WD 00/ 56145 PCT/ AU00/ 00226 ORGAN ARREST, PROTECTI ON AND PRESERVATI ON The
present invention relates to a nethod and pharnaceutical or veterinary
conposition for arresting, protecting and/or preserving organs, in 5
particul ar the heart during open-heart surgery, cardiovascul ar di agnosis or
~ therapeut W@ W05dFvention. There are over 20,000 open- heaP¢T4UPY¥#3$
operations each year in Austral ia, over 800,000 in the United States and
about 1, 000, 000 in Europe. those relqui ri ng open-heart surgery, about
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open- heart surgery H gh potassium cardioplegia (in excess of 15-20 nV
has been the basis of nyocardial arrest and protection for over 40 years.
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the widely used St Thomas, No, 15 2 Hospital K Solution which generally
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Australia, over 800,000 in the United States and about 1,000,000 in Europe. Of
those requiring open-heart surgery, about 1.2% are neonates/infants primanly as
10 aconsequence of congenital heart disease.
The heart may be arrested for up to 3 hours during open-heart surgery.
High potassium cardtoplegia (in excess of 15-20 mM) has been the basis of
myocardial arrest and protection for over 40 years. Currently the majority of
. solutions used contain high potassium including the widely used St Thomas No.
15 2 Hospital Solution which generally contains 110 mM NaCl, 16 mM KCl, 16
mM MgCl,, 1.2 mM CaCl; and 10 mM NaHCO; and has a pH of about 7.8.
High potassium solutions usually lead to a membrane depolarisation from about
—80 to -50mV. Notwithstanding hyperkalemic solutions providing acceptable
clinical outcomes, recent evidence suggests that progressive potassium induced
20  depolarisation leads to ionic and metabolic imbalances that may be linked to
myocardial stunning, ventricular arrhythmias, ischaemic injury, endothelial cell
swelling, microvascular damage, cell death and loss of pump function during
the reperfusion period. Infant hearts are even more prone to damage with
cardioplegic arrest from high potassium than adult hearts. The major ion
25 imbalances postulated are linked to an increased sodium influx which in tum
activates the Na'/Ca®" exchangers leading to a rise in intracellular Ca®.
Compensatory activation of Na* and Ca** ion pumps then occur, which activate
anaerobic metabolism to replenish ATP with a concomitant increase in tissue
lactate and fall in tissue pH. Free radical generation and oxidative stress have
30 also been implicated in potassium arrest and partially reversed by the

administration of antioxidants. In some cases, high potassium induced



nyocardi al stunning, ventricular arrhythmas, ischaemc injury, endotheli al
cell swelling, mcrovascul ar danmage, cell death and | oss of punp function
during the reperfusion period. Infant hearts are even nore prone to danage
with cardioplegic arrest fromhigh potassiumthan adult hearts. The major
_ion 25 i nvepenssets postul ated are |inked to an increased EXIAMIPRRE ux which
in turn activates the Na+/ Ca2+ exchangers leading to a rise in
intracel lul ar Ca2+. Conpensatory activation of Na' and Cat ion punps then
occur, which activate anaerobic netabolismto replenish ATP with a
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recover with no 1mprovenent in function
takes the same time or longer to recover with no improvement in function than

10 with high potassium cardioplegic solutions. Another limitation is that pinacidil
requires a carrier due to its low solubility in agueous solutions. The carrier
routinely used is dimethy! sulphoxide (DMSOQO) which is controversial when
used in amimal or human therapy.

Most investigators, including those who advocate using potassium

15 channel openers, believe that as soon as blood flow is halted and the arrest
solution administered, ischaemia occurs and progressively increases with time.
To reduce the likelihood of damage, we sought a cardioplegic solution that
would place the heart in a reversible hypometabolic state analogous to the
tissues of a hibernating turtle, a hummingbird  torpor or an aestivating desert

20 frog. When these animals drop their metabolic rate (some by over 90%), their
tissues do not become progressively ischaemic but remain in a down-regulated
steady state where supply and demand are matched. An ideal cardioplegic
solution should produce a readily reversible, rapid electrochemical arrest with
minimal tissue ischaemia. The heart should accumulate low tissue lactate,

25 utilise little glycogen, show minimal changes in high-energy phosphates,
cytosolic redox (NAD/NADH) and the bioenergetic phosphorylation (ATP/ADP
Pi) ratio and free energy of ATP. There should be little or no change in cytosolic
pH or free magnesium, minimal water shifts between the intracellular and
extracellular phases, and no major ultrastructural damage to organelles such as

30 the mitochondria. The ideal cardioplegic solution should produce 100%

functional recovery with no ventricular arrhythmia, cytosolic calcium overioad
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10  potassium cardioplegia. Furthermore, adenosine can be used as a pretreatment
(whether or not it is present in the arresting solution) to reduce lethal injury. In
one study, adenosine was shown to rival potassium arrest solutions and more
recently in blood cardioplegia, it prevented post-ischaemic dysfunction in
. ischaemically tnjured hearts. Adenosine is sometimes added as an adjunct to
15  potassium cardioplegia.

Lignocaine is a local anaesthetic which blocks sodium fast channels and
has antiarrhythmatic properties by reducing the magnitude of inward sodium
current. The accompanying shortening of the action potential is thought to
directly reduce calcium entry into the cell via Ca® selective channels and

20 Na'/Ca®™ exchange. Recent reports also implicate lignocaine with the
scavenging of free radicals such as hydroxyl and singlet oxygen in the heart
during reperfusion. Associated with this scavenging function, lignocaine may
also inhibit phospholipase activity and minimise membrane degradation during
ischaemia. Lignocaine has also been shown to have a myocardial protective

25  effect and in one study was found to be superior to high potassium solutions.
However, our experiments show that lignocaine alone at 0.5, 1.0 and 1.5 mM
gave highly variable functional recoveries using the isolated working rat heart.

According to one aspect of the present invention there is provided a
method for arresting, protecting and/or preserving an organ which includes

30  administering effective amounts of (i} a potassium channel opener or agonist



functional recovery with no ventricular arrhythma, cytosolic calcium

overl oad WO 00/56145 PCT/ AU00100226 or ot her punp abnornalities. There is
no cardi opl egic solution currently available which fulfils all these

requi renents. W have now found that the heart can be better protected

_ during ar M®e0/5§id§ recovery by using the potassium chann&FTEEPRR2Gdenosi ne
and the | ocal anaesthetic |lignocaine. 5 The action of adenosine is
controversial . Adenosine has been shownto increase coronary bl ood fl ow,
hyper pol ari se_the cell nenbrane and act as a preconditioning agent via the
ATP- sensi t | #d/plotm adenasinerigpensor aganigdaddy) adocalanaeethetiaihaayBieEid@ udi ng
adenosi ne rg&%gh&%gfnotably the Al receptor. Adenosine is also known to
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in arresting, protecting and/or preserving an organ.

10 According to a further aspect of the present invention there is provided a
pharmaceutical or veterinary composition which includes effective amounts of
(1) a potassium channel opener or agonist and/or an adenosine receptor agonist
and (ii) a local anaesthetic.

While the present invention is particularly advantageous in arresting,

15  protecting and/or preserving an organ while it is intact in the body of the
subject, it will be appreciated that it may also be used to arrest, protect and/or
preserve isolated organs.

Thus, the present invention still further provides a method for arresting,
protecting and/or preserving an organ which includes adding a composition

20  which includes effective amounts of (i) a potassium channel opener or agonist
and/or an adenosine receptor agonist and (i1) a local anaesthetic to the organ.

The term “adding” is used herein in its broadest sense to refer to any
methods of exposing the organ to the composition of the present invention, for
example, bathing, perfusing or pumping via various routes.

25 The term “organ” is used herein in its broadest sense and refers to any
part of the body exercising a specific function including tissues and cells or
parts thereof, for example, cell lines or organelle preparations. Other examples
include circulatory organs such as the heart, respiratory organs such as the
lungs, urinary organs such as the kidneys or bladder, digestive organs such as

30 the stomach, liver, pancreas or spleen, reproductive organs such as the scrotum,

testis, ovaries or uterus, neurological organs such as the brain, germ cells such



directly reduce calciumentry into the cell via Cat' selective channels and
20 Na+/ Ca' " exchange. Recent reports also inplicate lignocaine with the
scavengi ng of free radicals such as hydroxyl and singlet oxygen in the
heart during reperfusion. Associated with this scavengi ng functiaon,
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pot assi um gfaiistkersdp@rsabjedts who have suffered or are developing a heart attack and
used at the time of administration of blood clot-busting drugs such as
10 streptokinase. As the clot is dissolved, the presence of the composition may
protect the heart from further injury such as reperfusion injury. The
composition may be particularly effective as a cardioprotectant in those portions
of the heart that have been starved of normal flow, nutrients and/or oxygen for
. different periods of time. For example, the composition may be used to treat
15 heart ischaemia which could be pre-existing or induced by cardiovascular
intervention.

Thus, the present invention also provides a cardioplegic or
cardioprotectant composition which includes effective amounts of (i) a
potassium channel opener or agonist and/or an adenosine receptor agonist and

20  (i1) a local anaesthetic.

The potassium channel openers or agonists may be selected from
nicorandil, diazoxide, minoxidil, pinicadil, aprikalim, cromokulim, NS-1619
(1,3-dihydro- 1-[2-hydroxy5(trifluoromethyl)phenyl]5-(trifluoromethyl)2-H-
benimidazol-one),

25  amlodipine, Bay K 8644(L-type)(1,4-dihydro-26-dimethyl-5-nitro-
4[2(trifluoromethyl)phenyl]-3-pyridine carboxylic acid (methyl ester)), bepridil
HCI (L-type), calciseptine (L-type), omega-conotoxin GVIA (N-type), omega-
conotoxin MVIIC (Q-type), cyproheptadine HCl, dantrolene sodium (Ca®"
release inhibitor), diltiazem HCI (L-type), filodipine, flunarizine HCI

30  (Ca®/Na"), fluspinilene (L-type), HA-1077 2HCI(1-(5 isoquinolinyl sulphonyl)

homo piperazine.HC)), isradipine, loperamide HCI, manoalide (Ca®" release



agoni st and/or an adenosi ne receptor agonist and (ii) a local anaesthetic
for use 1in arresting, protecting and/or preserving an organ. 10 Accordi ng
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10 potassium channel, hyperpolarising the cell, depressing metabolic function,
possibly protecting endothelial cells, enhancing preconditioning of tissue and
protecting from ischaemia or damage. Adenosine is also an indirect calcium
antagonist, vasodilator, antiarrhythmic, antiadrenergic, free radical scavenger,

_ arresting agent, anti-inflammatory agent (attenuates neutrophil activation),

15 metabolic agent and possible nitric oxide donor.

In a preferred embodiment, the present invention provides a method for
arresting, protecting and/or preserving an organ which includes administering
effective amounts of adenosine and a local anaesthetic to a subject in need
thereof.

20 Suitable adenosine receptor agonists include NS-cyclopentyladenosine
(CPA), N-ethyicarboxamido adenosine (NECA), 2-[p-(2-
carboxyethyl)phenethyl-amino-5’-N-ethylcarboxamido adenosine (CGS-
21680), 2-chloroadenosine, N6-[2-(3,S-dimethoxyphenyl)-Z-(Z-
methoxyphenyl]ethyladenosine, 2-chloro-N°-cyclopentyladenosine (CCPA), N-

25  (4-aminobenzyl)-9-[5-(methylcarbonyl)-beta-D-robofuranosyl}-adenine (AB-
MECA), ([1S-[1a,2b,3b,4a(S*)]]-4-[7-[[2-(3-chloro-2-thienyl)-1-methyl-
propyl]amino]-3H-imidazole[4,5-b]pyridyl-3-yl]cyclopentane carboxamide
(AMP579), N°-(R)-phenylisopropyladenosine (R-PLA),
aminophenylethyladenosine JAPNEA) and cyclohexyladenosine (CHA).

30 The local anaesthetic can be selected from mexiletine, diphenylhydantoin

prilocaine, procaine, mepivacaine and Class 1B antiarrhythmic agents such as



| ungs, urinary organs such as the kidneys or bl adder, digestive organs such
as 30 the stomach, |iver, pancreas or spleen, reproductive organs such as
the scrotum testis, ovaries or uterus, neurological organs such as the
brain, germcells such WD 00/56145 PCT/ AU0O0/ 00226 as spermat ozoa or ovum
~and sonat wo e#6i4s such as skin cells, heart cells i.e., PAFOPHRE26 nerve
cells, brain cells or kidney cells. The_nethod of the present invention is
particularly useful in arresting, prot%cting and/ or preserving the heart
during open-heart sur ery_includin%_heart 5 transpl ants. O her
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i nduced by gaddiippasahtl Gther sdHi@hV@ahh&blockers could be used instead of or in
combination with the local anaesthetic in the method and composition of the
10 present invention. Examples of suitable sodium channel blockers include
venoms such as tetrodotoxin.

