160 + 9 <05 - 30 <025 20 RE?LACEWWTZ v
[err] g/ kg) 128 + 28 <05 40 ns 10 2""1 0015 '
mM gent a 145 + 2. <0.05 58 £025 © 25 035 1904
genta - 136 + 22 <0.05 27 <H5 - 27 <X 2908},

t 102 + 17 <0.0Q1 17 <025 .. <0R5 0. 016—+iv
gte peg 20 f? R Tejicnmcmr{gr 8}6 treaupgnt or propllgﬁams of cgﬁ?ac arhytiypl- 0 15 mvi
strep 167 + 5 <0. 05 25 <. 025 6 <025

182 + 4 ns 63 ns 36- 3 SmO2 5 51T

Optionally another anti-cardiac dysfunction agent such as an anti-arrhvthmic drug is
administered in combination with agents which block or inhibit the effect or release
of Ins(1,4,5)P; Such agents including, but not limited to, agents which induce
thrombolysis for example, streptokinase and tissue plasminogen activator or other

anti-arrhythmic agents for example, amiodorone, sotolol and lignocaine.

In a preferred embodiment, the mammal is a human, a livestock animal such as a
sheep, cow, horse, donkey or pig or a laboratory test animal such as a mouse, rat,

rabbit, guinea pig, cat or dog. Most preferably, the mammal is a human.

The term "cardiac dysfunction" is used in its most general sense and rélates to any
condition which causes a reduction in effective pumping action of the heart such that
tissues are inadequately perfused. More particularly, it covers or may result from the
following conditions: cardiac arrhythmia, cardiomyopathy, allograft rejection
(cardiac), coronary angioplasty, cardio-pulmonary by-pass surgery and
electrophysiological studies. The present invention is particularly directed to the
prophylaxis and/or treatment of cardiac arrhythmia. Reference hereinafter to cardiéc

arrythmia should be taken as covering all conditions contemplated above.

- The pr-t_zéent invention is described in detail hereafter in terms of the effect of

Ins(1,4,5)P; inhibition in rat cardiac tiss_ue. However, it is understood that it extends
to the effect of the Ins(1,4,5)P; inhibitor in all mammals and in particular humans
and livestock animals. Accordingly, any reference herein to the effect of Ins(1,4,5)P,
inhibition in rats is meant to be applicable to the effect of Ins(1,4.5)P; inhibition in

all mammals and in particular humans and livestock animals.

The term "cardiac arthythmia" is used herein 1o denote conditions in a mammal
where there is an irregular heart action caused by physiological or pathological
disturbances in discharge of cardiac impulses or their transmission through the

conducting tissue of the heart, and includes tachycardia and fibrillations of particular
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cardiac sites. including but not limited to, atrial, essential, nodal, pgroxysmal atrial.

paroxysmal nodal, paroxysmal ventricular, polymorphic ventricular, reflex and sinus
and ventricular fibrillation. Accordingly, the treatment of cardiac arrhythmia is taken
{0 be returning or maintaining the regular action of the heart by the administration of
an effective amount of an agent which blocks or inhibits the effect or release of
Ins(1,4,5)P for a time and under conditions sufficient to maintain, or return, the
regular action of the heart. Cardiac arrhythmia may occur following a disease
condition or result from trauma or therapy and the present invention is not limited to
any one or more causes of cardiac arrhythmia. Typically, cardiac arrhythmia will
occur following myocardial infarction, as a consequence of reperfusion following

cardio-pulmonary by-pass surgery, and in patients having unstable angina.

The present invention also extends to preventative therapy whereby an agent which

blocks the effect or release of Ins(1,4,5)P; is administered to prevent or reduce the

likelihood of cardiac arrhythmia developing.

The agents capable of blocking the effect or inhibiting the effect or release of
Ins(1,4,5)P; which are used in accordance with the present invention include, for
example: _
6)) agents which affect the biochemical release of Ins(1,4,5)P; from the
phospholipid PtdIns(4,5)P, to cause reduction in Ins(1,4,5)P5 formation. Such
_agents include the class of compounds known as the aminoglycosides, for
.example; gentamicin, tobramycin, amikécin, netilimicin, kanamycin,
streptomycin and neomycin or derivative thereof, and the class of compounds
known as polyamineé, for example; spermine or derivative thereof as well as
agents which bind the phospholipase C (PLC) enzyme to produce inhibition;
and ' _ '
(i)  agents which block the effects of Ins(1,4,5)P,, for example, agents which

block the Ins(1,4,5)P receplor, or antagonist molecules to Ins(1,4,5)P;.

Accordingly, in one preferred embodiment, the present invention provides a method

for treating or preventing cardiac arrhythmias in a mammal which method comprises



m nutes after comrencing reperfusion following 20 mn glob ' 'gﬂﬂwﬁm SHT.‘:ET
and % i ncidence of ventricular tachycardia (VT) and ventrig - r—

fibrillation (VF) in the experinental group (n > 8). Pertusisils to hr@-(@&()
was given by I.P. injection 48 h prior to experimentation. [ Gen
gentamcin, "strep" is streptorrym n and "stauro” is staurospofine.

Statistical analysis: of | ns( 1,4,5) P[ err] Miss data was perf rmed using _
Student's unpajred "t" ,%Wmu -----
Lest. e b 570, SaRLE VB8RRI bR R

of phosphol i padefdel 8ddhiciR Sdhi@enfBUnEdNIAE leaddikt R IRSiOf
phosphati dylinositol -specific phospholipase C have been avail abl e. However,

one conpound, a steroid derivative known as U 73122, has been shown to

i nhi bit PLC_nl? @r | Olf Or NB. 'As eﬁ%)l.ai ned ﬁ]ltgove this. aﬁ ent 1d .not inhibi't
rel ease of |InsF B)‘ﬁ%‘?‘ﬂog SEOFIAT 4% 015, RGTE SIPWR SOmPHYRE CEREIER Wi t hout
anti- arrhyt hﬂ&bfmﬁm, \ahiiNacid NRIGnHSEhak&aeh T, BRploRREin, Red@btif of derivatives

thereof. Even more preferably the aminoglycoside is neomycin or derivative thereof.

In a most preferred embodiment the amino glycoside is gentamicin.

In a further preferred embodiment the invention provides a method for treating or
preventing cardiac arrhythmias in a mammal which method comprises administering
to said mammal an effective amount of a polyamine molecule for a time and under

condition sufficient to modulate cardiac arrhythmia.

Preferably, in this aspect of the invention the polyamine is spermine or its

derivatives. In a more preferred aspect the polyamine is spermine.

Furthermore, the route of administration of the polyamine or aminoglycoside or other
agent bIochg or inhibiting the effect or release of Ins(1, 4 S)P». is preferably by oral,
parenteral or buccal administration but ottier routes may be equally applicable with
only minor modifications to the methods contemplated herein. The effective amount
of the agent will depend on the mammal and the condition to be treated, however,

- the amount to be administered to the mammal will need to be non-toxic. In general,
the effective amount of agent will be a daily dose in the range of 0.1 — 100 mg/kg,

more preferably 1-100 mg/kg and even more :preferably 5-60 mg/kg.

Pharmaceutically acceptable carriers or diluents for use in the composition of this
invention are well known to persons skilled in the art, and by way of example are
described in Remington’s Pharmaceutical Sciences, 18th Edition, Mack Publishing

Company, Easton, Pennsylvania, USA.

The method and pharmaceutical compositions described in accordance with the

present invention will be useful inter alia in the treatment or prevention of cardiac
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Taken together, the data derived froma number of different cofpounds show . HE:
that inhibition of release of Ins(1,4,5) P[err] causes an inhibjt{on of
reperfusi on arrhyt hm as. Arrhythm c effect of thronbin under|repeyduptrmgs
conditions The finding that thronmbin .directly stinulated rel eage|of
Ins(1,4,5) P[err] in heart indicates the pogsibility that thronpi ~—ght
cause arrhythmas directly via this nechahism Experinents wer¢ perforned
using hearts fromreserpinized rats so that arrhythm c events jnilTated by
nor adr enal i neVHEHENEF ORSUTHDR @S AREPBY PLISITHINS SHFHCH HFPESURSs & WHerisBger ved i n
hearts from rcescg[“pidry,"z >d ani mal s. However, when thronbin (2 Um) was added
to the perfusé‘f A hl“@ “incidence of reperfusion arrhythm as was observed.
Furthernore, these arrhythm as were inhibited by gentam cin, indicating a
relationship to release of Ins(1,4,5) Perr] (Table 2).

