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Description Use of urate oxidase for the treatnent or
prophyl axi s of disorders or indirect sequel ae of the
whamenisalused by i schem c or reperfusion eventBCIAR2008/006858
invention relates to the use of urate oxidase,
preferably reconbi nant urate oxidase, for exanple
Rasburi case, for producing a nedi canent for the
treatment or prophylaxis of disorders or indirect
sequel ae of the heart caused by ischem c or
Deserighonf usi on events, for exanple during and after
cardi ac surgery Ilke CABG (coronary artery bypass
graft), PCl (percutaneous coronary intervention),

Use of arsploxidasel fontheptreatrmgratcarpdoplhylaxis af disovdemnat indirect sequelae
the treat rrent or prophyl axi s of coronary artery

of thgihsagkeause rﬂé/a'lsf:h?%‘ﬂq o ©eperiysioneuants congestive heart
failure. Uic acid is the end product of purine
metabolismin birds, reptiles, primtes and humans and

The irﬁvemlod welates to thbeude ofarrateyoxidasktpreferablyxeaombirard udate

hypoxant hine. _In all r ur '
oxidags, fAEeXyRPE B@Qﬁtﬂ%ﬁep%rngﬁ%c'ug af@eeiagaiegﬁ?f' fhe treatment or
{ ¥
propfl8 O RIEYE LTSI AAELy b o neaRoq By iic o
reperfasioaaaenits) fol examplecdwing and afteccarsiat $t$rg|erwhke CABfe (coronary

arterg ypass Ghatty PG Bem e B ad B iy yaRwdafion, post

myo&&rdt thiYctioRar fi‘ﬁ'tlﬁ’é ir@btrﬁénloér [S?bbﬁ?lék% dffcdﬂéméry%ﬁ“t@y disease or
In renal tubules (B az A A

hearitgilbre | for ezanple congestive heart fanlure

Uric acid is the end product of purine metabolism in birds, reptiles, primates and
humans and is produced in the liver by oxidation of xanthine and hypoxanthine. In all
other mammals, uric acid is further oxidized by the enzyme urate oxidase to allantoin.
However, humans lack this enzyme. As uric acid has relatively poor water solubitlity,
the increase in plasma levels of uric acid is known to be causative for several diseases
such as gout. An acute elevation of uric acid leads to acute renal failure caused by the
precipitation of crystals of uric acid in renal tubules (Ejaz A.A. et al., Clin. J. Am.
Nephrol. (2007) 2:16-21).

Increase of uric acid production is caused in general in patients suffering from purine
metabolism disorders such as hereditable hyperuricaemia. However, acute elevation of
high levels of uric acid is also observed in any patient undergoing massive cell death
such as during treatment of cancer with cytostatics. The latter is known to lead to the
so-called tumor lysis syndrome where massive cell death leads to liberation of nucleic
acids being rapidly catabolized into uric acid as the end product due to purine
metabolism. In general massive death of cells is also observed in any
pathophysiological situation of ischemia and reperfusion and therefore also during
cardiac surgery like CABG (coronary artery bypass graft), PCI (percutaneous coronary
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I ncrease of uric acid production is caused in general
in patients suffering from purine netabolismdisorders
WQawp/oss7her edi t abl e hyperuricaem a. However, BCUER2008/006858

el evation of high levels of uric acid is also observed

i n any patient undergoi ng massive cell death such as

during treatment of cancer widh cytostatics. The

|atter is known to lead to the so-called tunor lysis
~syndrone where massive cell death leads to liberation
interggéntinn)| kaaspianiadionepag myesaldial idarstioni c@nARt artery disease or

i s the end product due to purine netabolism In

hearggaﬁlgf:%l massi ve death of cells is also observed in any

Besif@ the Rites inséitibineal actité isdultspinefedseahsasmaanit acid concentrations
reperfusion and therefore also durjng cardi ac surgera/,
werg fegenthafreinctier m Rrsdictivecalso foryasdality 4n cpngpslive heart failure (Anker
SD étR' %ﬁ%ﬁ%ﬁﬁzﬁ@éfﬁ%ﬁtgg@ﬁ YEA! WBRusatiVa 2dRefitiodtfoPthis has been
post “myocardi‘al rnifarction, coronary artery di sease or
also hisoussédirécerdly (Base dM ehal.,| Girdubatiore(2003) d072k951e1953).
insults, increased plasma uric acid concentrations
were recently found to be predictive also for

Currgﬁw ﬂiééé ¥i 'é"reﬁpg&f%%%g;%_ah% bsddin SYder )(&Fé%ﬁfce%tﬁbphysiological

rculatio 107:1991-1997). A causative
elevatedrevels ioburit acid. Ifi) Enmancement af renaliexciedioadf rusiceanid (i)

. . Har Met al., Crculation (2003 07:1951-1953).. . .
impalsard il e e seaprain. it (if Pohdetsioh.oiadie §ad A8 Aiptoin.