Thus, in a particularly preferred embodiment there is provided a method
for arresting, protecting and/or preserving an organ which includes

. administering effective amounts of adenosine and lignocaine to a subject in
15 need thereof. |

In another preferred embodiment there is provided a pharmaceutical or
veterinary composition which includes effective amounts of adenosine and
lignocaine.

For ease of reference, the “potassium channel opener or agonist and/or

20 adenosine receptor agonist” and the “local anaesthetic” will hereinafter be
referred to as the “active ingredients”.

The method of the present invention involves the administration of
effective amounts of the active ingredients for a time and under conditions
sufficient for the organ to be arrested, protected and/or preserved. The active

25 ingredients may be administered separately, sequentially or simultaneously and
in a single dose or series of doses.

The subject may be a human or an animal such as a livestock animal (e.g.
sheep, cow or horse), laboratory test animal (e.g. mouse, rabbit or guinea pig) or
a companion animal (e.g. dog or cat), particularly an animal of economic

30 importance.



Thus, the present invention also provides a cardiopl egic or

cardi oprotectant conposition which includes effective amounts of (i) a

pot assi um channel opener or agoni st and/ or an adenosi ne receptor agoni st
and 20 (ii) a local anaesthetic. The potassium channel openers or agonists
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mR//J In the ‘case of a human subject requiring treatment before, during or

10 following a heart attack or cardiovascular intervention, the preferred

concentrations of adenosine and lignocaine are set out in the table below.

Site of Injection = Type/Units Adenosine
. Lignocaine

Intravenous Infusion 1. 0.001-10 1. 0.0001-20

mg/min/kg 2. 0.01-5 2. 0.01-10
3. 0.01-1 3. 0.5-3

Intravenous Bolus 1. 0.0001-100 1. 0.001-1000
mg/kg 2. 0.001-10 2. 0.01-100

Intracoronary Infusion 1. 0.0001-100 1. 005-50
mg/min 2. 0.001-1 2. 0.005-5
(per heart) 3. 0.01-0.5 3. 0.05-2.5

Intracoronary ‘Bolus 1. 0.001-1000 1. 0.01-10,000
ug 2. 0.1-100 2. 1-1000
(per heart) 3. 1-20 3. 10-200

1 = preferably
15 2 =more preferably
3 = most preferably



and AV bl ockers such as verapam | and adenosine. It will be appreciated
that this list includes cal cium antagoni sts as potassi um channel openers
are indirect calciumantagonists. Adenosine is particularly preferred as
it is capable of opening the 10 potassium channel, hyperpol arising the
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may also be achieved by either continuous or intermittent delivery. For
10  example, heart arrest may occur by either continuous or intermittent perfusion
retrograde through the aorta in the Langendorff mode. However, it will be
appreciated that the preferred route will vary with the condition and age of the
subject and the chosen active ingredients.
The composition of the present invention is highly beneficial at about
15  15°C to about 37°C, preferably about 20°C to about 37°C, where longer arrest
times using St Thomas No. 2 solution can only be achieved when the
temperature is lowered, for example, down to about 4°C.
While it is possible for one or both of the active ingredients to be
administered alone, it is preferable to administer one or both of them together
20  with one or more pharmaceutically acceptable carriers, diluents adjuvants and/or
excipients.  Each carrier, diluent, adjuvant and/or excipient must be
pharmaceutically “acceptable” in the sense of being compatible with the other
ingredients of the composition and not injurious to the subject. The -
compositions may conveniently be presented in unit dosage form and may be
25  prepared by methods well known in the art of pharmacy. Such methods include
the step of bringing into association the active ingredient with the carrier which
constitutes one or more accessory ingredients. Preferably, the compositions are
prepared by uniformly and intimately bringing into association the active

ingredient with liquid carriers, diluents, adjuvants and/or excipients.
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(AMP579), N6-(R)-phenylisopropyl adenosi ne (R-PLA),

am nophenyl et hyl adenosi ne 9APNEA) and cycl ohexyl adenosi ne (CHA). 30 The

| ocal anaesthetic can be selected fromnexiletine, diphenylhydantoin

_ pril ocai ngyo purssessi ne, nepi vacai ne and C ass 113 anti ar r hpCamus0/aggent s such
as WO 00/56145 PCT/ AUOQO 00226 |ignocai ne or derivatives thereof, for

exanpl e, QX-314. Lignocaine is preferrd@ as it is capable of act i ng as a

| ocal anaesthetic probably by bl ocking sodiumfast channels, depressing
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as an oil-in-water liquid emulsion or a water-in-oil liquid emuision. The active
ingredients may also be presented as a bolus, electuary or paste.

10 A tablet may be made by compression or moulding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active ingredient in a free-flowing form
such as a powder or granules, optionally mixed with a binder (e.g.

. pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl methyl

15  cellulose), fillers (e.g. lactose, microcyrstalline cellulose or calcium hydrogen
phosphate), lubricants (e.g. magnesium stearate, talc or silica), inert diluent,
preservative, disintegrant (¢.g. magnesium stearate, talc or silica), inert diluent,
preservative, disintegrant (e.g. sodium starch glycollate, cross-linked povidone,
cross-linked sodium carboxymethyl cellulose), surface-active or dispersing

20 agents. Moulded tablets may be made by moulding in a suitable machine a
mixture of the powdered compound moistened with an inert liquid diluent. The
tablets may optionally be coated or scored and may be formulated so as to
provide slow or controlled release of the active ingredient therein using, for
example, hydroxypropylmethyl cellulose in varying proportions to provide the

25  desired release.profile. Tablets may optionally be provided with an enteric
coating, to provide release in parts of the gut other than the stomach.

Liquid preparations for administration prior to arresting, protecting
and/or preserving the organ may take the form of, for example, solutions, syrups
or suspensions, or they may be presented as a dry product for constitution with

30  water or other suitable vehicle before use. Such liquid preparations may be

prepared by conventional means with pharmaceutically acceptable additives



15 need thereof In another preferred enbodi nent there is provided a

phar maceutical or veterinary conposition which includes effective anounts
of adenosine and |ignocaine. For ease of reference, the "potassi um channel
opener or agoni st and/or 20 adenosine receptor agonist” _and the "|ocal

- anaest het WOOU6145 hereinafter be referred to as the "acfF@UMNGPi ents”.
The nmet hod of the present invention |n¥ | ves the adm ni stration of

ef fective anmounts of the active ingredients for a tinme and under conditions

suf fici ent fo the or to be arrested rot ected d/ or, preserved. The
active 25 .fﬂg CTRENHAGE LRER (P B BPLs SYEPar o1 [0 JSBHENEFS T or
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and/ or preé’émb’ﬂltﬁﬁd‘rﬁﬁ’@l%ﬁ%%bsed application. In the case of a human
subject requiri peniGAttond" dufiibie Rt B3PicBP BB i P $he mdllf include

lozenges comprising the active ingredients in a flavoured basis, usually sucrose
and acacia or tragacanth gum; pastilles comprising the active ingredients in an

10  inert basis such as gelatin and glycerin, or sucrose and acacia gum; and
mouthwashes comprising the active ingredients in a suitable liquid carrier.

For topical application for the skin, the active ingredients may be in the
form of a cream, ointment, jelly, solution or suspension.

‘ For topical application to the eye, the active ingredients may be in the

15  form of a solution or suspension in a suitable sterile aqueous or non-aqueous
vehicle. Additives, for instance buffers, preservatives including bactericidal and
fungicidal agents, such as phenyl mercuric acetate or nitrate, benzalkonium
chloride or chlorohexidine and thickening agents such as hypromellose may also
be included.

20 The active ingredients may also be formulated as depot preparations.
Such long acting formulations may be administered by implantation (e.g.
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for
example, the active ingredients may be formulated with suitable polymeric or
hydrophobic materials (e.g. as an emulsion in an acceptable oil or ion exchange

25  resins, or as sparingly soluble derivatives, for example, as a sparingly soluble
salt.

Compositions for rectal administration may be presented as a suppositry
or retention enema with a suitable non-irritation excipient which is solid at
ordinary temperatures but liquid at the rectal temperature and will therefore melt

30 in the rectum to release the active ingredients. Such excipients include cocoa

butter or a salicylate.



5 concentration of adenosine is preferably about 0.001 to about 20mM nore
preferably about 0.01 to about 10mM nost preferably about 0.05 to about
5mM and the concentration of lignocaine is preferably about 0.001 to about
20mM] nore preferably about 0.01 to about 10mM nost preferably about 0.05
_to about WRAWW/SEAS t he case of a human subject requiring tPEHEAHY X‘Pnﬁefore,
during or 10 followi ng a heart attack ogzncardl ovascul ar intervention, the
preferred concentrations of adenosi ne d l'ignocaine are set out in t he

tabl e below. Site of |I’lj€CtI0n Li Unj t sAdenosine i .g %
| nf usi onl. 0. 001- ¥on mragaeal pnd mmﬁvwxﬂéﬁm@ﬁﬁﬁ% FI@ﬁEV'B“EgIe ong rea_x 10

0.01-13. 0. 5]?§1%3}n8?%§4?%g Oﬁ?ﬁtﬂ:ﬁé & Q0MnadiBAL 0 A8hidi@%ion via a suitable

ng/ kg2. 0. 001-
metered or unit dose device or alternatively as a powder mix with a suitable

carrier for administration using a suitable delivery device.

5 Compositions suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations contaiming
in addition to the active ingredient such carriers as are known in the art to be
appropriate.

Compositions suitable for parenteral administration include aqueous and
10 non-aqueous isotonic sterile injection solutions which may contain anti-
oxidants, buffers, bacteriostats and solutes which render the composition
isotonic with the blood of the intended subject; and aqueous and non-aqueous
sterile suspensions which may include suspending agents and thickening agents.
. The compositions may be presented in unit-dose or multi-dose sealed
15 containers, for example, ampoules and vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of the sterile liquid carrier,
for example water for injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared from sterile powders,
granules and tablets of the kind previously described
20 When the composition is for verterinary use it may be prepared, for
example, by methods that are conventional in the art. Examples of such
veterinary compositions include those adapted for:
(a)  oral administration, external application, for example drenches (e.g.
aqueous or non-aqueous solutions or suspensions); tablets or boluses;
25 powders, granules or pellets for admixture with feedstuffs; pastes for
application to the tongue;
(b)  parenteral administration for example by subcutaneous, intramuscular or
intravenous injection, e.g. as a sterile solution or suspension; or (when
appropriate) by intramammary injection where a suspension or solution

30 is introduced into the udder via the teat;



I nt racoronaryl nfusionl. 0. 0001- 1001. 005-50 ng/ m n2.0.001-12. 0. 005-5 (per
heart)3.0.01-0.53.0.05-2.5 IntracoronaryBol usl. 0.001-10001.0.01-10, 000 g2.
0.1-1002. 1-1000 (per heart)3. 1-203.10-200 1 = preferably 15 2 = nore
preferably 3 = nost preferably WO 00/56145 PCT/ AUOCO 00226 The active
_ 1 ngredi enWO#145e admi ni stered by any suitable route i RETHANNE2 4l |

i nplant, rectal, inhalation or insuffl gltsl on (through the nmouth or nose),
topi cal (including buccal and sublinguaf), vaginal and parenteral
(i ncludi ng subcutaneous,. i ntranuscul ar, intravenous, intrasternal ,and 5
i ntrader mal(¢) PrigpisabanDlicatiQiics. §6 AAIFaR, QIRTTRATE Or ﬁB@ﬁ’taPQiPPgé‘? {hegykin;
cardi ovascul ar jntervention applications will be achieved by m xing the
active ingredients with the blood of the subject or subjects having a
simlar bl o@) t)ipeavapivalceigyves a pegandicenrnsort foem.enter the coronary
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conventional in the art having regard to the type of composition in question, for
example, those suitable for oral administration may include such further agents
as binders, sweeteners, thickeners, flavouring agents, disintegrating agents,
coating agents, preservatives, lubricants and/or time delay agents.

10 Suitable sweeteners include sucrose, lactose, glucose, aspartame or
saccharin. Suitable disintegrating agents include corn starch, methylcellulose,
polyvinylpyrrolidone, xanthan gum, bentonite, alginic acid or agar. Suitable
flavouring agents include peppermint oil, oil of wintergreen, cherry, orange or

. raspberry flavouring. Suitable coating agents include polymers or copolymers

15  of acrylic acid and/or methacrylic acid and/or their esters, waxes, fatty alcohols,
zein, shellac or gluten. Suitable preservatives include sodium benzoate, vitamin
E, alpha-tocopherol, ascorbic acid, methyl paraben, propyl paraben or sodium
bisulphite. Suitable lubricants include magnesium stearate, steric acid, sodium
oleate, sodium chloride or talc. Suitable time delay agents include glyceryl

20 monostearate or glyceryl distearate.