Agents capable of blocking formation or release of Ins(1,4,5)P, are generally first

tested in vimro in perfused heart tissue such as isolated perfused rat hearts. Potentially
useful agents are then tested in vivo in a small animal model, such as rats, mice,
guinea pigs or rabbits. Agénts which aré still of potential interest following this
initial in vivo scréen may then be tested in a larger animal model such as dogs,
horses, pigs or mini-pigs. Clinical trials in human subjects may then follow using
agents which still show signs of useful activity. A suitable protocol for clinical trials

of anti-arrhythmic agents is described by Heidbuchel er al. (36).

The present invention is further described by the following non-limiting Figures and

Examples.
In the Figures:

Figure 1 is a diagrammatic representation of the phosphatidylinositol turnover

pathway. The pathway predominating in heart is boxed.

Figure 2 shows HPLC profiles of TCA extracted inositol phosphates from isolated
perfused rat hearts. | _
A: control heart; B: heart subjected to 30 minutes global myocardial ischaemia.

Long arrows indicate elution position of nucleotide standards.

Figure 3 is a graphical representation showing the accumulation of 3H-labelled
inositol phosphates in cpm/mg protein in isolated perfused rat hearts subjected to .

increasing periods of global myocardial ischaemia.

Figure 4 is a graphical representation showing the accumulation of 3H-labelled

inositol phosphates in isolated perfused rat hearts subject to ischaemia and subsequent

reperfusion following a 20 minute ischaemic period.
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Figure 5 is a graphical representation showing accumulation of individual K-
labelled inositol phosphates in isolated perfused rat hearts subject to noradrenaline
~stimulation (A) ischaemia and reperfusion (B) and ischaemiz and reperfusion in the

presence of reserpine (C).

Figure 6 is a graphical representation showing the effect of various neomycin
concentrations on *H-labelled inositol phosphate accumulation within 2 minutes
reperfusion following 20 minutes global ischaemia as a percentage of untreated 2

minutes reperfusion response.

Figure 7 is a graphical representation showing the accumulation of 3H-labelled
~ inositol phosphates in cpm in neonatal myocytes. Note the low levels of
Ins(1,4,5)P5.

Figure 8 is a graphical representation showing the accumulation of >H-labelled
inositol phosphates cpm in adrenal glomerulosa cells. Note the low levels of
Ins(1,4,5)P;. '

EXAMPLE 1
INOSITOL PHOSPHATE EXPERIMENTS

The inositol phosphate response in heart . _

-Earlier studies in the inventors’ laboratory showed that the pathway of inositol
phosphate release and metabolism in heart tissue was different from that in other cells
in that products of dephosphorylation of the Ca2+-releasing messenger Ins(1,4,5)P;
were observed but the phosphorylation products were not (10). The metébolic_
pathways involved are shown in Figure 1. Subsequent studies provided an
explanation for these findings by demonstrating that the primary release product of
phosphatidylinositol-specific phospholipase C-.(PLC) in heart was Ins(1,4)P, rather
than Ins(1,4,5)P; (11). This suggested that heart tissue avoided the generation of

Ins(1,4,5)P, and provided the basis for the current studies. More recent studies have
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couples receptors to typical GTP-binding proteins (17). To further test the
association of Gh with the cardiac inositol phosphate pathway, effects of an inhibitor
of PLC-B was investigated (18). This compound, U-73122, did not inhibit the
accumulation of inositol phosphates in heart tissue under noradrenaline stimulation
but was a- fully effective inhibitor in isolated neonatal cardiomyocytes which lack Gh
‘and have an inosito] phosphate metabolic pathway indistinguishable from non-muscle
cells. Thus, the phosphatidylinositol turnover pathway in heart tissue differs from

that in other cell types in a number of important aspects.

The inventors investigated the possibility that some alteration in the pathway was

responsible for the arrhythmic action of o;-adrenergic agonists under conditions of

myocardial ischaemia and reperfusion.

A) METHODS

Inositol phosphate response in isolated perfused rat hearts

Adult male sprague dawley rats 250-300g were used. Where indicated, rats were
treated with reserpine (5 mg/kg I.P. for 18hrs prior to killing) to deplete endogenous
noradrenaline stores.. Rats were heparinized 1U/g I.P. 30 minutes prior to killing by
decapitation. Hearts weré rapidly excised and immediately chilled in ice-cold saline.
Unde1: ice-cold solution, hearts were cannulated via the ascending aorta as described
by Langendorff and perfused retrogradely at a rate of 5 ml/min with HEPES-buffered
Krebs solution equilibrated with 5%CO0,-95%0, at 37°C. Initial perfusion was in 2
non—recirculéting manner to remove intefnal blood. Hearts were alI_owed to warm up
gradually and, when free of internal blood, transferred to a 37°C water-jacketed
organ bath containing carbogenated Krebs medium, and perfusion continued in a
recirculating manner. Following a 15 minute equilibration period, hearts were
labelled with [>H}-inositol, 2 uCi/ml for 2 h. Hearts were monitored throughout the

labelling period for strong rhythmic beating. Any hearts which did not fulfil these

requirements were discarded.
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2 9 OCT 1996 i1 Krebs medium containing propranolol (10°¢ M) and"1Bium chloride (50 mM) to
block B-adrenergic receptors and to inhibit InsP metabolism by InsP 1'-phosphatase
respectively (20). Hearts were perfused with propranolol, LiCl solution for 10
minuies prior to ischaemia. Antagonists, when administered, were included in this 10
minute preincubation. Nofmothermic global ischaemia was induced by terminating
perfusion for various times up to 30 minutes. Reperfusion was examined following a
20 minute ischaemic period by resuming perfusion at 5 ml/min. Reactions were
terminated by freezing hearts in liquid N, following excision at the airioventricular
junction. Frozen ventricles were weighed and inositol phosphates extracted as

described below.

Extraction of inositol phosphates

Inositol phosphates were extracted from ventricle samples in 3.5 ml ice-cold 5%
trichloroacetic acid (TCA), 2.5 mM EDTA, 5 mM phytate solution, as described
previously (21). Briefly, ventricles were homogenised with two 10 second passes of
a “Polytron” homogenizer separated by 15 second periods on ice. Samples were
homogenised further using a Potter-Elvejheim homogeniser 'f"ollowed by brief
sonication. Homogenised samples were centrifuged (5000 rpm, 10min, 4°C) to
remove TCA insoluble material. Supernatants were collected, and the remaining
pellet re-extracted in 1.5 ml TCA, EDTA, phytate. Supernatants were pooled and
ffeor;,_ ﬁi~n—ocylamine (1:1 v/v 0.75 ml:1ml TCA solution) was added, mixed
thoroughly, and phases separated by low speed centrifugation (2000 rpm, 10 min
4°C). The resultant aqueous phase, containing inositol phosphates was collected and
treated with proteinase K (50 pg/ml, 2hr, 50°C). This process was necessary to
preserve the chrornatdgraphy column. Treated samples were passed through a 1 ml
Dowex-50 column (4% cross-linked 4-400 mesh size) and eluted with 1 ml water
(22). Urea (0.05M final) was added (23) and samples Jyophilized prior to high
performance liquid chromatography (HPLC) analysis. Recovery of inositol
phosphates using this method w:«;xs greater than 95% for each isomer, as estimated by

addition of [*H)-labelled standards to extractions of unlabelled hearts.



arterial blood pressure. After stabilisation for 20-30
cerenary artery was ligated by pulling the ends of the U Bt he
tube and securing them by clanping the tube together & t-h

i schacm c period was 10 m nutes followed by reperfusia
pressure and a lead Il ECG was recorded 3 m nutes befolela
i schaenia, and for the first 5 minutes oflreperfusion.
nodel , the highest incidence of reperfusion arrhythm ag

was determ ped. at the end of the experinent by the he+rol_There was no’
di fference ’}Psl@dﬂ}ﬁ’é ‘Ecsa‘P'%rﬁl%.Bi‘WQn 3h%’b?’9’§"T°¥8‘Fﬁ“(¥8§¥ﬁ0' Nt el*t'tand t hose
recel ving geALAmhe PRisFADLATAK! CHIUAS ih Rf wakds Rhdidl BeaPrabios il @nif@égs m n
prior to initiation of ischaenia and naintained throughout the protocal.