A preferred pharmaceutically acceptable carrier is a buffer having a pH
of about 6 to about 9, preferably about 7, more preferably about 7.4 and/or low
concentrations of potassium, for example, up to about 10mM, more preferably
about 2 to about 8 mM, most preferably about 4 to about 6mM. Suitabie buffers

25 include Krebs-Henseleit which generally contains 10mM glucose, 117 mM
NaCl, 5.9 mM KCI, 25 mM NaHCO; 1.2 mM NaH,PO, 1.12 mMCacCl; (free
Ca’*=1.07mM) and 0.512 mM MgCl, (free Mg’"=0.5mM), St. Thomas No. 2
solution, Tyrodes solution which generally contains 10mM glucose, 126 mM .
NaCl, 5.4 mM KCI, I mM CaCl,, 1 mM MgCl,, 0.33 mM NaH,PO, and 16 mM

30 HEPES (N-[2-hydroxyethyl]piperazine-N’-[{2-ethane sulphonic acid], Fremes
solution, Hartmanns solution which generally contains 129 NaCl, 5 mM KCl, 2



appreci ated that the preferred route will vary with the condition and age
of the subject and the chosen active ingredients. The conposition of the
present invention is highly beneficial at about 15 1 5C to about 37C,
preferably about 20C to about 37C, where |longer arrest tinmes using St
~ Thonmas Now@o®sslast i on can only be achi eved when the tenPETeUIN/@I2RE

| onered, for exanple, down to about 4C. Wiile it is possible for one or
both of the active ingredients to be ddministered alone, it is preferable
to adm nister one or both of themtogether 20 with one or nore
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exci pi ent s. POARSSOUR 5 damage odysing eardiepoopigst.  Afier surgery defects a

neonate/infant’s heart may not return to normal for many days, sometimes
requiring intensive therapy or life support. It is also advantageous to use

10  carriers having low concentrations of magnesium, such as, for example up to
about 2.5mM, but it will be appreciated that high concentrations of magnesium,
for exampie up to about 20mM, can be used if desired without substantially
effecting the activity of the composition.

In a further preferred embodiment the present invention provides a

15  pharmaceutical or veterinary composition which includes adenosine, lignocaine
and a pharmaceutically acceptable carrier which contains up to about 10mM
potassium.

In a still further preferred embodiment, the present invention provides a
pharmaceutical or veterinary composition which includes adenosine, lignocaine

20  and Krebs-Henseleit buffer.

The composition may also advantageously be presented in the form of a
kit in which the active ingredients are held separately for separate, sequential or
simultaneous administration.

It will be appreciated that the composition of the present invention may

25  also include and/or be used in combination with known medicaments depending
on the proposed application. For instance, medicaments which substantially
prevent the breakdown of adenosine in the blood such as nucleoside transport
inhibitors, for example, dipyridamole could be used as additives in the
composition of the present invention. The half life of adenosine in the blood is

30  about 10 seconds so the presence of a medicament to substantially prevent its

breakdown will maximise the effect of the composition of the present invention.



The present invention also extends to a pharmaceutical or veterinary
conposition which includes the active ingredients and a pharmaceutically or
veterinarily acceptable carrier, diluent, adjuvant and/or excipient.
Conpositions of the present invention suitable for oral adm nistration 5
may be pras@ewssiisas di screte units such as capsul es, sacKRETAUGHEEG| et s
~each containing a predetermnm ned anount of the active ingredients; as a
powder or granules; as a solution or é5suspension i n an aqueous or
non-aqueous liquid; or as an oil-in-water liquid enulsion or a

wat er - i n- oi IDipymdardolemould advantdpeoudly ibgeinciudgd anliconcentratipna feoan lsboytr esent ed
as a bolus, ,electuary o ste.. 10 A, tablet m de ressi on or
nmoul di ng, o%ﬁp al9 [hP@ngﬁﬂoﬁnﬁDP@Saggggé&ﬁy%%ﬁg%%dW§ﬁti&ﬂggﬁﬁébssed
tabl ets maych@ioptReaiddd Hipyridapleemay ipplentens thé ationdref hidefodife bact i ve
ingredient in a free-flowng form such as a powder or granules, optionally
m xed with @whififegadgrosine tisnspast Ahieh Jaereasss easedtation.~ This could be
pol yvi nyl py ' o l: L fhllers (e.g.
act ose” meBeypap SpphrURE 8¥poSTRLI: aciinidionell iefiniuchiny. 0>

| ubri cants (e. g.Otegrexaimpless of aneadieamemts cinoludei tiot-bpsting elriggishele rds,
preservative, disintegrant (e.q. nesiumstearate, talc or silica), inert
diluent, pFERkiBASEy s Qa%ﬁfﬁeggqag?ﬁ% T PR eRCSdr %aeﬂr%ﬁfﬂcgt%‘?
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surface-active or dispersing 20 agents. Mul déd tablets nay be made by

moul di ng i ndevekpingdheartatdikne a mi xture of the powdered conpound

ol st enl%d W th e {]ne\"rré}lticl)ﬂ %ﬁldng\;fl ll)Jee%s'cri-ggg with reference to the following

examples. These examples are not to be construed as limiting in any way.

In the example, reference will be made to the accompanying drawings in
which:

Figure 1 is a graph of aortic flow vs time comparing hearts arrested using

15 100uM adenosine and 0.5 mM lignocaine in Krebs-Henseleit and St. Thomas
Hospital No. 2 solution;

Figure 2 is six graphs showing heart, rate systolic pressure, aortic flow,
coronary flow, MVO02 and rate pressure product recovery from 30 mins
intermittent ischaemia;

20 Figure 3 is six graphs showing heart rate, systolic pressure, aortic flow,
coronary flow, MV02 and rate pressure product recovery from Zhrs intermittent
ischaemia;

Figure 4 is six graphs showing heart rate, systolic pressure, aortic flow,
coronary flow, MV02 and rate pressure product recovery from 4hrs intermittent

25  ischaemia;

Figure 5 is a bar graph providing a summary of the results of Figures 2 to
4;

Figure 6 is six graphs showing heart rate, systolic pressure, aortic flow,
coronary flow, MV(02 and rate pressure product recovery from 2hrs of

30 intermittent ischaemia using neonate rat hearts;



tablets may optionally be coated or scored and may be fornulated so as to
provide slow or controlled release of the active ingredient therein using,
for exanple, hydroxypropyl methyl cellulose in varying proportions to
provide the 25 desired release. profile. Tablets nay optionally be provided
_with an eM@¥¥5€145coating, to provide rel ease in parts of PERAUWHPO2%K her t han
the stomach. Liquid preparations for ag I nistration prior to arresting,
protecting and/or preserving the organ“nay take the formof, for exanple,
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use. - Such |} aui t : : i . means with
phar maceut i%ﬁalﬁ@néé%ggélgb#@?}zgg%?ﬁlsm%%ggﬁ%gq%ggﬁ%%g%ﬁ%’ow26 such as
suspendi ng agentRig@e. §.1s Sourbgtaphs showing 2@ kacheear inv adti ezst o1 vivo

hydr ogenat ed.edi bl e fats); emul sifyi agent .0, lecithin or acacia);
non- aqueoufg’“(‘?gllﬁ% F@@“d@e%mﬁﬁ%ﬂyﬁgg? ‘%’ﬁ?"iﬁiﬁ%’i’f‘ ?O%’E“i’l%{g@lgg'ﬂﬂcﬂngor
fractionat g o%@i%t(f‘ﬂbﬁxg@fhi)%)tilnﬂ)}ﬁﬁﬁw@é fa¢es (e.g, methyl or

propy! - p- hydf oxybenzoat €s or 5 sorbic acidf; and energy sources (e.g.
car bohydr at es suUtupuras9 gisus ogreph f shiowingi Amiasisphiamiaaire ret heait niz svpd) .

ARG TR O TS (T RRTE, A A
sucrose lignocaine (12.6mg/ml) at 1mi/hour/300g rat;
Figure 10 is four graphs showing 20min ischaemia in rat heart in vivo

10  following coronary artery ligation when infused with adenosine (3.15mg/ml)
and lignocaine (12.6mg/ml) at 1ml/hour/300g rat;

Figure 11 is four graphs showing 30min ischaemia in rat heart in vivo
following coronary artery ligation when infused with adenosine (1.6mg/ml) and
. lignocaine (12.6mg/ml) at Iml/hour/300g rat;

15 Figure 12 is a graph showing 30min ischaemia in rat heart in vivo
following coronary artery ligation when infused with adenosine (1.6mg/ml) and
lignocaine (12.6mg/ml) at Iml/hour/300g rat;

Figure 13 is two graphs showing the change in ATP and PCr versus time
of ischaemia during a heart attack in vivo with and without the presence of AL;

20 Figure 14 is two graphs showing the change in lactate and myocardial pH
versus time of ischaemia during a heart attack in vive with and without the
presence of AL; and

Figure 15 is two graphs showing the change in glycogen and rate
pressure product versus time of ischaemia during a heart attack in vivo with and

25  without the presence of AL.

In the examples, “AL” refers to composttions containing adenosine and

lignocaine.

EXAMPLE 1
30 This example compares the effects of adenosine (100puM) cardioplegia
with hyperkalemic St. Thomas Hospital No. 2 solution (16 mM K" on



and acacia or tragacanth gum pastilles conprising the active ingredients
in an 10 inert basis such as gelatin and glycerin, or sucrose and acacia
gum  nout hwashes conprising the active ingredients in a suitable Iiquid
carrier. For topical application for the skin, the active ingredients may
~be in thewooyseld5f a cream ointnent, jelly, solution or PSEAIERHE230. For
topical application to the eye, the active ingredients may be in the 15
formof a solution or suspension in a dditable sterile aqueous or
non- aqueous vehicle. Additives, for instance buffers, preservatives
i ncl udi ng biwctenali dedovenyd afitnreyipeindd| ofigginbal, ischetmies ysimgnydontisuausr i ¢
acetate or nitrate, benzal konium chloride or chlorohexidine and thickening
agents suchP s‘?fi}brorrel | ose may al so be included. 20 The active

i ngredi ents may Hést femimdeukof Sorame dRnby R4S PRE BY)i wiS perfuédfdra0g acting
formul ati ons may be adm ni stered | antation (e. Subcut aneously or
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sparingly soluhle t. Conposition Qr rectal adm nistration may be
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2 solution (0.2 micron filter) (n=8). Following either 30 minutes or 4hrs of
10  arrest, the hearts were switched back to normal antegrade perfusion with Krebs-
Henseleit pH 7.4 @ 37°C. Heart rate, coronary flow, aortic flow, aortic
pressure and oxygen consumption were monitored. Statistical significance was

assessed using a Student t-Test.

15 Resuits
Hearts arrested for 30 minutes using adenosine cardioplegia achieved

quiescence in half the time compared to St. Thomas No. 2 solution (30 vs 77
seconds, p<0.0001). During arrest under a constant perfusion pressure,
coronary blood flow was 30% greater using adenosine cardioplegia (p<0.05).

20  Faster recoveries were found in AL hearts in aortic pressure, aortic flow and
cardiac output during reperfusion. After 5 min into reperfusion, the heart rate,
aortic pressures, aortic flow, coronary flow, cardiac output and O, consumption
were higher in the AL hearts (Table 1). Higher aortic flows were aiso found at
15, 25 and 35 min against a perfusion head of 100 mmHg (Figure 1).

25



30 in the rectumto release the active ingredients. Such excipients include
cocoa butter or a salicylate. WO 00/ 56145 PCTI AU00100226 12 For

i ntranasal and pul nonary adm nistration, the active ingredients nay be
formul ated as sol utions or suspensions for admnistration _via a suitable
met er ed oWOUMIS6148lose device or alternatively as a powder PRTRUG0F6,
suitable <carrier for admnistration using a suitable delivery device. 5
Conpositions suitable for vaginal ad®nistration nay be presented as

pessaries, tampons, creams, | gels, pastes, foans or spray fornul atijons
containing in adgitiop to tlhe actiwve ingredient such carriers as jare known
in the art to be Zapprbpriatpe. Qon'@)sgtlgnsses%tagbl &fqe parentergl
adm ni stration ing€l udel aquequs s\mdg 1 n&n-;&qt{g}mﬁ |$ot59n| c sterille
i njection solutio8s whjch nay cont&@ n anti- oXi'dants, buffers,
bacteri ostats andssol ut§s whi ch render the conmposition isotonic with the
bl ood of the intefded SZbjedt; and aqueous and non-aqueous sterilfe
suspensi ons whi chEmay j&cl uda, suspendi-ng,aggnt® apd 4 hickeni ng agents.  The
conpositions may be pr L{{éem‘ecﬁi € ug trose ®r Qul+i ~do seal ed 185
containers, for exanplley Fmifyl & &ndviFl st and Tieytlberstored in |a
freeze-dried (|y£phl||me® nl t EonZr egui |@ chw’t@ addi tion jof the
sterile liquid cagrier,8 forlTexanple water for injections, inmedigtely
prior to use. Extgrrporaéleous :
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i njection solutions and suspensions may be prepared fromsterile powdlers,
granul es and tablets of the kind previously described 20 Wen the
conposition is for verterinary use it nmay be prepared, for exanple, by
nmet hods that are conventional in the art. Exanples of such veterinary
conposi ti ans oossgdsude t hose adapted for: (a) oral adm ni stRCIIAWH022&t er na
application, for exanple drenches (e.g. (b) agueous or non-agueous

sol utions or suspensions); tablets oridoluses; powders, granules or
pellets for adm xture with feedstuffs; pastes for application to the

tongue; parent & al adnlnlstratlon for| exanpl e byusu@cuianeous
intranuscular d? i nt ravenous |nbect|on, e.g. asmh-gteglle sol ution or
suspensi on; when appropriat$) by iﬁtranannagy Snpﬁcﬁ?on where a
suspensi on or lution 30 is |ntgoduced 5nto theﬂu@getnvga the teat; WO
00/ 56145 13 PC‘%AUOO/ 00226 (c) tgpical aﬁpl i cation, ;e 3. Sas a cream
oi nt ment or spnay applied to thqgsklr; or (d) |Ettavqglﬁally e.g. as a
pessary, creamdr foam It shoulg be [under st ood ghag Qp addition to the
i ngredi ents parﬁl cularly 'S
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5 menti oned above,
agents conventi onal
guestion, for
such further agents
. di si nt egr YO M¥p6:Fent s,
ti me del ay agents.
gl ucose, aspartanme or
corn starch,
bentonite, alginic aci
peppermnt oil, oil |of
. flavouring. Suitable¢ c
acrylic acid and/or
al cohols, zein, shel
benzoate, vitamn E
propyl paraben or so¢di
stearate, steric actd,
time delay agents i ncl
A preferred pharnmaceut
about 6 to about 9, |pr
| ow concentrations|of
preferably about 2|to
Suitable buffers 25{in
gl ucose, 117 mV

After Smin Reperfusion

Table 2 cont.

exanpl e,
as binders,

met hyl ¢el |

et

those suitable for ora
sweet ener s,

coating agents, preservatives,

10 Suitabl e sweeteners include sucrose,

Sui4%bl e di si nt egrat
X

sacchari n.
ul ose, pol yvinyl pyrrolidone,

haquracuacuq Sndror +f h€ir este
hC or gguten Sui t abl e preservat
|l pha- tgcopherol, ascorbic acid,
um  bi sul phite. Suitable |ubrica

sodium ol eate, sodiumchloride
ide gl yceryl 20 nonostearate or
cal cceptable carrier is ab
ef er@bly @Hol ¥ord pref er abl
potﬁss&ugklﬁorbex gnptre, Vup to a
abcat B Host prefbrably abo
:qug Krebs- Hensel eit whi ch gene
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I or aggr. Suitable flavouring
W nt,ergreeng, cherry, Lorange or
pat iy Ageht s"'l Acl Hdecp%ymrs of

t he conpositions of this invention may include other

in the art having regard to the type of conposition in
adm ni stration may include
t hi ckeners,

flavourin
| BSTIALSpG2
| act ose,
ng agents include
ant han gum
agent s i ncl ude
raspberry

copol yners 15 of
s, waxes, fatty
ves include sodi um
nmet hyl par aben,
nts i nclude magnesi um
or talc. Suitable
gl yceryl distearate.
uf fer having a pH of
y about 7.4 and/or
pout 10nmM nore
ut 4 to about 6nmM
rally contains 10nM

agents,
nd/ or




NaCl, 5.9 MM KC,. 25 nM NaHCO3, I.2 nM NaH2PO4, 1. 12 nMCaCl 2 (free Cat
=1.07mM and 0.512 MM Mgl 2 (free My ,=0.5nmV), St. Thomas No. 2 solution,
Tyrodes sol ution which generally contains 10mM gl ucose, 126 mM NaC, 5.4
mMMKC, | nMCaCl2, 1 nMMCl2, 033 mM NaH 2PO4 and 10 mN1 30 HEPES

(N-[ 2- hydwmopssiay| ] pi per azi ne- N - [ 2- et hane sul phoni ¢ aci BFT/APAENE

- solution, Hartmanns sol ution which generally contains 129 Nad, 5 nM KC1, 2

WD 00/ 56145 14 PCT/ AUOQ/ 00226 iVl CaCR2 and 29 nMil actate and
Ri ngers-Lactate. On¢ advantage of using |ow potassiumis that it renders
the present conposition |essgnjurous to the sulbject, in particular
pedi atric subjects such as.,negnat egjinfants, Hg pot assi um has been
| inked to an accunul ation gf Ea@l trm i eh mayﬂb 5 associated with
irregul ar heart beats durlﬁgﬁewvay, h@arf ge and cell swelling.
Neonat es/infants are¢ eyen nor susceptl bl e than dults to high potassium
damage during cardi ac arrest ~After surgery for defects a neonate/infant's
heart may not returp to normal for nany days, sonetinmes requiring
intensive therapy of life support. It is also adyantageous to use 10
carriers having | ow concengtrati ons of magnesi um |such as, for exanple up to
about 2.5mM but it|wll bg'a‘-gpreci ated that high concentrations of
magnesi um for exanpl e uthOEal@u@ 20V can hejused if desired without
substantially g = o o> ~ 0w
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effecting the activity of the conposition.
enbodi nent the present
veterinary conposition which includes adenosine,
pharnaceutically
_ pot assi umWQ§/5a145, j | |

provi des a pharnmaceutical or veter

%

adenosi ne, lignocaine [20 and Krebs-Hénseleit buffer.
al so advant ageousl y|be|presergged in the form of 3
ingredients are hel d separgtegy for, separatg, se
admini stration. It will begappr&i & ed: tkat It he
invention may 25 alsolinckude amdﬁbr“be“hsgd in
medi canent s dependi g |on theiproposed applicati
medi caments whi ch substantialty prevent the brej
bl ood such as nucl epsi de transport inhibitors, |
coul d be used as addit vesSin the conposition of
The half life of adenosinegin the blood is 30 ab
presence of a nedicanept t® s@bgfantially prevent
maxi m se the effect|of |the,cdEpasi fj’og ofg tEe 3 ¢
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i nvention provides a 15 pharmaceuti cal

acceptabl e carrier which contains up to
further preferred enbodi nent,
ry conposition which includes

In a further preferred

or
| i gnocaine and a

B&gégj h?’ao%g\\/ﬂe ntion

t he

The conposition may
1 in which the active
juenti al or sinultaneous
conposi tion of the present
conbi nati on with known

bn.  For instance,

akdown of adenosine in the
or exanpl e, dipyridanole
the present invention.
put 10 seconds so the
breakdown wi ||

i nvention. WO

ki t

its
psent




PCT/ AU00/ 00226 Di pyri danol e coul d advant ageously be included in

concentrati ons from about
cardi oprotection.

with respect to
of adenosi ne by

vasodi | at ive000/564455 coul d be

0.1nMto about 10 nmM a

5 particularly inpor

nd has maj or advant ages

D pyri danol e nmay suppl enment the actions
i nhi biting adenosine transport which increases

tant wheCHHOWERposi tion

" is admnistered intermttently. Other exanples of medicanments include

clot-busting drugs duchH as streptokifhse. As di Scussed earlier, the
conposition could bg adm nistered at the tinme ofl adm ni stration of
strept oki nase in subjegts whoghave suffered or arle developing a heart
attack. 10 The invention Ignqyyba desq¥ i % dgMith reference to the
followi ng exanples. Tresezexgr’rpbesoar‘% mt 0°bg construed as limting in
any way. In the exanple, r€feEence W11 be rdde tlo the acconpanyi ng
drawi ngs in which: Figure 1 i a graph of aortlc flow vs tinme conparing
hearts arrested using |15 100g M adenosine and 0.5 nM | ignocaine in
Krebs-Henseleit and|St. Thgmas Hospital No. 2 sqglution; Figure 2 is six
graphs showi ng heart|, rategsystolic pressure, aoritic flow, coronary flow,
M/02 and rate pressure proHuc’E‘ recoyery f‘; m30 nfins intermttent
i schaem a; 20 Figure 3 %legrraprE $hO\Nt ngr heart rate, systolic pressure,
aortic flow, & B g + g +
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coronary flow, MV02 and rate pressure product recovery from 2hrs
intermttent ischaema; Figure 4 is six graphs show ng heart rate,
systolic pressure, aortic flow, coronary flow, M/02 and rate pressure

pr oduct recoverY fromdhrs intermttent 25 ischaem a; Figure g/'g a bar
. graph proW@P¥¥4% summary of the results of Figures 2 to FEIHH®YE* s six
graphs show ng heart rate, systolic pr gsure, aortic flow coronary flow,
MV02 and rate pressure product recoverg from2hrs o 30 intermttent
i schaem a u m nate rat hearts; WO 00/56145 16 PCT/ AU00O/ 00226 Figure 7
s four E gZOmnlschaem'ainrat heart in vivo follow ng

cor onary artery AbGR YR als \ 30ePURAOBLHrdd GG Ah0IndtbY NeBikibei gUr e 8 1 s

four graphs showi ng 2 heart~in vivo | ow ng
coronary arEmpllngmdthan\smactedltmemmmmd@ammsehs(c@s&@ahvy and 5

| i gnocai ne (12. /m.% t %P ur/ 3008 rat_ ; F{,@ur | $.8 aﬁ)q show
30mi n i schaenia &iRFEUSY) MR RS 5‘?‘8‘}%;3}19 Dr taer°§? Y8%at i on
when i nfas eyyuw héﬁ’&%@sﬁ()ﬂﬁnﬁﬁ a3t80 HEhts ande shWi@Red Habk fick? tBeWdtkingat 1
m / hour/300g rat; Figure 10 isS four graphs show ng 20m n |schaema in rat
heart in vimede to the Lagendorff mode. After stabilisation, the hearts were arrested using

50mt of either adenosine plus lignocaine cardioplegia or St Thomas Hospital No
2 solution. The aorta was then cross-clamped and the heart left to sit arrested for
20min (except in 30 min intermittent arrest protocol), after which the clamp was
10 released and 2min of arrest solution delivered from a pressure head of 70
mmHg. The clamp was replaced and this procedure continued for up to 30mins,
2hrs and 4hrs at 37°C.

Intermittent cardioplegic delivery is the method commonly used
_ clinically in contrast to continuous perfusion in Example 1. During Intermittent

15  arrest, the aorta of the subject is clamped and the arrest solution administered.

After a few minutes, the heart is arrested and cardioplegia delivery stopped.

The heart remains motionless to permit surgery. The arrest solution is
administered again every 30 min for few minutes to maintain the heart in the
arrested state to preserve and protect the heart muscle. Between these times, the
20 heart muscle slowly becomes ischaemic indicated by the production of lactate
and fall in muscle pH. For this reason, intermittent perfusion delivery is often
called intermittent ischaemic arrest. The results are shown in Tables 3 to 7

below and Figures 2 to 5.

25  30min Ischaemic Arrest At 37°C
Table 3 and Figure 2 show that A-L arrests in half the time of St
Thomas solution 21s (n=7) vs 53s (n=10). All hearts returned function to the

same level following reperfusion (no significant difference between groups).

30



10 follow ng coronary artery ligation when infused wi th adenosi ne

(3.15mg/ M) and lignocaine (12.6ng/ M) at | m/hour/300g rat; Figure | | is
four graphs showi ng 30mn ischaema in rat heart in vivo follow ng
coronary artery ligation when infused with adenosine (1.6 /mg and

| i gnocai nwa(@ZsBg/ m ) at | ml/hour/300g rat; 15 Figure 1¥CTAUAVYR2MN

"~ showing 30nin ischaema in rat heart in vivo follow ng coronary artery

| i gati on when infused with adenosine (%5. 6ngl M) and |ignocaine (12.6ng/ m)
at 1m /hour/300g rat; Figure 13 is two graphs show ng the change in ATP and
PCr versus Tablke3 of ischaenmia during a heart attack in vivo with and

w t hout the presence of AL; 20 Figure 14 is two graphs show ng the change
in lactate and myocardi al pH versus tine of ischaem a during a heart attack
in vivo w tOnaacterstiufiadulicedrt SSiinda tarmitibnt AvdstFiAgtifesed byi s two graphs
show ng the change_in gl ycogen, and, rat ressyre pr ct versus tinme of

i schaeni a dﬁéqw&%aﬂﬁ%%g?%a%?aa@wp egia And t\#’t"ﬂ”’é%"sl)g%lo%?‘ftﬁ%{ﬁ“‘t e presence
of AL. In tigmaxairdioplegia gMlise 4f6ra5minPeeiodpofidriioomnggng)ai ni ng adenosi ne

and i QHWMMF%%W
adenosi ne (1004M cardiopl egi a AP gP9eaEni ¢ & ThOfMSmas Hodpital No. 2

solution (16 MM K) on Cardioplegia Hospital Solution
- {(n=7) No. 2 (n=10)
Arrest Time (s) 21.43 52.78 p<0.01
+3.92 +5.65
Time to First Contraction 147.14 133.67 ns
Following Reperfusion (s} +14.95 +31.44
Time to Recover 100mmHg 302.14 309.44 ns

+21.87 +30.15




WO 00/ 56145 17 PCT/ AUOCO 00226 functional recovery after a period of gl obal

i schaem a using continuous perfusion. Hearts from mal e 450g Sprague- Daw ey

rats (n=19) were perfused for 30 mnutes in the working node (preload 7.5
; afterload 100 mmHg) with 5 Krebs-Henseleit pH 7.4 buffer at 37C.