Thi s causedaaompiier amonieduphosphaiergridientd pHr 28 dme 02l dsedeseribedtpreviougdy | s
shown in Talzl_ﬁ 3 ge?t ﬁm §i n_inhi %i ted,t hg devel ogment of ri,ﬁerf usi ﬁn

ar rhyt hni as (R V98! PREPRPRTHR 8%“’\58%‘_ ABRTEHG e ¢ R I8 % woul d
be expect ed éﬁa@d@%lk,”kidi@:h@ﬁh hyswaa{eae&?.eﬁml pells dRft R¥ndMOBP LompakoRasisi bl y

al so by other agents. It is inportant to note that gentamcin was effective
al so agai nstomhercial standards. Nucleotide standards AMP, ADP, and ATP were run with

samples to assess column performance.

Noradrenaline determination in heart perfusate

Aliquots of heart perfusate for noradrenaline estimation were collected from
ischaemic tissue and at various intervals of reperfusion following 20 minutes MI.
Samples were analysed by HPLC and quantitated by electrochemical detection as

described previously. (25).

Ins(1,4,5)P 3 Mass Analysis

- Mass of Ins(1,4,5)P; was measured using a competitive bind.i’ng assay (Amersham
TRX 1000) essentially as described previously (26). Ventricle samples were prepared
as described above except for the omission of [°H]-label during the 2 hr perfusion of

earts prior to ischaemia, and for the use of 5 mm ATP instead of phytate in the

extraction prdcedure. 5 mm phytate was found to cross-react in the Ins(1,4,5)P;

assay.

Protein Determination _
Protein concentration was determined in aliquots of TCA pellet following InsP

extraction using a modified Lowry method with Bovine Serum Albumin 2s a

siandard.

Statistics
Values presented are mean = SEM, for n=4 unless otherwise stated. Statistical

analysis of results involved Students’ unpaired "t-test" for all InsP data.



arrhyt hm as occurri ng under ischaem c conditions. As:indicated above,
rel ease of Ins(1,4,5)Perr] also can occur under these condig+ers
depending on the severity of the ischaem a. TABLE 3:

REPLACEV™NT SHEET

VT% VF% n - p control

100 68 13 -i2gentam cin

0 10 <0.01 Table 3. Effect of ge tam%ignogﬁqg%
reperfusion g@yrEstpras in vivo. In sumary, gentamnmicin i very
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Effects of global ischacmia on the accumulation of [';H]-labcllcd irel

phosphates

TCA extracts of [°H]inositol-labelled hearts contained compounds identified as
Ins(1/3)P,, Ins(4)P,, Ins(1,4)P, and ins(1,4,S)P3. As reported previously, [3H]-
Ins(1.3.4,5)P, and its metabolic products were not evident (Figure 2a). Thirty minute
perfusion with oxygénated medium resulted in a time dependent increase in [3H]-
label in inositol phosphates (Figure 3). In contrast, global ischaemia caused an altered
distribution of inositol phosphates (Figure 2b), while the fotal amount qf label
remained unchanged. As shown in Figure 3, decreases in Ins(1,4)P, and
Ins(1.,4,5)P3, were observed together with concurrent increase in the degradation
products Ins(1)P; and Ins(4)P,. Significant changes in [*H]-labelled inositol
phosphates were observed after 5 min of ischaemia. The redistribution process
observed under ischaemic conditions was independent of the endogenous
noradrenaline released during ischaemia, as it was unaffected by both depletion of

noradrenaline stores by reserpinization, or by o, adrenoceptor blockade with

prazosin.

In contrast to normoxic perfusion, total accumulation of i;lositol phosphates in
myocardium remained unchanged throughout the 30 minute ischaemic period stucied,
such that the decreases in [°H]-label of Ins(1,4,5)P, and Ins(1,4)P, could be
accéu_ntéd for by increases in the metabolic products Ins(1/3)P; and Ins(4)P;.- These
data indicate that global ischaemia causes an inhibition of PtdIns-PLC activity, such
that no inositol phosphate release occurs, even in the presence of locally high |

_concentrations of noradrenaline.

Countrol of inositol phasphate release under ischaemic conditions

More recent modelling studies have shown that the altered metabolism of inositol
phosphates durong ischaemia is-not related either 1o the reduced pH or the high
ambient extracellular K* concentration, under these conditions. Rather, our studies -

indicated that the change in inositol phosphate pro'ﬁles could be explained solely by

the decrease in ATP content. Moderate anoxia reduced ATP content from §.3 + 1
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pmolesfg dry weight 1o 4.5 * 0.4 (mean 2 SEM, n=3, p<.01) and this resulied in a
reduction in content of Ins(1,4)P,. Larger reductions in ATP (10 0.718 + 0.14), as
occurs in global ischaemia, resulted in reduced Ins(1,4,5)P5 as well as Ins(1,4)P,.

Both profiles, moderate and severe ischaemia, could be modelled using inhibitors of

ATP generation.

Under conditions of moderate ischaemia, release of Ins(1,4,5)P; occurs in response to
noradrenaline, the ambient levels of which are"high under these conditions.
Reperfusion following moderate ischaemia further enhanced this respohse (see
Below),. Thus, whether Ins(1,4,5)P4 release occurs under ischaemic conditions
depends on the ATP content of the tissue and thus on the severity of the ischaemia.

However, enhanced release is always observed with reperfusion.

Effects of post-ischaemic reperfusion on the accumulation of 3H-labelled inositol
phosphates _

Reperfusion with oxygenated medium following 20 minutes global myocardial
ischaemia resulted in a rapid increasé in accumulation of [°H]-labelled inositol
phosphates. This activation was biphasic, with a rapid and transient accumulation
occurring between 1 and 2 minutes reperfusion, followed by a slow, quantitatively

smaller, secondary accumulation which continued past 20 minutes (Figure 4).

The rapid accumulation of inositol phosphates caused by 2 minutes post-ischaemic
reperfﬁsion was dependent on the release of endogenous noradrenaline, as it was
prevented by prior reserpine treatment (Figure 5¢). The release of [°H]-labelled
)Zns(1,4,5)3 could be reinstated in reserpinized animals by perfusion with 104 M
noradrenaline. Prazosin (10 pM) treatment inhibited the 2 minute reperfusion inositol
phosphate response, demonstrating mediation via o.-adrenoceptors. Thus, the
immediale' reperfusion Ins(l,'ll,S)P3 response requires neuronally released

noradrenaline and is mediated by ai-adrenoceptors.
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The 2 minute reperfusion response required the reintroduction of oxygen, as

- reperfusion with 0, free (N, saturated) medium, did not activate inositol phosphate
release. This finding is of great interest as recent reports indicate that oxidants
increase the sensitivity of Ins(1,4,5)P; receptors (27). Thus, by two different
mechanisms, increased release and increased sensitivity, Ins(1,4,5)P; can be more

effective and more damaging under conditions of ischaemia and reperfusion.

Noradrenaline concentration under conditions of ischaemia and reperfusion
Endogenous noradrenaline is known to accumulate in myocardial extracellular space |
under ischaemic conditions (28). In the current studies the noradrenaline

. concentration was measured in the tissue and surrounding perfusate, to verify such
accumulation in the inventors’ model. Control values (9.87£1.54 x 10710 M) were.
sampléd following 10 minutes recirculating perfusion with Krebs’ medium containing
propranolol and LiCl prior to initiation of ischaemia. 20 minutes global ischaemia
caused an accumulation of noradrenaline within the myocardial extracellular space
(8.19 £2.03 x 10°’M). This noradrenaline was released rapidly with reperfusion and
levels remained elevated at 2 minute reperfusion (1.26 + 0.28 x 10" M), although
diluted around 40 fold when relezsed into the 10 ml recirculating perfusate.

Perfusate noradrenaline levels dropped significantly following 20 minutes reperfusion
(1.06 £ 0.5 x 10'9M) 10 a level not different from those of controls (P>0.3).

Noradrenaline concentrations in the perfusate afier 2 minutes reperfusion averaged
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1.54 4 0.5 x 10°* M. Such concentrations are not cffective in stimulating inositol
phosphate release from non-ischaemic myocardium. This demonstrates an increased
sensitivity or availability of v_cnlricular a;-adrenoceptors during 2 minutes post-
ischaemic rcpeffusion. Previous studies in the inventors’ laboratory have shown that
nerve stimulation of non-ischaemic myocardium produces little increase in Inositol
phosphate accumulation. Thus, cardiac o-adrenoceptors responds to neuronally

released noradrenaline only under conditions of ischaemia and reperfusion.

Effect of aminoglycosides on ﬂze reperfusion- iirduced [3H ]-labelled l_'nositol
phosphate response

The aminoglycoside antibiotic neomycin has beeﬁ well characterised as an inhibitor
of Ins(1,4,5)P; release (29)(30). The effects of neomycin on the 2 minute
reperfusion-induced [PH]-labelled Inositol phosphate response .were_investigated.
Neomycin (0.05 mM), added 10 minutes prior to ischaemia and maintained
throughout the procedure, did not significantly inhibit the accumulation of °H}-
labelled inositol phosphafes. Higher concentrations, 0.5 mM and 5 mM, produced a
45% and 55% average inhibition of [°H]-labelled Inositol phosphate accumulation
respectively, compared with 2 minutes post-ischaemic reperﬁision in the absence of
neomycin (Figure 6). These results are different from findings in healthy heart tissue
where 5 mM neomycin caused a 20% reduction in accumulation of [SI-I]Ins(l,-'4,5)P3
but was without effect on the accumulations of Inositol phosphate; and Inositol
.phospbgtéz. Lower concentrations were ineffective. These data indicate an increase
in sensifivity of myocardial tissue to neomycin of more than 10 foid during post-

ischaemic reperfusion.

Subsequent experiments were performed to establish whether this inhibitory effect of
neomycin was a class effect of aminoglycosides and if so whether other member
might have higher potency. Streptomycin and gentamicin were chosen for these
studies with a view 1o using available plasma assays for in vivo studies. As is shown
in Table 1, both gentamicin and streptomycin were more potent inhibitors of
reperfusion-induced Ins(1,4,5)P; release than neomycin. Thus, inhibition of

reperfusion-induced Ins(1,4,5)P; release is a class effect of the aminoglycosides.
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More recent studies have investigated the possible contribution of thrombin to the

reperfusion arrhythmias. The studies described above used medium-perfused hearts.
However, in vivo myocardial ischaemia and reperfusion are associated with local high
concentrations of thrombin associated with the thrombus formation responsible for
the occlusion. Recent studies from other laboratories have pointed to a direct pro-
arrhythmic effect of the thrombus in'vivo. Studies in the inventors’ laboratory have
shown that thrombin directly stimulates release of Ins(1,4,5)P; in heart tissue and that
this release is inhibited by gentamicin at similar concentrations to those required for

inhibition of the noradrenaline response under reperfusion conditions.

In summary, reperfusion of hearts following global ischaemia causes release of
Ins(1,4,5)P; and this can either be effected either by neuronally released
nofadrenaline or by thrombin. Both of these agents would be expected to be present

in the heart under ischaemic conditions in vivo.

EXAMPLE 2
MYOCARDIAL FUNCTION IN VITRO
A) METHODS '
Reperfusion-induced arrhytimias in in situ perfused rat hearts
A model of in situ perfused rat hearts subjected to 20 minutes coronary artery

occlusion to induce ischaemia, followed by reperfusion was used to investigate

reperfusion-induced arrhythmias.

Rats (250-300g) were znaesthetised (pentobarbitone 60mg/kg, I.P.) and heparinised
(200Ufrat 1.V.) The thorax was then opened and a metal cannula (ID 1 mm) inserted
and tied into the a cending aorta, to commence Langendorff perfusion in siru (31).
The interval from opening the chest 1o commencing heart perfusion was between 50
and 70 seconds. The perfusate was Krebs buffer, with coronary flow controlled by a

Ismatac peristaltic pump at @ rate of 5 ml/g heart weight/min for, the non-ischaemic -
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were constantly recorded on a Grass model 7 polygraph. Two hearts were perfused

and simultaneously studied.

A silk suture (4.0) was positioned loosely around the left coronary artery 2-3 mm
from its origin. Two silk releasing rings were placed around the suture for
subsequent release of occlusion. Successful occlusion of the artery, inducing regional
ischaemia, was indicated by increases in coronary perfusion pressure of at least 30%.
Perfusion pressure was adjusted to non-ischaemic perfusion levels during the

ischaemic period.

Drugs were added to the perfusion via a Harvard Model 22 pump. The drug flow
was less than 1% of perfusion flow to ensure constant perﬁ{saté parameters. Unless

mentioned otherwise, the drugs were present 10 minutes before, and during the entire

ischaemic and reperfusion periods.

Heart preparations were allowed to stabilise for at least 20 minutes prior to
_ corﬁfnencing studies. Following 10 minute drug incubation, the left coronary artery
was ligated to induce local ischaemia, for a period of 20 minutes. At the end of this
ischaemic period, the ligature was released and hearts perfused at pre-ischazmic flow
for a period of 5 minutes. Ventricular arthythmias, occurring during ischaemia or

during the first 2 minutes of reperfusion were defined according to the Lambeth

Conventions (32)..

Statistics

Incidence of arrhythmias was analysed using a 2 test, with n 2 8 for each group.
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B) RESULTS

Effects of aminoglycosides on reperfusion- induced arrliythmias
The initial reperfusion-induced release of the second messenger Ins(1,4,5)P; occurs at
a time point associated with reperfusion-induced arthythmias. Based on the
considerations outlined above, this suggested a possible role for Ins(1,4,5)P; in the
development of arrthythmias. Therefore, reperfusion-induced arrhythmias were

quantitated, and the effects of compounds which inhibit the Ins(1,4,5)P; response

under these conditions were investigated.

~ An ischaemic model of coronary occlusion and subsequent reperfusion in in situ
perfused rat hearts was used, and provided a high percentage of ventricular
arrhythmias under both ischaemic and reperfused conditions. Twenty minutes
regional ischaemia by coronary artery occlusion resulted in 83% (10/12) incidence of .
VT. As shown in Table 2, reperfusion following this ischaemic period resulted in VT
anq degenerative VF in 10 out of the 12 rats studied. In all cases, a large number of
premature ventricular beats were observed. None of the hearts which became

arrhythmic with VT and subsequent VF recovered during thg’5 minute reperfusion
period studied. B '

The effects of neomycin on these reperfusion-induced arrhythmias. are shown in table
.2. Neomycin at 0.05 mM had no significant effect on the induced arrhythmias with
6 out'éf 8 rats studied showing both severe VT and VF throughout reperfusion. In |
contrast, and in parallel with [>H]-labelled Inositol phosphate studies, higher
concentrations of neomycin (0.5 mM) prevented the occurrence of reperfusion-
induced arrhjrthmias with none of the 10 rats studied exhibiting VT or VF. Similar
effects were observed with 5 mM neomycin. The inhibition of reperfusion-induced
arthythmias by 0.5 mM neomycin was independent of any haemodynamic effects as
heart rate and ventricular pressure, while dropping upon initial introduction of the

drug, recovered to levels not significantly differing from control during the 10 minute

incubation period prior to occlusion.
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As is shown in Té_able 1, streptomycin, gentamicin and spermine also i hibited """
reperfusion arrhythmias in parallel with their effects on reperfusion-induced release of
Ins(1,4,5)P;. Gentamicin was the most potent agent tested followed by streptomycin.