_ Hearts wer¥OOHei45arrested in a retrqgrade node at a const®Si{AYEE, e of 70

mtg with either (i) a solution cort’ai ning .100 uM adenosi ne and 0.5 niM

lignocaine in filtered Krebs- Henseleit (10 nM glucose, pH 7.6- 7.8 @370

(n=11) or (ii) St. Thofmsf No 2 solution (0.2 mcron filter) (n=8).
Fol lowing either 30 m putes or 4hrd of 10 arrest, the hearts were sw tched
back to normal antegrade perfusi ong wid h‘gd(r_@bs- Henseleit pH 7.4 @37C.
Heart rate, corondly flowBaortic§| dwgadti pressure and oxygen
consunption were rbnit )recﬁ Stati sﬁi @al:Ssignid i cance was assessed using a
Student t-Test. 1%0Resultfs Hearts?rﬁestae for 30 m nutes using adenosine
cardi opl egi a achi &ed |quj escencegn hat't The time conpared to St. Thonas
No. 2 solution (SGEVS /7 | seconds, p<0.0001). During arrest under a
constant perfusiogs pregsure, . coronary blood flow was 30% greater using
adenosi ne car di oplegi af (p<0. §5) .
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20 Faster recoveries were found in AL hearts in aortic pressure, aortic
flow and cardiac output during reperfusion. After 5 min into reperfusion,
the heart rate, aortic pressures, aortic flow, coronary flow, cardiac
out put and 02 consunption were higher in the AL hearts (Table 1). Hi gher
aortic fl ewmonvssi4 al so found at 15, 25 and 3 5 mi n agai RET/AVONEREG S| on
" head of 100 mmHg (Figure 1). 25 WO 00/56145 16 PCT/ AUQQ 00226 WD 00/ 56145

19 PCT/ AUOOI 00226 WD 00/ 56145 PCT/ AJOQ 00226 WO 00/ 56145 PCT/ AUOCQ' 00226 WD
00/ 56145 PCT/ AUOD 00226 00/ 56145 PCTI AUCQO 00226 WO PO/ 56145
PCT/ AUCO 00226 24 EXAMPLE® Adult Wstar rats (350g) were prepared using
t he met hod described irfs @arrple-z‘gangb ther@su@l ected fo internittent
perfusion as di s¢ussed %el?w N ft 23 2
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Intermttent retrograde perfasion was perfornmed under a constant 5 pressure
head of 70mMHg after hearts were switched back fromthe working node to

t he Lagendorff node. After stabilisation, the hearts were arrested using
50m of either adenosine plus |ignocaine cardioplegia or St Thomas Hospital
No 2 sol Ma®#614Fhe aorta was then cross-clanped and t hePREAPPOQ02I: o sit
arrested for 20mn (except in 30 gn intermttent arrest protocol), after
which the clanp was 10 rel eased and " 2m n of arrest solution delivered from

a pressure head of yO mmHg. The cl anp was replaced and this procedure
continued for up{to|30mns, 2hrs and 4hrs at 37C| Intermt-tent
cardioplegic del{vefy is the method commonly used clinically in contrast
to continuous perfusiongin Exanple 1. During Intéermttent 15 arrest, the
aorta of the subject isEclanped and the arrest solution admnistered. After
a few mnutes, the heart is arrested and cardi oplegia delivery stopped.
The heart remaing nptionless to permit surgery. The arrest solution is
adm ni stered agaln every 30 min for fewmnutes o naintain the heart in
the arrested state[to preserve and protect the heart nuscle. Between these
times, the 20 heart| muscl sl owl y becores ischaefic indicated by the
production of lartate @ndfall 4 nGruscle fA. Fof this reason, internittent
perfusion delivery |s cft cafi ed i@t eI met ent | i schaernic arrest. The
results are showh ih Tables 3 to 7Ttbel ow ahd Figures 2 to 5. 25 30min
| schaenmic Arrest| At{37'C 2
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Table 3 and Figure 2 show that A-L arrests in half the tinme of St Thomas
solution 21s (n=7) vs 53s (n=10). All hearts returned function to the sane
| evel follow ng reperfusion (no significant difference between groups). 30
WO 00/ 56145 PCT/ AUOQ 00226 25 Table 3 Characteristics of Adult Heart 30m n
~Interm ttwuoassrasst * Achi eved by Adenosi ne/ Li gnocai ne CEFEAMEMREI@ and St
Thomas Hospital Solution No. 2 *(2Zfn cardioplegia pulse after 15 mca

periods of aorti¢ clianpi ng) Adenosi ne/Li gnocai ne|St Thomas Cardi opl egi a

Hospi t al

Sol uti on

n=7)

0 2 (n=10) Arrest Tine

anldy.

(s)21.4352. 78p<0. 01

+3.92+5.65 Tinme to Fi rsg

nt rag_\tli 141@3. 67ns Fol | owi ng Reper fusi on
(s)_14.95X31. 44 T ] O«

:’:;c:ioo
-+

= J-*:]

DA

MV

(pmol/m

RP Product
(mmHg/min)
29403
+ 1231
93
31154
+ 1464
91

Output
+1.95
84
42.41
77

+3.28

Cardiac
49.09

(ml/min)

Flow
16.49
+1.51
76
17.08
+1.20
88

(ml/min)

Coronary

86
22.26
+332

29.60
+2.83
68

After 30min Reperfusion
(ml/min)

Aortic Flow

+2.61
97

122.16

+1.62
99

124.84

Systolic
Pressure
(mmHg)

255.17
+12.29
92

Hearf Rate
(bpm)
236.94
+13.75
97

n
7
10

Table 4 cont.
Adenosine

+ Lignocaine
Cardioplegia
St Thomas
Hospiltal
Solution No 2




Time to Recover 100mmHg302. 14309. 44ns +2 1.874-30.15 WO 00/ 56145
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PCT/ AUCQ 00226 WD 00/ 56145 PCT/ AUOQ 00226 29 0 V wo 00156145

PCT/ AUOCQ 00226 30 WD 00/56145 PCT/ AUOO/ 00226 31 2hr
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whi ch recovered (n=4) had 50-90% aortic flow, 70-120% heart
A-L hearts recovered 80% aortic flow, 95% heart
10 Table 5 Characteristics of Adult
| schaem ¢ Arrest* Achieved by Adenosine/Lignocaine

Sol ution No. 2
20 mn of aortic clanping) Adenosine/ nSt Thomas

100% systolic pressure.
rate and 95-100% systolic pressure.
Rat Heart 2hr
Car di opl egiceossemds St Thomas Hospi t al
" pul se repeated after

rate and 90-

* ( 2nPAT/BHPUII egi a

Li gnocai neHospi tal Cardi opl egi aSol uti ohl No. 2 Arrest Time(s)338810. 0003
+5+8 Tine to First7360260NS Contraction followi ng 19+95 Reperfusion(s)
75412400NS Zhiriechazniiecavwest AOBTAEY) and Achi eve+46+3261 Aortic fl ow(s)

10

Table 5 and Figure 3 show that A-L arrests in half the time of St

Thomas solution 33s (n=7) vs 81s (n=8). 4 out of 8 hears arrested with St

Thomas did not recover.

All A-L hearts survived (n=7).

St Thomas hearts

which recovered (n=4) had 50-90% aortic flow, 70-120% heart rate and 90-

100% systolic pressure. A-L hearts recovered 80% aortic flow, 95% heart rate

and 95-100% systolic pressure.

Table 5§

Characteristics of Adult Rat Heart 2Zhr Ischaemic Arrest* Achieved by

Adenosine/Lignocaine Cardioplegia and St Thomas Hospital Solution No. 2

_*(2min Cardioplegia pulse repeated after 20 min of aortic clamping)

n Adenosine/ n St Thomas p
Lignocaine Hospital
Cardioplegia Solution No. 2
Arrest Time(s) 7 33 8 81 0.0003
+5 +8
Time to First 7 360 4 260 NS
Contraction following +19 +95
Reperfusion(s)
Time to Recover 7 541 4 2400 NS
100mmHg and Achieve + 46 + 3261
Aortic flow(s)
Percentage of Hearts to 100 50

Survive Reperfusion




10050 Percentage of Hearts to Survive Reperfusion WO 00/56145
PCT/ AU00100226 32 4hr |Ischaem c Arrest At 37C Tables 6 and 7 and Figure 4
show A-L arrests in half the time of St Thomas solution (26s (n=9) vs 78s
(n=7)). 6 out of 7 hearts arrested with St Thomas did n%t recover., Al A-L
. hearts surW®¥¥4n=9). The single St Thomas heart which %M”@P‘é’aﬁ had 40%
aortic flow, 80% heart rate and 90% systolic pressure. A-L hearts
recovered 70% aortic flow, 90% heart reate and 95-100% systolic pressure.
10 Table 6 Characteristics of Adult Rat Heart O Ischaem c Arrest* Achieved
by Adenosi4ty Ischagmisi AeresbA8Bd egi a and St Thomas Hospital Sol ution No. 2
*(2m n cardi pl egi a pul se repeated after 20 mn of aortic clanping)
Adenosi ne/ St Thonmas Lignocai ne Hospital Solution

Tables 6 and 7 and Figure 4 show A-L arrests in half the time of St

Thomas solution (26s (n=9) vs 78s (n=7)). 6 out of 7 hearts arrested with St
5 Thomas did not recover. All A-L hearts survived (n=9). The single St Thomas
heart which recovered had 40% aortic flow, 80% heart rate and 90% systolic
pressure. A-L hearts recovered 70% aortic flow, 90% heart rate and 95-100%

systolic pressure.

10 Tableé6

Characteristics of Adult Rat Heart 4dhr Ischaemic Arrest* Achieved by
Adenosine/Lignocaine Cardioplegia and St Thomas Hospital Solution No. 2

*(2min cardiplegia pulse repeated after 20 min of aortic clamping)

Adenosine/ St Thomas p
Lignocaine Hospital Solution
Cardioplegia No.2
Arrest Time(s) 26.44 77.86 <0.001
+2.77 +10
(®=9) @=T7)
Time to First 401.67 390.00
Contraction following 28.43 (n=1)
Reperfusion(s) {n=9)
Time to Recover ' 549.22 480.00
100mmFHg and Achieve 40.68 (n=1)
Aortic flow(s) (n=9)
Percentage of Hearts to 100 i4 <0.0001

Survive Reperfusion (n=9) (n=1)
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WO 00/56145 37 PCT/AUOCO OO -126 Figure 5 is a summary of the results of
Figures 2 to 4 which shows hearts arrested with AL solution all survived
after 30 min ischaernic intermttent arrest (n=7), 2 hrs intermttent
arrest (nz?& and 4 hrs of intermttent arrest (n=9). In _contrast, while
_all heart VQP¥SMed with St Thomas sol ution survived aft EETAYR0GRE (h=10),
only 50% (4 out of 8 tested) and 14% sur vi ved (I out of 7) tested. 1In

addition, two heartp have beepn arrested with AL su¢cessfully for 6 hrs
(Figure 5). Figures|2 o 4 s wthe functional properties (heart rate,
systolic pressure,| ao tlgf w cgrc@arg ow, oxygen consunption and
rate-pressure 10 prod Ed |ng &i oaf®er0. 5| hr arrest (Figure 2) 2hr
arrest (Figure 3) and 4 rest (Frbure “4) In all cases, hearts
arrested with AL so] utj on hadhi gher functional recovery paraneters. After
0.5 hr arrest, thesg differences were not signifigcant except for aortic
fl ow recover in hearts receiy_Lng AL arrest solution. Aortic flow against a
pressure head of 70 nTin ecE'overed to 90% of contfol 15 values at 30 mn
conpared to 65%in St Thor&s&eartg b’cifter & hr infermttent ischaernic
arrest the differences Beti on@l ‘Feddver a&e nbre striki ng, In AL
arrested hearts, helart ?e &nd sy®totic prdssure fecovered to nearly 100%
of control val ues vvherea SE Thomas hearts only frecovered 40-50% Aortic
flow, '
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coronary flow, oxygen consunption and rate-pressure product recovered 80%
20 and above the controls in AL hearts and only 20-40%in St Thonmas hearts,
After 4 hr arrest the differences were even grater with only I out of 7 St
Thomas hearts recovering. Al AL hearts recovered after 4 hr arrest with
similar M™@OSSt4s functional profiles described above fofCHAHOVOG2RE can be
concluded that AL arrest provi des Xuperior protection during 22 and 4 hr

arrest and recoverylin 25 adult hearts. EXAMPLH 3 Neonatal /infant rat
hearts (using 50-{70g 20 d old rats) were prepared using the intermttent
perfusion techni que |fora2hg at 34" Qdesck bed i Exanple 30 2 except the
pressure head of dellve;lsy Aand af&er ogd ﬁas@educed to 50mHg. The results
shown in Tables 8 and QEbeEow arl Fijgurevd showl|that A-L arrests WO
00/ 56145 PCT/ AUOQ 00226 38 in a thi rd of the tijme of St Thomas sol ution
19s (n=7) vs 66s!(n¥7). 3 out of 7 hearts arrest wwth St Thomas did not
recover. All A-Lihearts survived (n=7) wth 80% aortic flow The St Thomas
hearts which recgveled gvégaged 80% aortic flowrate, but this was
extrenmely vari ablle. |5 AEl Eeonatval 1% nf ang heartg arrested with AL sol ution
recovered after 2 hi iﬁ’te@n @t&s@ae-mﬁ arrlest. Only 4 out o 7 hearts
arrested with St [Thoma S@ sgluti on nacovered aftdr 2 hr internittent
i schaemic arrest| In AlxarEested
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hearts, heart

val ues

wherein St Thonmmas'

flow, 10 coronary flow and rate-pressure product

t he

consunpt i &P %F614fe AL hearts was 70-85% of controls and &b

hearts arrested with St Thomas sol u$® on.

ptotection during 2 hr arrest

%‘:” WO 00/ 56145 39 PCTI AUOCOL00226 Table 8
I u

provi des superio
neonat al / i nf ant
Characteristics
Adenosi ne/ Li gnoc
Car di opl egi a pul
afterl oad of 50

Table 7 cont.
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rate and systolic pressure recovered to 90-100% of contr ol
hearts there was only 50-60% recovery. Aortic

recovered to 80% and above
Oxygen
AUCEYEE% or "t he
be concluded that AL arrest
and recover in

Rat .Heart Arrest* Achi eved by

Hospital No. 2

i ¢ clanping).
t al

*(2 mn
Reper f usi on



Li gnocai neSol ution No. 2 Arrest Tinme(s). 18.5765.71*<0.05 3.72(7) 12.71(7)
Time to First Contraction23.8355. 75*<0. 05 Fol | owi ng Reperfusion(s)
3.03(7)12.97(4) Time to Recover 50nmHgl165270ns Aortic
flowms)+29.48(7)+83.5(4) Percentage of Hearts t0100(7)57*(4)<0.05 Survive
_ Reper fusi oMo aug6¥4525(4) ns Arrhythm a Qccurrence (% * DendicdAUg0924&¢t i cal

Si gni fi cance p<0.05 using Students t-test WD 00156145 PCT/ AUOar 00226 40 WO
00156145 PCT/ AUOCO 00226 41 WD 00/ 5614% PCT/ AUOCO 00226 42 WD 00/ 56145

PCT/ AU00/ 00226 43 WD 00/ 56145
Figure 5 is a summary of the results of Figures 2 to 4 which shows

hearts arrested with AL solution all survived after 30 min ischaemic intermittent
arrest (n=7), 2 hrs intermittent arrest (1=7) and 4 hrs of intermittent arrest (n=9).
In contrast, while all hearts arrested with St Thomas solution survived after 30
5 min (n=10), only 50% (4 out of 8 tested) and 14% survived (1 out of 7) tested.
In addition, two hearts have been arrested with AL successfully for 6 hrs
(Figure 5).
Figures 2 to 4 show the functional properties (heart rate, systolic
pressure, aortic flow, coronary flow, oxygen consumption and rate-pressure
10  product) during 60 min after 0.5 hr arrest (Figure 2) 2hr arrest (Figure 3) and 4
hrs arrest (Figure 4). In all cases, hearts arrested with AL solution had higher
functional recovery parameters. After 0.5 hr arrest, these differences were not
significant except for aortic flow recover in hearts receiving AL arrest solution.
- Aortic flow against a pressure head of 70 mmHg recovered to 90% of control
15 values at 30 min compared to 65% in St Thomas hearts. After 2 hr intermittent
ischaemic arrest the differences in functional recover are more striking. In AL
arrested hearts, heart rate and systolic pressure recovered to nearly 100% of
control values whereas St. Thomas hearts only recovered 40-50%. Aortic flow,
coronary flow, oxygen consumption and rate-pressure product recovered 80%
20 and above the controls in AL hearts and only 20-40% 1n St Thomas hearts.
After 4 hr arrest the differences were even grater with only 1 out of 7 St Thomas
hearts recovering. All AL hearts recovered after 4 hr arrest with similar
recovery functional profiles described above for 2 hr. It can be concluded that
AL arrest provides superior protection during 2 and 4 hr arrest and recovery in

25  adult hearts.

EXAMPLE 3
Neonatal/infant rat hearts (using 50-70g 20 day old rats) were prepared
using the intermittent perfusion technique for 2hr at 37°C described in Example
30 2 except the pressure head of delivery and afterload was reduced to 50mmHg.

The results shown in Tables 8 and 9 below and Figure 6 show that A-L arrests



EXAAI PLE 4 PCr/ AUOO 002"16 Tabl e 10 bel ow shows that adenosi ne and

| i gnocaine are effective in 1-2 day old neonatal pig heart cardioplegia.
(2 hours of 2mn pul ses of cardl oplegia admnistered between 20m n peri ods
of aortic clanping). Table 10 Arrest Tinme Heart Rate Recqver S) (After

. 2hr Arreswqﬂf"%%ilo EXAMPLE 5 Mal e Wstar rats (2509) mF?’ﬁg’ﬁ‘g‘&’agﬁ
tenperature and light- controlled roo\r;aﬁeFood and water were provided freel y
until the day before the experi rrent n the food was vvithheld and the
rats were fasted overnight. The ts. were anaesthetised wt

i ntraperit opadhird of dog tig foStEé}QF@EéPBWP&I 195dpmg) 1560y MmS7). @n‘é}ErOf 7
th t | d
enccel st degh gt 5y B SIS AR 5 WK SEY Gl ond

measur enentwitht 88%eaddticefiow. AtHer SicThahasmiicarts wherlf cacoeeredrabetdpedr8l®s  were

artificially ve tilateg {th room ai at. to 70 breaths/mn. The chests
of the raf® QW LRIC: BHdRIs AR axFeme ®rior descendi ng (LAD) coronary

artery 30 |ocat e} nébdtGRtapf h&f&w&sv@swﬁh%@qow%ﬁrre@@me&éﬁcr phter a
20m n baseline period, LAD of the group of experinental rats were |igated

for 30mi n amterrhitteotiischaemic arrest. Only 4 out o 7 hearts arrested with St Thomas
solution recovered after 2 hr intermittent ischaemic arrest. In AL arrested

hearts, heart rate and systolic pressure recovered to 90-100% of control values

wherein St Thomas’ hearts there was only 50-60% recovery. Aortic flow,

10 coronary flow and rate-pressure product recovered to 80% and above the
controls in AL hearts and only about 50% in St Thomas hearts. Oxygen

consumption in the AL hearts was 70-85% of controls and about 60% for the

hearts arrested with St Thomas solution. It can be concluded that AL arrest

. provides superior protection during 2 hr arrest and recover in neonatal/infant

15  hearts.



pressure and heart rate nonitored. After 30 mn of ischaernia, the ligature
was released and the heart reperfused for 20 mn. In the control rats, no
AL was adm nistered as shown in Figure 7. In the AL infusion 3 rats were
used at three 2 5 different doses of adenosine: (1) 6.3 ng/m adenosine +
- 12. 6 ng/ mwo amssosai ne infused at | m/hr/300 g rat as sREMAURORRGuUres 8

and 9, WD 00/56145 45 PCT/ AUCO 00226 ( 3 3.15 ng/mM adenosine - 12.6 ng/m

| i gnocaine infused at 1 m/hr/300 g ratY as shown in Figure 10; and (3) 1.6
ng/ M adenosine + 12.6 ng/mmM lignocaine infused at 1 m/hr/300 g rat as
shown in Fihabled 1 1 and 12. 5 Conpared to rats with 30 mn ischaema (no
AL i nf usi on Wa, AL ted the hea dose dependent
manner Wit H lf"‘f{éctﬁpété"tsé’zﬁ%mb‘}tﬁ f’%’ﬁe g@ﬁﬁf‘?'ﬂhﬂrgﬁt ?h[e“eﬁlé‘gtblgr doses. As the
dose of ademuogiae/mn@ohahve:drdmphgnapmdt&dtuoms\m:sppnldga @ssively |ost.

However , rse case ction he heant was
signifi cantl ?g“ﬂ’ééaég“’mﬁgﬁ R s[e}{em;atﬁafaﬁrg!&gm& aoﬁté f’ TP rats
recei vi ng Atepeffusionagdrioad op30emarHE. pr essure. Summary of Adenosine and

| i gnocai H%Wﬁwmﬁww or
myocardial infarction (M) in the rafenosne omas tlospra P

Lignocaine Solution No. 2
Arrest Time(s) 1857 65.71% <0.05
+3.72(7) +12.71(7)
Time to First Contraction 23.83 55.75* <0.05
Following Reperfusion(s} +3.03(7) +12.97(4)
Time to Recover 50mmHg 165 270 ns
Aortic flow(s) +29.48(7) + 83.5(4)
Percentage of Hearts to 100(7) 57%(4) <0.05
. Survive Reperfusion
Arrhythmia Occurrence (%) 14(7) 25(4) ns

* Denotes Statistical Significance p<0.05 using Students t-test



nodel, Figure 7 shows that at 10 min bl ood pressure approaches zero and the
15 ani mal woul d be considered close to death. After 10 min, the heart
recovers and bl ood pressure increases and is highly erratic fromthe
ischaemic insult. This recovery is probably due to the recruitnent of

_ col | at erawatorsé#sati on. I n contrast, when a solution of PAHAHBYRRE and

| ignocaine is infused into the rat485 mn before occluding the coronary
artery, no such fall in blood pressure is seen at 10 mn 20 (Figure 8).

Where the animal wi thout regceiying AL solution nearly diedjat 10 mn, in
the presence of AL solution|the heart |owers ids gage of cgntraction and
m sses only a few beats. Notewprthy, thereﬁlva N& I pr equl ar] beating of the
heart at 20 min & ischaemiga NI Qearts r € oser € £all {function after
AL infusion was stopped (Figufe % It calg be c@ﬂclsmdéd that the heart in
t he 25 presence (i’n AL sol ut{onjwas™dranmati gal kg & ogectled dgainst a
profound ischaesc insult eligcited by occ?ditngq h® corongry artery. The
protective effecg of the AL splution on the art s relgted to the dose
of adenosine. If ghe anount{ of adenosine was hal ved but the anount of
| i gnocai ne remai fed constant,|nore Va@riability at 10 mn gnd 20 is seen
(Figure 10). If e anount pf BO adermdsi ne _was, hal ved again, the protection
was reduced furtRer. In all{cases S0B0/ 56845246 PCGH AGOQ G0226 however, AL
i nfused rats fulgy recover efl haerr@yr'?m'c Mungii on Yasgd or
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bl ood pressure and heart

heart attack with and w thout a
5 spectroneter

magneti ¢ resonance (NWR)

rate (Figure 12).