At the higher concentrations gentamicin and streptomycin also produced a partial

inhibition of arrhythmias occurring during the ischaemic phase. These data further

suggest the possibility of a contribution by Ins(1,4,5)P; to these arrhythmias in

addition to its apparently essential role in reperfusion arrhythmias.

Thus, inhibition of hydrolysis of phosphatidylinositol(4,5)bisphosphate
(PtdIns(4,5)P,) under reperfusion conditions prevents the development of reperfusion

arrhythmias.

Effect of staurosporine on reperfusion-induced arrhythmias |

In addition to Ins(1,4,5)P,, the second messenger DAG is also produced upon
hydrolysis of PtdIns(4,5)P,. DAG activates various isoforms of protein kinase C
which in turn controls a number of cellular processes. Thus, it was possible that the
anti-arrhythmic effects of the aminoglycosidés was be due to inhibition of DAG
production and subsequent PKC activation. Therefore, the effects of a potent protein
kinase C inhibitor staurosporine (33) on reperfusion-induced arrhythmias was
investigated. Staurosporine (1 07 M, a concentration known to inhibit PKC in the
myocardium under reperfusion conditions (34)) did not significantly alter the

percentage incidence of reperfusion-induced arrhythmias from untreated controls as

shown in Table 1.
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Ins(1,4,5)P, Reperfusion-induced arrhythmias
VT

mass p % p | % p
control 200+ 18 83 83
0.05 mM neomycin 184 + 7 ns 75 ns 70 ns
0.5 mM neomycin 121 + 11 <.025 0 <.005 0 <.005
5 mM neomycin 104 + 1l2 <.O.25 0 <.005 0 <.005
0.5 mM spermine 182 + 4 ns 63 ns 36 <.025
5 mM spermine 160+9 <05 30 <025 20 <005
PTX (25 pg/ke) 128+28 <05 40 ns 10 <001
0.015 mM genta 145+2 <005 58  <.025 25 <.025
0.15 mM genta 136422 <005 27 <025 21 <025
1.5 mM genta 12+17 <001 17 <025 8 <025
0.015 mM strep 201 + 16 ns 45  ms 27 <.025
0.15 mM strep 167+5 <005 25 <025 6 <.025
1.5 mM strep 94 + 11 <001 45 <025 27 <025
.1uM stauro nd 83 ns 69 ns
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reperfusion-induced arrhythmias. Values shown are Ins(1.4.5)P; content
in pmol/mg protein, mean = SEM of data from 4 different hearts 2 |
‘minutes after commencing reperfusion following "0 min global ischaemia,
and % incidence of ventricular tachycardia (VT) and ventricular
fibrillation (VF) in the experimental group (n > 8). Pertussis toxin (PTX)
was given by L.P. injection 48 h prior to experimentation. “Genta” is
gentamicin, “strep” is streptomycin and “stauro” is staurosporine.
Statistical analysis of Ins(1,4,5)P; mass data was performed using
Student’s unpaired “t” test and analysis of arrhythmia data using a xz test.

p values are relative to control.

Effect of inhibition of phospholipase C 8 _ _

To date, few direct inhibitors of phosphatidylinositol-specific phospholipase C have
been available. However, one compound, a steroid derivative known as U-73122,
has been shown to inhibit PLC-B isoforms. As explained above, this agent did not |
inhibit release of Ins(1,4,5)P3. in intact heart preparations and was without anti-

arthythmic activity. These data are summarised in Table 2.

Taken together, the data derived from a number of different compounds show that

. inhibition of release of Ins(1,4,5)P; causes an inhibition of reperfusion arrhythmias.

Arrliythmic effect of thrombin under reperfusion conditions

The finding that thrombin directly stimulated release of Ins(1,4,5)P4 in heart indicates
the possibilit)" that thrombin might cause arrhythmias directly via this mechanism.
Experiments were performed using hearts from reserpinized rats so that arrhythmic
events initiated by noradrenaline were eliminated. Reperfusion arrhiythmias were not
observed in hearts from reserpinized animals. However, when thrombin (2 Uml)
was added to the perfusate a high incidence of reperfusion arrhythmias was observed.
Furthermore, these arrhythmias were inhibited by gentamicin, indicating a

relationship to release of Ins(1,4,5)P,; (Table 2).
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VT% VF% n p
reserpine 44 0 9
thrombin (2 U/ml) 89 67 9 <05
thrombin + gentamicin 60 0 5 <0.05*
control 100 63 46
U-73122 (10 M) 88 61 12 ns

Table 2: Arrhythmic effect of thrombin and its inhibition by gentamicin. * relative

to thrombin. Other p values are relative to control.

In summary, agents which stimulate release of Ins(1,4,5)P; under reperfusion

conditions are pro-arrhythmic and agents which inhibit release arg anti-arrhythmic.

EXAMPLE 3

IN VIVO STUDIES
A) METHODS

~ Gentamicin was chosen for studies of anti-arrhythmic action of aminoglycoside in-

vivo. because it is the most potent agent in vitro and because an assay

method for

measuring plasma levels is currently available. Rats were not heparinised so that

effects of thrombin will be contributory to observed arrhythmias.

In vivo model for coronary kzrter;;_- occlusion and reperfusion

Rats were anaesthetised with pentobarbitone (60 mg/Kg IP) and artificially ventilated

with room zir. The chests were opened via the forth intercostal space, and the heart

exposed. A 4.0 suture was placed around the left coronary artefy and then passed

through a guided polyethylene cannula. The thorax was closed leaving the threaded

cannula outside the chest. The right carotid artery was cannulated for recording of
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clamping the tube together with the threads. The ischacmic period was 10 minutes

followed by reperfusion. Arterial blood pressure and a iead 11 ECG was recorded 3
minutes before and during ischaemia, and for the first 5 minutes of reperfusion. In
the in vivo rat model, the highest incidence of reperfusion arrhythmias occurs after a
10 minute period of coronary artery occlusion. The size of the ischaemic area was
determined at the end of the experiment by the dye method. There was no difference
in ischaemic area between hearts from control animals and those receiving
gentamicin. Gentamicin was infused at a dose of 2.5-10 mg/Kg/min prior to
initiation of ischaemia and maintained throughout the protocol. This caused a

moderate reduction in blood pressure and heart rate.

As is shown in Table 3, gentamicin inhibited the developnﬁent of reperfusion
afrhythmias in vivo. The arthythmias generated under these conditions would be
expected to be initiated by noradrenaline and by thrombin and possibly also by other
agents. It is important to note that. gentamicin was effective also against the
arthythmias occurring under ischaemic conditions. As indicated above, release of

Ins(1,4,5)P; also can occur under these conditions, depending on the severity of the

ischaemia.
TABLE 3:
VT% VF% n p
control 100 68 13
gentamicin 30 0 10 <0.01

Table 3:  Effect of gentamicin on reperfusion arrhythmias in vivo.

In summary, gentamicin is a very effective agent in inhibiting reperfusion

arrhythmias in vivo.
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EXAMPLE 4
CARDIAC SELECTIVE PLC INHIBITOR

Studies from the inventors show that inhibition of release of Ins(1,4,5)P; under
conditions of post-ischaemic reperfusion inhibits the deve10pment' of reperfusion
arrhythmias. This could be achieved either by directly binding to and inhibiting the
PLC enzyme which hydrolyses Ptdlns(-’%,S)P.z to Ins(1,4,5)P, or by binding
PtdIns(4,5)P, and thereby inhibiting PLC activity less directly. Given that the PtdIns
turnover pathway occurs in all cell types, it is important to incorporate some
selectivity into inhibitory agents if they are to be effective clinical tools. The PLC
which is coupled to a;-adrenoceptors in heart provides one possible target for a
direct enzyme inhibitor because it is a different enzyme from any of the currently
described PLC classes (17). However,- agents like the aminoglycosides which bind
PtdIns(4,5)P, can also be appropriate. The inventors have shown that the potency of
these compounds increases by more than an order of magnitude under ischaemic
conditions. Furthermore, even though the aminoglycosides act by binding
PtdIns(4,5)P,, the relative potencies of the aminoglycosidés ine causing an inhibition
of PLC activity differ for the different PLC isoforms and. neomycin rather than
gentamicin is generally most potent (Table 4). PtdIns(4,5)P, is an activator rather
than 2 substrate for phosphatidylcholine-specific phospholipase D. For this enzyme,
aminoglycosides have been shown to inhibit the acti\:ation by PtdIns(4,5)P, But the
rank ordér of potencies was different from observed in studies of PLC. Thus, even
though the aminoglycosides act by binding PtdIns(4,5)P,, this binding clearly affects
different enzymes which interact with PtdIns(4,5)P, differently.

Thus, the development of a suitably selective agent will be possible by either of these

mechanisms.
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J Pharmacol Exp, Ther. 1990: 256: 756- 768. 19. Sheri dan Apha

Shears SB: Metabolism of Inositol Phosphates. Adv Second Mbsgerigéer and
Phosphoprotein Res. 1992; 26: 63-92.

adrenoceptors and arrhythmas. J Ml Celk Cardiol. 1986: 13’3/%5 639 0CRH%6

TABLE 4:
PC-PLD PI-PLC PI-PLC PI-PLC
brain kidney cy Ridney me heart rep
neomycin 65 30 200 400
streptomycin 125 380 2850 150
gentamicin ND 130 500 15
Table 4: Relative potencies of neomycin, streptomycin and gentamicin' in

inhibiting PLC hydrolysing PtdIns(4,5)P, or m inhibiting the
stimulatory effect of PtdIns(4,5)P, on PLC activity. Values shown are
average ECs, values x 106 M. Kidney cy and kidney me refer to
cytosolic aﬁd membrane enzymes, respectively. Heart rep refers to
hearts under reperfusion conditions. Brain and kidney data_ are from

the literature (35).

EXAMPLE 5
ANTI-ARRHYTHMIC AGENTS

Currently available anti-arrhythmic agenits are only poorly effective and their use is
often limited by significant side effects. Furthermore, these agents target primarily
the arrhythmias occurring during ischaemia and are essentially ineffective against the
arrhythmias which occur following reperfusion (36). Gentamicin in vitro and in vivo
is very effective in inhibiting reperfusion arrhythmias. These findings set the stage
for the development of an entirely new class of anti-arrhythmic agent based on th.e
inhibition of release of Ins(1,4,5)P;. Furthermore, it is likely that arthythmias
developed in vivo are mechanistically more complex than those observed in in viiro
model systems and that Ins(1,4,5)P; may have a wider role than classical
“reperfusion” arrhythmias, as suggested both by our modelling studies and by the in

vivo experiments. Conditions such as unstable angina likely involve repeated
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have wider clinical implications than classical “reperfusion™ arrhythmias.

nce

Those skilled in the art will appreciate that the in\'émion described herein is
susceptible 1o variations and modifications other than those spcéiﬁcally described. It
is 10 be understood that the invention includes all such variations and modifications.
The invention also includes ail of the steps, features, compositions and compounds
referred to or indicated in this specification, individually or collectively, and any and

all combinations of any two or more of said steps or features.
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-32- CLAI Ms: 1. A method for the prophylaxis or treatment of cardiac -
dysfunction in a manmal fo-met-hod.coupri sing adm ni stW}
an effective anmount of m@ﬁ"'asili- i=nf bl ocki ng for \\
inositol (1,4,5) tripho pate ‘;)__3f}qi_n cardiac t ‘&““\ R

ardiac dysfuncti S a card| ac '

met hod according to cl tﬁ‘@%
arrhythm a. thod accor ? gftq claim2 wherein the cardi ac

arrhythm a cong}‘(\‘yé "t gchycaream-angd fifbgil I ati ons of cardiac sites.

1. A mecthod for the prophylaxis or treatment of cardiac dysfunction in a
mammal said method comprising administering to said mammal an effective amount
of an agent capable of blocking formation or rclease of inositol (1,4,5) triphosphate

(ins(1,4,5)P,) in cardiac tissue.

2. A method according to claim 1 wherein the cardiac dysfunction is a cardiac
arrhythmia. '
3. A method according to claim 2 wherein the cardiac arrhythmia comprises

tachycardia and fibrillations of cardiac sites.

4. A method according to claim 1 or 2 or 3 wherein the agent inhibits or

prevents release of Ins(1,4,5)P; from phospholipid PtdIns(4,5)P,.

5. A method according to claim 4 wherein the agent is an amindglycoéide.

6. A method according to claim 5 wherein the aminoglyoside is selected from
the list consisting of gentamicin, tobramycin, amikacin, netilimicin, kanamycin,
streptomycin and neomycin or derivatives thereof,

7. ' A method according to claim 4 wherein the agent is a polyamine.

8. A method according to claim 7 wherein the polyamine is spermine or a

derivative thereof.

9. A method according to claim 1 or 2 or 3 wherein the agent blocLs the effects
of Ins(1,4,5)P,

10. A method according to claim 9 wherein the agent blocks the Ins(1.4,5)P;

receptor.
This Sheet Has Been Replaced
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fromthe list corlsijsting of gentamjcin, taBranycin, amkacin, net| limecih,
kanamycin, strept

4. A nethod
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Ins(1,4,5)P;.

12. A method according to claim 1 or 2 or 3 wherein the agent is administered by

oral, parenteral or buccal administration.

13. A method according to claim 1 or 2 or 3 wherein the effective amount is

from about 0.1 to about 100 mg per kilogram of body weight of the mammal.

14. A method according to claim 13 wherein the effective amount is from about 3

to about 60 mg per kilogram of body weight of the mammal.

15. A method according to claim 1 or 2 or 3 further comprising the sequential or

simultaneous administration of an anti-arrhythmia drug.

16. A method according to claim 15 Wherein the anti-arrhythmia drug is selected

from the list consisting of amiodorone, sotalol and lignocaine.
r

17. A method according to claim 1 or 2 or 3 further comprising the sequential or

simultaneous administration of an agent capable of effecting thrombolysis.

18. -- A method according to claim 17 wherein the agent is selected from the list

consisting of streptokinase, urokinase and tissue plasminogen activator.

19. A method according to claim 1 or 2 or 3 further comprising the sequential or
simultaneous administration of an agent which increases cardiac systolic and/or

diastolic function.

~ 20. A method according to claim 19 wherein said agent is selected from the list

consisting of dioxin, dobutamine, nitrates, captopril, nifedipine and frusemide.

21, A method according to claim 1 or 2 or 3 wherein the mammal is 2 human.



9. A nmet hod according to claim1 or 2 or 3 wherein

the agent—blecks—the
The agent bl ocks the |ne(L4,5)PLerr] roceptor tﬂllim’mlll[IIINITI\F\“\

- 34 -
22, An agent for use in blocking formation or release of Ins(1,4.5)P; in cardiuc
tissuc.
23,

An agent according to claim 22 wherein said agent inhibits or prevents release

of Ins(1,4 5) from phospholipid PidIns(4,5)P,.

$

An agent according to claim 23 wherein said agent is an aminoglycoside.

2

:J|

An agent according to claim 24 wherein said agent is selected from the hst :
consisting of gentamicin, tobramycin, amikacin, netilimicin, kanamycin, streptomycin

and neomycin or derivatives thereof.
26.  An agent according to claim 23 wherein said agent is & polyamine.

27.  An agent according to claim 26 wherein said agent is spermine or a derivative
thereof.

28.  An agent according to claim 22 wherein said agent blbcks the effects of
Ins(1,4,5)P;.

29.  An agent according to claim 28 wherein said agent blocks the Ins(1,4,5)P;

- receptor.