Two
solution of AL
and th

groups of rats undergoing a
were placed in a nuclear
e nmetabolic data is shown in

Figures 13 to 15. NMR non invasively nmeasures the changes in

~adenosi newordysh@sphat e (ATP),
of coronary artery occl usion.
nped at
asured using routine enzynmat
S Using akspectrophotometer.
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15m n AFY88%7%36% 1% WO 00/ 56145 48 PCT/ AUOO/ 00226 EXAMPLE 8 The addition
of the ATP-potassi um channel bl ocker, glibenclamde (20M and adenosi ne
and |ignocai ne, delayed arrest tinmes nore than threefold from 26 sec (AL)
to 76-120 sec (ALG (n=2). Furthernore the slower recover times and | ower
. aortic f| ®QQFPL4E30 in the presence of glibenclani de shE8WEAWHWEport ance
of opening the KATP channels as a node, of arrest and protection afforded
by AL. It can be concluded fromthese tesults that the ATP- potassium
channel is _an inportant target eliciting the arrest response from
| Cadenosi n@)ﬁﬂhﬁp‘@r‘bcai ne. Table 13 AL + 20M d i bencl ani deAl L Al one
(n=2)(n-5) Arrest Tinme76-120s26.s 15C Beat2:45-2:55 (mn:s)lmn:37s Aortic
Fl ows: 00-7: 30 (m'n:s)3m n: 51s Recovery Tine

Table 10 below shows that adenosine and lignocaine are effective in 1-2

day old neonatal pig heart cardioplegia. (2 hours of 2min pulses of cardioplegia
5  administered between 20min periods of aortic clamping).

Table 10
n Arrest Time Heart Rate Recovery
(s} (After 2hr Arrest*)
1 8 75%

10 EXAMPLES
Male Wistar rats (250g) were housed in a temperature and light-
controlled room. Food and water were provided freely until the day before the |
experiment when the food was withheld and the rats were fasted overnight. The
rats were anaesthetised with an intraperitoneal injection of pentobarbital (60mg
15  kg'). Under anaesthesia, the rats were implanted with cannulas in the femoral
vein and artery for adenosine and lignocaine (AL) administration and blood
pressure measurement, respectively. A tracheotomy was performed and the rats
were artificially ventilated with room air at 60 to 70 breaths/min. The chests of
the rats were cut open and the left anterior descending (LAD) coronary artery
20 located. A piece of suture was placed underneath LAD. After a 20min baseline
period, LAD of the group of experimental rats were ligated for 30min and blood
pressure and heart rate monitored. After 30 min of ischaemia, the ligature was
released and the heart reperfused for 20 min. In the control rats, no AL was
administered as shown in Figure 7. In the AL infusion 3 rats were used at three
25  different doses of adenosine:
(1) 6.3 mg/ml adenosine + 12.6 mg/ml lignocaine infused at 1 mI/hr/300 g rat as

shown in Figures 8 and 9,



42-53%84% 5m n AF% 00434~8J>ci 49 HE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLONS: A nethod for arresting, protecting and/or preserving an organ

whi ch includes admnistering effective anmounts of (i) either or both of a
pot assi um channel opener or agoni st and an adenosi ne receptor agoni st and
(ii) a | oWeIcoEHa®st hetic to a subject in need thereof. ?W@Bz’gs cl ai med
in claiml, wherein the organ. is either intact in the body of the subject
or isolated. 3 A method as claimed in®laim1 or 2, wherein the organ is a

circulatory_or respiratory organ, urinary organ, digestive organ,
FE ﬁ“@oﬁﬁ d as

reproduct i ¥ %332&%}4@&1?@%# Fali2-6 Mg/} Janossine Brpssdeatclem

clainmed in L0 3 F h.nghe circulatory organ is a heart. A nethod as
cl ai mred inagF]gt;’ m 4, %?{:E&i sntdused to arrest, protect and/or preserve the

heart duri ng)dpemgimbaderssinget \I2.6r mgimleli grewainediafesyd dselfl onldy/360mg ay or
following cardi ovaﬁcul ar_intervention or protect those portions of the

heart that *h&V& bl 1guggs L Ang normal flow, nutrients and/or oxygen. A
net hod as cl ai ne@miparédb Rkewith W AidEschadianoBES Bifisidi)eit Rt FsaAdIM
channel opener or agonist is selected fromnicorandil, diazoxide,
m noxi di | , tigitrAbapiiotected the heart in a dose dependent manner with the greatest
protection occurring at the higher doses. As the dose of adenosine was halved,
the protection was progressively lost. However, even in the worse case, the
function of the heart was significantly better than with no AL alone. All hearts

10  inrats receiving AL recovered in rate and pressure.

Summary of Adenosine and lignocaine during a Heart Attack in viveo
During a 30 min heart attack or myocardial infarction (MI) in the rat
.model, Figure 7 shows that at 10 min blood pressure approaches zero and the
15 animal would be considered close to death. After 10 min, the heart recovers and
blood pressure increases and is highly erratic from the ischaemic msult. This
recovery is probably due to the recruitment of collateral circulation. In contrast,
when a solution of adenosine and lignocaine is infused into the rat 5 min before
occluding the coronary artery, no such fall in blood pressure is seen at 10 min
20  (Figure 8). Where the animal without receiving AL solution nearly died at
10 min, in the presence of AL solution the heart lowers its rate of contraction
and misses only a few beats. Noteworthy, there was no irregular beating of the
heart at 20 min of ischaemia. All hearts recovered to full function after AL
infusion was stopped (Figure 9). It can be concluded that the heart in the
25 presence of AL solution was dramatically protected against a profound
ischaemic insult elicited by occluding the coronary artery. The protective effect
of the AL solution on the heart was related to the dose of adenosine. If the
amount of adenosine was halved but the amount of lignocaine remained
constant, more variability at 10 min and 20 is seen (Figure 10). If the amount of

30 adenosine was halved again, the protection was reduced further. In all cases
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temperatures and glycogen and lactate were measured using routine enzymatic
10 methods on neutralised tissue acid-extracts using a spectrophotometer. Major
significant differences (P<0.05) were seen in the hearts receiving AL solution
during coronary artery occlusion. ATP remained between 90-100% of the
control values in AL hearts compared to 60% in hearts receiving no AL (Figure
. 13). The same was shown for the high-energy phosphate store PCr, although
15  greater percentage falls were shown in hearts with no AL (down to as low as
20% of pre-occlusion values) (Figure 14). In hearts receiving AL over the
ischaemic period lactate, an end-product of anaerobic metabolism, increased 5-
fold whereas lactate in hearts without AL increased over 20-fold (Figure 15).
This was also supported by measuring the myocardial cell pH; greater decreases
20 in pH (more acid) are seen in hearts not receiving AL solution. Noteworthy, in
the first 10 min the pH fell only slight in AL hearts indicating that the
myocardial cells in the presence of AL were more aerobic supported by the
lower tissue lactate levels. The fuel glycogen was used in similar amounts by
hearts with and without AL in the first 10 min but remained at about 60-70% of
25  the pre-occlusion values in AL hearts compared to ischaemic hearts alone. It
can be concluded from the metabolic data that coronary-occluded hearts
receiving AL remained more aerobic than those hearts not receiving AL.
Glycogen was a major source of fuel for each heart but the AL hearts
preferentially regenerated their ATP from mitochondrial oxidative
30 phosphorylation not from lactate production. This is wholly consistent with the

functional data discussed above from changes in blood pressure and heart rate.
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clai m 15, SRR TR0 Concent rati on 6f potassiumis Up (o about LomM 15 A
met hod as clained in any ongdedbsiika s 12AHénckine #wher ei mdeaesihefifer is
Krebs- PRILOCAINE ~ PROCAINE  MEPIVACAINE
ARREST TIME 13s 21s 10.5s
1¥ BEAT 1:13 1:45 0:36
AORTIC FLOW 3:12 3:35 3:40
RECOVERY
Smin AF% 67% 58% 35%
EXAMPLE 7
10 Arrest solutions were made with pinacidil dissolved in 0.05%
dimethysulfoxide (DMSO) (200uM) the local anaesthetics prilocaine, procaine,
mepivacaine and lignocaine in Krebs-Henseleit solution. As shown in Table 12
below, pinacidil was found to be not as effective as adenosine.
15 Tablel2
Pinacidil + Pinacidil + Pinacidil + Pinacidil +
PRILOCAINE PROCAINE MEPIVACAINE LIGNOCAINE
Arrest Time 1:28 4:22s 0:41 1:49
1°7 Beat 2:15 1:20 0:56 2:30
Aortic Fiow 8:10 4:50 6:55 4:45
Recovery
S5min AF% 0% 25% 0% 70%
15min AF% 38% 57% 36% 71%



Henseleit, St. Thomas No. 2 solution, Tyrodes solution, Frenes sol ution,

30 Hartmanns sol ution or Ringers-Lactate. 00434586 51 16 A nethod as
claimed in any one of clainms 11. to 15, wherein the pharnaceutically
acceptabl e carrier, diluent, adjuvant and/or excipient has |ow

_ concent r aMOJ#%6¥F  magnesi urn. A method as clained in cl BFFAYBY038er ei n t he
concentration of magnesiumis 111) to ,about 2.5mM 18 A nethod as cl ai ned
in any one of clains | to IT, wher ei n ¥he active ingredients (1) and (ii;)
are adm ni isr eg feﬁ et her wi th another nedicanent. 19 A nethod as cl ai ned
inclaiml& t he nedi canent is dipyridanole or a. clot-busting
drug. 10 20 A ne . I h HrpC m’sgl , ej - i ng drug
i s streptoki naseﬁg%@n@t %lg?lgsAngé me uljng c&%%ngggkgﬁléiﬁlcmgé 20,

wher ei n t h€2@uM) end adsnasineneuinligrnchinef delhyed& ekt tietdsadorsthah ahimeefbld n any

one of clains 4,.to L th Lnigtration in  caydi ovascul ar
appl i cat i of®® & a%f%%%% ﬁ?%é‘*‘?ﬂﬂ%:&@ eﬁ?hﬁgpawi BASOWETIRCYES bl ood
of the subjigeds aalaq/o%raoﬁ;bbﬂsat@agmphﬁﬂﬁl predcdice Uraaheh¥Reide Shdwdret hod as
claimed in any one of clainms | to 22,” wherein arrest” is achieved by either
cont i nuous ther inpedandet p€rmpedulg vy JKATP channels as a mode of arrest and

protection afforded by AL. It can be concluded from these results that the ATP-

potassium channel is an important target eliciting the arrest response from

adenosine and lignocaine.

10
Table 13
A/L +20uM Glibenclamide A/L Alone
(n=2) (n=5)

Arrest Time 76-120s 26.s

1% Beat 2:45-2:55 (min:s) Imin:37s
Aortic Flow 5:00-7:30 (min:s) 3min:51s
Recovery Time

Smin AF% 42-53% 84%



m“ﬁﬁ?ﬁ nethod as claimed in any one of clainms 1 to 23 wherein the arrest
occurs at tenperatures of about 15C to about 37C. 20 25 Use of (i) either
or both of a potassium channel opener or agoni st and an adcnosi ne receptor
agoni st and (ii) a local anaesthetic imghe manufacture of a nedi cament for
arresting, protecting and/or preserving an organ. 26 A (i) |ocal
anaesthetic and (ii) either or both of potassium channel opener or agoni st
and an adenosi ne receptor agoni st for use in arresting, protecting and/or
o et v, TEHFAEL ARV BEITNIN Gt HBINGEN I OBSARRGLS UGN Srg. andl/ o
preserving an organ which conprises adding a conposition which includes
effective anounts of (i.) either or both of a potassium channel opener or
agoni st and anA adethodifne armesiept qrotagianrg end/andrgsering an| grean vanelesneladesc to

t he organ. 00434/.S/5 .28 organ arresting, pretecting. and/ or _preserving
composi 11 on witBHFREne s S By B BofEr R ERTR GrRh S e S
pot assi um chanpebofpeRRrantided@dt Ste@fitagoaitt ase(1DS 106a] asRHHe0E tagetibjett and
(ii) a local anaesthetic. 29 A conposition as clained in claim?28, wherein
t he pof assi umishegth@ereppener or 5 agonist is selected from nicorandil,

di azoxide, mnoxidil, pinicadil, aprikalim cronmokuiim NS-1619

(1, 3- di hydr o- 1A pRtlivddis@laimgd (it ¢lrinf | Lwhaeiorthe etdayliy gHeniitjct & the body of the
(trifluoronethﬁL.%Z-hggen'nidazol-one), anm odi pi ne, Bay K

8644(T, - t ype) CFE FiRIYFS- 26- di net hyl -

>-nitro 43[ 2(t rA fnllelill%doggtc a\llrlm)acP ?r? Q{alirln]l %r %}l r\;\!h(glrerill(la tl(l:eaglpgca).%(l%ls Ia.Ccircul.attory organ,

respiratory organ, urinary organ, digestive organ, reproductive organ, neurclogical

10 organ or somatic cell.
4 A method as claimed in claim 3, wherein the circulatory organ is a heart.
5 A method as claimed in claim 4, which 1s used to arrest, protect and/or preserve the

heart during open-heart surgery, reduce heart damage before, during or following
cardiovascular intervention or protect those portions of the heart that have been

15 starved of normal flow, nutrients and/or oxygen.