30.  An agent according to claim 28 wherein said agent is an antagonist of
Ins(1,4,5)P;.

31.  An agent according to claim 22 or 23 or 28 wherein said agent further
comprises another anti-arrhythmia drug.
32.  An agent according to claim 31 wherein said other ami-arrhythmia drug is

selected from the list consisting of amiodorone, sotalol and ligpoeaine—
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11 . A nethod :ll% %M;E,\%E%I_é_ 4 9 wherein the agent is
Ins(1,4,5) P[err 12. ‘A net according to claim1l orj:’ tm@ Bmﬂm
the agent is adpi hi 220&d B4orfall, parenteral or buccal M NIt IL
13. A met hod jpcording to clgiml or 2 or 3 wherein the effective anount

I's fromabout Of 1 to about IUU0™ per L ggram of body wei ght of the
manmal . 14. LA mnt hod_according to cI aim 13 wherein the effective anount
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fur
sequenti al Okompriscs a component c.lpablc of effecting thrombolysis.

34.  An agent according to claim 33 wherein the component is selected from the
list consisting of streptokinase, urokinase and tissue plasminogen activator.
35.  An agent according to claim 22 or 23 or 29 wherein said agent further

comprises a component which increases cardiac systolic and/or diastolic function.

36.  An agent according to claim 35 wherein said component is selected from the

list consisting of dioxin, dobutamine, nitrates, captopril, nifedipine and frusemide.

37. A pharmaceutical composition useful in the 'prophylaxis and/or treatment of
cardiac dysfunction comprising an agent capable of blocking formation or release of

Ins(1,4,5)P; in cardiac tissue together with one or more pharmaceutically acceptable

carriers and/or diluents.

38. A pharmaceutical composition according to claim 37 wherein said agent

inhibits or prevents release of Ins(1,4,5)P; from phospholipid PtdIns(4,5)P,.

39. A pharmaceutical composition according to claim 38 wherein said agent is an

aminoglycoside.

40. A pharmaceutical composition according to claim 39 wherein said agent is
selected from the list consisting of gentamicin, tobramycin, amikacin, netilimicin,

kanamycin, streptomycin and neomycin or derivatives thereof.

41. A pharmaceutical composition according to claim 37 wherein szid agent is 2
polyamine. '
42. A pharmaceutical composition according to claim 41 wherein said agent is

T .
spermine or a derivative thereof.
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si nmul t aneous adm nistration of an anti-arrhythma dr

ug———i&——ﬁc—maf-hvd—
according to claim15 wherein the anti-arrhythm a drug l mmmtEMlt he
l'ist consisting of aniodorone, sotalol and |ignocaine. mllm “I“:
according to claim1 or 2 or 3 further conprising the sedquehti'al 'or $

si mul t aneous adm ni stration of an agent capﬁbl e of effecting thronbol ysis.
18. A net hod according ta claim 17 wheréi'nl the agent i s sel ected fromthe

list consisti g of st ept oki n ur oki nase and ti sm nogen
act i vat or - THEPHER AL AT D EEIRR 10 B 1 BF i g peen
conpri sing thgl&?guﬁn‘tﬂ&\sghgpwks ineous admi nistration of an agent which
i ncreases cardiac systollc and/or diastolic function.

44. A pharmaceutical composition according to claim 43 wherein said agent

blocks the Ins(1,4,5)P; receptor.

45. A pharmaceutical composition according to claim 43 wherein said agent is an

antagonist of Ins(1,4,5)P;.

46. A pharmaceutical composition according to claim 37 or 38 or 43 wherein said

agent further comprises another anti-arrhythmia drug.

47. A pharmaceutical composition according to claim 46 wherein said other anti-

arrhythmia drug is selected from the list consisting of amiodorone, sotalol and

lignocaine.

48. A pharmaceutical composition according to claim 38 or 39 or 43 wherein said

composition further comprises an agent capable of effecting’thrombolysis.

49. A pharmaceutical composition according to claim 48 wherein the agent is

selected from the list consisting of streptokinase, urokinase and tissue plasminogen

-~ activator.

50. A pharmaceutical composition according to claim 37 or 38 or 43 wherein said
composition further comprises an agent which increases cardiac systolic and/or

diastolic function.

51. A pharmaceutical composition according to claim 50 wherein said agent is

selected from the list consisting of dioxin, dobutamine, nitrates, captopril, nifedipine

and frusemide.




20. A nmet hod according to claim19 wherein said agent !ﬂmﬁuﬂﬁmﬁuﬂlﬁw
the list consisting of dioxin, dobutam ne; nitrates, cap ) W pliNle
and frusem de. 21. A nmet hod according to claiml or 2 or 3 wherein the
mammal is a human. 34 -

22.  An agent when used in bl ocki ng formation or rel ease of
Ins(1,4,5)P[err] in cardiac tissue - 37 -

52, Usc of an agent which blocks formation or release of Ins(1.4,5)P; in cardiac

- tissue in the manufacture of a medicament for the treatment or prophylaxis of cardiac

arrhyvthmia.
33 A use according to claim 52 wherein the agent is an aminoglycoside.

n
I

A use according to claim 52 wherein the agent is a polyamine.

; lat.f-:ed



according to the nethod of claiml. 23. An agent according to claim 22
wherein said agent inhibits or prevents release of Ins(1,4,5 Plerr] from
phospholipid Ptdins(4,5)P[err]. 24. An agent according to claim23
wherein said agent is an am nogl ycosi de, 25. An agent according to
claim 24 wherein said agent is sel ected*$romthe Iist consi sting of
gentam ci n, tobranycin, am kacin, netilimcin, kananycin, streptonycin and

neomnyci n.or deri vat %%%lei_r OTWA’I&?@G cpﬂﬁﬂ@'ﬁ!ﬁ%ﬁdﬁﬂﬁlﬁb claim 23

wherein sai d agent® i
PHARMACEUTICAL COMPOSITIONS USEFUL THEREFOR

ABSTRACT

The present invention relates generally 10 a method for, and phanna‘ceinicél
compositions useful in, the prophylaxis and/or treatment of cardiac dysfunction in a
mamma! by the administration of an effective amount of an agent capable of

~ blocking or inhibiting the effect or release of inositol(1,4,5)risphosphate in cardiac

tissue.

(Mo ot #5 )
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27. An agent according to claim26 wherein said agent is spermne or a
derivative thereof. 28. An agent according to claim22 wherein said
agent bl ocks the effects of Ins(1,4,5 P[err]. 29. AR—aoet ing to
ciai m 28 wherein said agent blocks the Ins(1,4,5)P] &ﬁPLACEgm&BgHEET 30.

An agent according to claim 28 wherein said agent Ils [@an antagoni st

Ins(1,4,5)PlerHIGURE 1 An agent accordi nd to cldi 12?@002319% 28

3

wherein said agent further conprises another anti-arrihythma drug.
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32. An agent according to claim 31 wherein said other anti-arrhythm a

drug is selected fromthe |ist consisting of - am odorone, sotal ol and

| i gnocai ne. - 35
- 33. An agent according to claim22 or 23 or 28 mhereln sai d agent
further conprises a conponent capable of effecting thronbal -
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34. An agent according to claim33 wherein the conponent is selected from

t he | i'st consisting of streptokinase, urokinase and tissue plasm nogen
activator. 35. An agent according to claim22; or 23 or 29 wherein
sai d agent further conpri ses a conmponent which increases cardiac systolic
and/ or diastolicH@GIRPM 36. An agent3y according to claim35 wherein
sai d -conmponent is selected fromthe | i st consisting of dioxin,

dobut am ne, nitrates, captopril, ‘ni f edi pi ne cang_j

cardi ac dysfunction according to theynmethod of

frusem de. _ 37. A
phar maceutical conposition when used in the/prqpﬁylaxis and/ or treatnent of

claim1 con@dising an agent

capabl e of Dbl ocking formation or retease of Ins{(1.4,5)Per in cardiac
tissue together with one or nore phafmaceyticallly acceptabl® carriers
o =

and/or diluents. Y . -
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38. A pharmaceutical conposition according to claim 37 wherein said agent
i nhibits or prevents relase of Ins(1,4,5)P[err] from phospholipid
Ptdlas(4,5)P[err]. 39. A pharnmaceutical conposition according to claim
38 wherein said agent is an am nogl ycosi de. 40. A pharmaceuti cal

conposi tion accofdiRYIRE ¢l ai m 39 wherein saig agent is selected fromthe

| i st consisting of gentam cin, tobranycin, am kacin,netilimcin,

kananycin, streptonycin and neonycin or derivatves thereof. 41. A
pharmaceutical conposition according_to claim 37 wherei o sai d agent Hs a
pol yami ne. \ =z
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42. A pharmaceutical conposition according to claim 41 wherein said agent
IS spermne or a derivative thereof.

- 36 - 43. A pharmaceutical conposition according to MA@%WSQEﬁ

sai d agent blocks the effects of Ins(1,4,5) P[err].
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44. A pharmaceutical conposition according to claim43 wherein said agent

bl.ocks the Ins(1,4,5)P[err] receptor. 45, A pharmaceutical conposition
according to claim43 wherein said agent is an antagoni st of ‘HEET
Ins(1,4,5 P[err]. 46. A pharmaceutical conposition accorm M—-
37 or 38 or 43 URFad agent further congrises another jangi-arrhythm a
drug. 47. A\Mp])lﬁzgnaceut(l cal conposition aggordl ng to claim W6 2 %%
said other anti- arrhythma drug is selected frqmthe list cbngisting of
am odorone, sotalol and |ignocai ne. R 3 -
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- 48. A pharnmaceutical conposition according to claim 3§—6+.-39.ar._43

wherein said conposition further conprises an agent cap.REELACE@ﬁﬁgsﬁgg%

t hr onbol ysi s. 49. A pharnmaceuti cal conposition accofdi —-C
wherein the agent is selected fromthe |ist consisting ¢f |st gﬂ?oti se
ur oki nase and tgrgﬁﬁgﬂéa?ninogen activator. 50. A pha Y A
conposition acc of claim 37 or 38 or 48 wherein sqi d—coopositjon
further conprises an agent which increases cardiac syst¢lic and/or

di astolic functj on. ; R phnarnacer - canacac iy N R W I

50 wherein sai ¢ agent is selected fromthe I|ist consis;}ng of di oxin,
dobut am ne, nitraLei,([}ptopril, ni f edi pi ne and frus%ﬂide.
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- 37- 52. Use of an agent which bl ocks formation or rel ease of
Ins(1,4,5) P[err] in cardiac tissue in the manufacture of a nedi cament for

the treatnment or prophylaxis of cardiac arrhythm a D Zlcor di ng
to claim52 wherein the agent is an ami nogl ycosi de_ REPL%CEME ‘WuﬁEﬁ '

29 0CT 1996
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Rosyzo-7 203
540 RECENER {1544 Rd™ Rt o cl aPi W‘f@re‘f H’“Pﬂé" 5‘bsgnt'“ y aipolyanmine. 55¢ 4/ 56
 Aet hod” accor di ng to any one of clains 1 to 21 or .an agent according to

any one of clains 22 to 36 or a pharnmaceutical conposition according to any
one of clainms 37 to 51 or a use according to any one of clains 52 to 54

substantially as herei nbefore described with reference to the Figures
and/ or Exanpl es. _ SINGAPORE PATENT APPLICATION NO 9605370-7

Baker Medical Research Institute

FIRST STATEMENT OF PROPOSED AMENDMENTS

1. At page 34, amend claim 22 to read "An agent when used in blocking formation or
release of Ins(1,4,5)P; in cardiac tissue according to the method of clajm 1." '

2. At page 35, amend claim 37 to read "A pharmaceutical composition when vsed in the
prophylaxis and/or treatment of cardiac dysfunction according to the method of claim
1 comprising an agent capable of blocking formation or release of Ins(1,4,5)P, in
cardiac tissue together with one or more pharmacentically acceptable catriers and/or
diluents.”

3. At page 37, add new claim 55 as follows: "A method according to any one of claims
1 to 21 or an agent according to any one of claims 22 to 36 or a pharmaceutical
composition according to any one of claims 37 to 51 or a use according to any one of
claims 52 to 54 substantially as hereinbefore described with reference to the Figures
and/or Examples.”

REPLACEMENT SHERT

12 December, 1997 22pEC 997 |

—_——

A 1

QACPERMROIRISI707.346 - 12/12/97

L



"

|REPLACEMENT SHEET

22 DEC 1997

.34 .

22.  An agent when uséd in blocking formatioa or releasé 6f Ins(1.4,5)P, in cardiac ussue

according to the method of claim 1.

23.  An agent according to claim 22 wherein said agent inhibits or prevents release
of Ins(1.4,5)P; from phospholipid PtdIns(4,5)P,.

24.  An agent according to claim 23 wherein said agent is an aminogtycoside.

25.  An agent according to claim 24 wherein said agent is selected from the list
consisting of gentamicin, tobramycin, amikacin, netilimicin, kanamycin, streptomycin

" and neomycin or derivatives thereof.
26.  An agent according to claim 23 wherein said agent is a polyamine.

 27. - An agent according to claim 26 wherein said agent is spermine or a derivative
thereof. '

"28.  An agent according to claim 22 wherein said agent blocks the effects of
Ins(1,4,5)P;. '

29.  An agent according to claim 28 whcrem said agent blocks the Ins(1,4,5)P,
receptor

30. Anagent aced_rding to claim 28 wherein said agent is an antagonist of
Ins(1,4,5),.

31.  An agent according to claim 22 or 23 or 28 wherein said agent further
comprises another anti-archythmia drug.

32.  An agent according to claim 31 wherein said other anti-arrhythmia drug is
selected from the list consisting of amiodorone, sotalol and lignocaine.
I —
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-35-

33.  An agent according to claim 22 or 23 or 23 wherein said g
comprises a component capable of effecting thrombolysis.

34.  An agent according to claim 33 wherein the component is selected from the
list consisting of streptokinase, urokinase and tissue plasminogen activator.

35.  An agent according to claim 22 or 23 or 29 wherein said agent further
comprises a component which increases cardiac systolic and/or diastolic function.

36.  An agent according 10 claim 35 wherein said component is selected from the

list consisting of dioxin, dobutamine, nitrates, captopril, nifedipine and frusemide.

37. A pharmaceutical composition when used in the prophylaxis and/or treatment of

cardiac dysfunction according to the method of claim 1 comprising an agent capable of
blocking formation or release of Ins(1.4,5)P, in cardiac tissu¢ together with onc or more
pharmaceutically acceptable carriers and/or diluents.

38. A pharmaceutical composition according to claim 37 wherein said agent
inhibits or prevents release of Ins(1,4,5)P; from phospholipid PtdIns(4,5)P;.

39. A pharmaceutical composition according to claim 38 whercin said agent is an
aminoglycoside. '

40. A pharmaceutical composition according to claim 39 wherein said agent is
sclected from the list consisting of gentamicin, tobramycin, amikacin, netilimicin,
kanamyein, streptomycin and neomycin or derivatives thereof.

41, A pharmaceutical composition aeoordmg to claim 37 wherein said agent is a
polyamine.

2. A pharmaccutical composition according to claim 41 wherein said agent is

spermine or a derivative meM
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«37.

52. Useofan agcnt'which blocks formation or release of Ins(1.4,5)P, in cardiac tissue in -
the manufacture of a medicament for the treatment or prophylaxis of cardiac mliythmia.

353.  Ause according to claim 52 wherein the ageat is an aminoglycoside.

54. A use according to claim 52 wherein the agent is a polyamine.

55. A method according to any one of claims 1 to 21 or an agent according to any one of |
claims 22 to 36 or a pharmaceutical composition according to any one of claims 37 to 51 ora

use according to any one of claims 52 to 54 substantially as hereinbefore described with
reference to the Figures and/or Examples.

(REPLACEMENT SHEET
2 0EC 1997

Sheet Has Been Replaced

T |I|||\ s