6 A method as claimed in any one of claims 1 to 5, wherein the potassium channel

opencr or agonist is selected from nicorandil, diazoxide, minoxidil, pinicadil,

aprikalim, cromokulim, NS-1619 (1,3-dihydro-1-[2-
| hydroxy5(trifluoromethyl)phenyl]5-(trifluoromethyl)2-H-benimidazol-one),
f 20 amlodipine, Bay K 8644(L type)(1,4-dihydro-26-dimethyl-5-nitro-

4[2(trifluoromethyl)phenyl]-3-pyridine carboxylic acid (methyl ester)), bepridil
HCl (L-type), calciseptine (L-type), omega-conotoxin GVIA (N-type), omega-
conotoxin MVIIC (Q-type), cyproheptadine HCI, dantrolene sodium (Ca®™ releasc
inhibitor), diltiazem HCI (L-type), filodipine, flunarizine HCI (Ca**/Na",
25 fluspirilene (L-type), HA-1077 2HCI(1-(5 isoquinolinyl sulphonyl) homo
piperazine.HCI), isradipine, loperamide HCI, manoalide (Ca’ release inhibitor),
nicardipine HCI (L-type), nifedipine (L-type), niguldipine HCl (L-type),
nimodipine (L-type), mtrendipine (L-type), pimozide (L- and T- type), ruthenium

red, ryanodine (SR channels), taicatoxin, verapamil HCI (L-type), methoxy-
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(nmethyl ester)), bepridil ITA (1-type), calciseptine (L-type),
onega-conotoxin 10 GVIA (N-type), onega-conotoxin MWIIC (Qtype),

cyproh. eptadi ne HCL, dantrolene sodium (Ca release inhibitor), diltiazem
HCl (L-type), filodipine, flunarizine sgjC (Ca -'."Na), fluspirilene
(L-type). HA-1077 214dC (1-(5 isoquinolinyl sulphonyl) hotno

pi perazi.ne. HC ), i sradipi ne I operam de FICI, rnanoalide (Ca + release

i nhi bitor), nicardipine HCl g/ % nltedlplne(Ltype ni gul di pi n. e HC
15 (L type), nyeganpl HE (Iklwbeﬁf -08p HdBitpp D@ %@g@}howmﬂ)e@y It3.4and
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adenosihne (ﬁ@dlei@ﬁm?] (NRCAM b{méﬁembei){wlymphpﬁethﬁ ﬁmdo-riéﬂ*hobélylmlaﬂxwhmi&) (2
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phenyl | sopr opY{RAAOR! (&%) T4 7. BT MRS L Y, AIRRR bRsHy TR s RN d

| imidazole[4,5-b]pyridyl-3-yl]cyclopentane carboxamide (AMPS579), Né—(R)-
phenylisopropyladenosine (R-PLA), aminophenylethyladenosine 9APNEA) and
cyclohexyladenosine (CHA).

9 A method as claimed in any one of claims 1 to 8, wherein the local anaesthetic is
15 selected from mexiletine, diphenylhydantoin, prilocaine, procaine, mipivacaine and

Class 1B antiarrhythmic agents.

10 A method as claimed in claim 9, wherein the class 1B antiarrhythmic agent is

lignocaine.
11 A method as claimed in any one of claims 1 to 10, wherein active ingredients (i)
20 and (ii) arc administered together with a pharmaceutically acceptable carrier,

diluent, adjuvant and/or excipient.

12 A method as claimed in claim 11, wherein the pharmaceutically acceptable carrier,

diluent, adjuvant and/or excipient is a buffer having a pH of about 6 to about 9.

13 A method as claimed in claim 11 or 12, wherein the pharmaceutically acceptable

25 carrier, diluent, adjuvant and/or excipient has low concentrations of potassium.

14 A method as claimed in claim 13, wherein the concentration of potassium is up to

about 10mM.

15 A method as claimed in any one of claims 12 to 14, wherein the buffer is Krebs-
Henseleit, St. Thomas No. 2 solution, Tyrodes solution, Fremes solution,

30 Hartmanns solution or Ringers-Lactate.



mw%%@é&chhexyladenosine (CHA). 53 32 A conposition as clainmed in clainms 28
to 31, wherein the |ocal anaesthetic is selected from nexiletine,

di phenyl hydantoin, pril ocaine, procaine, inipivacaine and C ass 1B
antiarrhyluni e agents. A conposition assiclainmed in claim32, wherein the
Class I Bantiarrytlunic agent is |I|ignocaine. 34 A conposition as clained in
any one of clains 28 to 33 wherein the conposition is a cardioplegic or
cardi oprotectant conposition. 35 A conposition as clainmed in any one of

clai ns 281G o 3% methpiepeflgingsk inamyiangraddilamsd 1 ti15) whgeein the)plarmgaceutically
adm ni stered t |k . r i cally centahl arri .10

di | uent, adjuf%gﬁhgﬁ%f%%&gkgpg$ghggﬁgﬁhﬁgﬁéﬁb%gflsﬁhﬁgsﬁgfg?%§§&Wﬁngl3§n1
35, wherein thaaghsimceutically acceptable carrier, diluent, adjuvant
and/ or excipient, Is a buffer having a pH of about 6 to about 9. 37 A
conposi tipn asa ghahdtesh diinfeliah Blada 187 wlbreinMhe cBhéentaBolP BAREBERHNH ¢ahd ¥ 15
acceptable carrier, diluent, adjuvant and/or excipient has ow
concenfr at i onsabofit 2.pwvhssi um A conposition as clainmed in claim37, wherein
the concentration of potassiumis up to about 10niM 39 A conposition as
cl ai med i¥8 anyA amthaf ascllames 18 ényt ane3d, claitveriabrl 7 Whetbinf the active ingredients (i)

and (11) are administered together with another medicament.

19 A method as clatmed in claim 18, wherein the medicament is dipyridamole or a

clot-busting drug.

10 20 A method as claimed in claim 19, wherein the clot-busting drug is streptokinase.

21 A method as claimed in any one of claims 1 to 20, wherein the subject is a
neonate/infant.
22 A method as claimed in any one of claims 4 to 21, wherein the administration in

cardiovascular applications is achieved by mixing the active ingredients with the

15 blood of the subject and/or a subject having a similar biood type.

23 A method as claimed in any one of claims 1 to 22, wherein arrest is achieved by

either continuous or intermittent delivery.

24 A method as claimed in any one of claims 1 to 23, wherein the arrest occurs at

temperatures of about 15°C to about 37°C.

20 25 Use of (1) either or both of a potassium channel opener or agonist and an adenosine
receptor agonist and (ii) a local anaesthetic in the manufacture of a medicament for

arresting, protecting and/or preserving an organ.

26 A (1) local anaesthetic and (11) either or both of potassium channel opener or agonist
and an adenosine receptor agonist for use in arresting, protecting and/or preserving

25 an organ.

27 A method for arresting, protecting and/or preserving an organ which comprises
adding a composition which includes effective amounts of (i} either or both of a
potassium channel opener or agonist and an adenosine receptor agonist and (ii) a

local anaesthetic to the organ.



m“ﬁ@??reb§--kbnseleit, St. Thomas No. 2 solution, Tyrodes solution, Frenes
solution, Hartmanns solution or R ngers-Lactate. 40 A conposition as
claimed in any one of clainms 35 to 39, wherein the pharnaceutically
acceptabl e carrier, diluent, adjuvant apd/ or excipient has | ow
concentrations of magnesium 41 A conposition as clainmed in claim40,
wherein the concentration of magnesiumis up to about 2.5mM 42 A
conposition as clained in any one of clains 28 to 41, wherein the active
i ngredi e (iAnamrgar idriesang prdbdchingtanddd pegavingr compbsiamotiech medindesrent .
43 A conposi ti s clained.j.n claim42, wherein the nedi canent is.
di pyr | day nol & SreSeimBs br (i o7 hi e AR S B P RO hgoTet P as
claimed in cl ainfddBesiviRE&Er d08isChRbGHUIbdMEngbethotic.s Strept oki nase. 45 A
method as clainmed in either claim1 or 27, substantially as described

herein wijh rzﬁfc%fzrgyﬁﬁﬁontag c@ﬂﬁel lrin s B et A BbESsiuft l'énﬁé?rﬂé)gﬁéli bON as

6
claimed in claim substantially as described hefein wth reférence to

one orsSnore ofagbhist exaelebed. from nicorandil, diazoxide, minoxidil, pinicadil, aprikalim,
cromokulim, NS-1619  (1,3-dihydro-1-[2-hydroxy5(trifluoromethyl)phenyl]5-
(trifluoromethyl)2-H-benimidazol-one), amlodipine, Bay K 8644(L-type)(1,4-
dihydro-26-dimethyl-5-nitro-4[ 2(trifluoromethyl)phenyl]-3-pyridine carboxylic
acid (methyl ester)), bepridil HCI (I-type), calciseptine (L-type), omega-conotoxin
10 GVIA (N-type), omega-conotoxin MVIIC (Q-type), cyproheptadine HCL,
dantrolene sodium (Ca®" release inhibitor), diltiazem HCI (L-type), filodipine,
flunarizine HC1 (Ca**/Na"), fluspirilene (L-type), HA-1077 2HCI(1-(5 isoquinolinyl
sulphonyl) homo piperazine.HCI), isradipine, loperamide HCI, manoalide (Ca®"
release inhibitor), nicardipine HCl (L-type), nifedipine (L-type), niguldipine HCI
15 (L-type), nimodipine (L-type), nitrendipine (L-type), pimozide (L- and T- type),
ruthenium red, ryanodine (SR channels), taicatoxin, verapamil HCl (L-type),
methoxy-verapamil ~ HCI (L-type), YS-035 HC1 (L-type)N[2(3,4-
dimethoxyphenyl)ethyl]-3,4-dimethoxy N-methyl benzene ethaneamine HCl) and

AV blockers.

20 30 A composition as claimed in claim 29, wherein the AV blocker is adenosine.

; 31 A composition as claimed in claims 28 to 30, wherein the adenosine receptor
agonist is selected from N°-cyclopentyladenosine (CPA), N-cthylcarboxamido
adenosine (NECA), 2-[p-(2-carboxyethyl)phenethyl-amino-5’-N-ethylcarboxamido
adenosine (CGS-21680), 2-chloroadenosine, N°-[2-(3,5-dimethoxyphenyl)-2-(2-

25 methoxyphenyl]ethyladenosine, 2-ch10ro-Né-cyclopentyladenosine (CCPA), N-(4-
aminobenzyl)-9-[5-(methylcarbonyl)-beta-D-robofuranosyl]-adenine (AB-MECA),
([IS-[1a,2b,3b,4a(S*)]]-4-[7-[[2-(3-chloro-2-thienyl}-1-methyl-propyl]amino]-3H-~
1midazole[4,5-b]pyridyl-3-yl]cyclopentane  carboxamide (AMP579), Nﬁ-(R)~
phenylisopropyladenosine (R-PLA), aminophenylethyladenosine 9APNEA) and

30 cyclohexyladenosine (CHA).
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A composition as claimed in claims 28 to 31, wherein the local anaesthetic is
selected from mexiletine, diphenylhydantoin, prilocaine, procaine, mipivacaine and

Class 1B antiarrhythmic agents.

A composition as claimed in claim 32, wherein the Class 1Bantiarrythmic agent is

lignocaine.

A composition as claimed in any one of claims 28 to 33 wherein the composition is

a cardioplegic or cardioprotectant composition.

A composition as claimed in any one of claims 28 to 34, wherein active ingredients
(i) and (ii) are administered together with a pharmaceutically acceptable carrier,

diluent, adjuvant and/or excipient.

A composition as claimed in claim 35, wherein the pharmaceutically acceptable
carrier, diluent, adjuvant and/or excipient, is a buffer having a pH of about 6 to

about 9.

A composition as claimed in claim 35 or 36, wherein the pharmaceutically
acceptable carrier, diluent, adjuvant and/or excipient has low concentrations of

potassium.

A composition as claimed in claim 37, wherein the concentration of potassium 1s up

to about 10mM.

A composition as claimed in any one of claims 36 to 38, wherein the buffer is
Krebs-Henseleit, St. Thomas No. 2 solution, Tyrodes solution, Fremes solution,

Hartmanns solution or Ringers-Lactate.

A composition as claimed in any one of claims 35 to 39, wherein the
pharmaceutically acceptable carrier, diluent, adjuvant and/or excipient has low

concentrations of magnesium.

A composition as claimed in claim 40, wherein the concentration of magnesium is

up to about 2.5mM.

A composition as claimed in any one of claims 28 to 41, wherein the active

ingredients (i) and (i1) are administered together with another medicament.

A composition as claimed in claim 42, wherein the medicament is dipyridamole or

a clot-busting drug.
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44 A composition as claimed in claim 43, wherein the clot-busting drug 1is

streptokinase.

45 A method as claimed in either claim 1 or 27, substantially as described herein with

reference to one or more of the examples.

5 46 A composition as claimed in claim 28, substantially as described herein with

reference to one or more of the exampies.