order to reduce pathophysiol ogical elevated |Ievels of

_ uric acid, (i) Enhancenent of renal excretion of uric
i) Beagbwmaron) i npairnent of uric acid generation or (iii)

Trea&ﬁ%éﬁ@@lﬁ%}gﬁgrour%Fona&.b%thﬁté)-bgh%fmﬁﬂ-(é,é-dibrom-4-hydroxyphenyl)
keton) enhances renal excretion of uric acid by targeting renal uric acid reabsorption.
The net effect under benzbromeron treatment is increased excretion of uric acid.
Treatment has to begin by subtreshold dosing since Benzbromarone itself can trigger

the precipitation of uric acid in the kidney or urether.

ii) Allopurinol

Another approach targets the catabolism of purines into uric acid due to inhibition of
xanthinoxidase, a key enzyme in purine metabolism: Allopurinol (4-hydroxypurinol), an
analogue of xanthine, is an inhibitor of xanthinoxidase leading to decreased generation
of uric acid. Treatment with Allopurinol is currently considered the standard
pharmacological treatment for hyperuricemia-associated diseases such as gout.
During treatment with Allopurinol, instead of uric acid, the precursors xanthines
accumulate and are mainly excreted via the kidney. Treatment with Allopurinol is
preventive to avoid high uric acid levels but it is unsuitable in cases of already elevated
uric acid levels and is moreover known to induce gout on its own. In case of prevention
the tumor lysis syndrome during treatment of cancer, Allopurinol is given before
cytotoxic treatment. Beside the application of allopurinol, management is directed to

normalize metabolic abnormalities and preventing further renal damage.
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targeting renal uric acid reabsorption. The net effect
under benzbronmeron treatnment is increased excretion of
uric acid. Treatment has to b®gin by subtreshold
dosi ng since Benzbromarone itself can trigger the
precipitation of uric acid in the kidney or urether.

iii) Urate oxidasgur i nol Anot her approach targets the

t | . ' i g
The SRRl B ShuBLel O BRHRAHI BVRRLAL PR AR AHEP rhoxisese
(Uricradi@estidase! ufate fw@g&xbRidfoirémJuOtas@FE@ﬁa?.Bgi)Q:awélyses the oxidation of
xant hine, 1s an inhibitor of xanthi noxidase |eadin

uric aeidte adartoi rewatargolule lwo@ueatdh@t is-pashy pxereted P the tk?dney
sch@hg?ﬁai’bﬁ rof ?i? 8#‘5}%?%%@0 0 %eeégﬁj fBPSxaQﬂ'\ féd%redobta ned from

rea erurlcenl -assocl
Asp 'ﬂ@@sﬁﬁusuch as gout. During treatnent Wi th
| opurinol, instead of uric acid, the precursors
xant hi nes accunulate and are mainly excreted via the

The Ebﬂ!?\eé(%dﬂg? ro‘ﬁégh*haé' t}éﬁ?ﬁélbﬁi@a and rﬁ)ﬁé@@d WeESSherichia coli

uric acid leve I's unsuitable in
(Legoax & ecbfal al r BiatlyChedray 4198@, 867 c(12}, 86658876), amdsperglllus flavus

no ve nqQwn .0 i nd t ' I
(ChefRladnt 8l CHE: PRS- 1982< byAdlrami it PrgeCo o ufips cerevisiae
(Lep%ftousqﬂ%&fal @e'n%PUfQQEOH 2bs 199 M@m) bef ore Cyt ot oxi ¢
treatment. Beside thé application of all opuri nol,

Recombingeturate ioxidfiseds tusatetaxidagenpiioduse by geasiatically modified
mlcrwrggg{%&é ta'g@ %nfjor %&S\r/n%rpé,' geqobférr%he{mttnetﬂglab%Wthéﬁéd
genetically modified strains of Escherichia coli and Saccharomyces cerevisiae.
Rasburicase is a recombinant urate oxidase enzyme produced from genetically
modified strain of Saccharomyces cerevisiae cloned with cDNA from a strain of
Aspergillus flavus (Oldfield V et al., Drugs (2006) 66 (4):529-545, Leplatois P. et al.,
Gene., 1992, 122, 139-145). Rasburicase is a tetrameric protein with identical subunits
of a molecular mass of about 34 kDa each (Figure 1) - similar to the native Aspergillus
flavus urate oxidase (Bayol A. et al., Biotechnol. Appl. Biochem. 2002, 36, 21-31).
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oxidation of uric acid to allantoin, a water-soluble
product that is easily excreted by the ki dney (schene
1). The protein enzyme urate %xidase can, for exanple,
be obtai ned from Aspergillus flavus. The cDNA codi ng
for this protein has been cloned and expressed in
Escherichi a &uanitieegoux Fiyraxagthinej Bjol. Chem,

1992, 267, (12) A 8565-8570),/in Aspergillus flavus
GGhanivnel ddarhinasé ., Curr. hinel®8d@ase? +*—447+453)lopurinol
and in Saccharonyc cergyisiae (Leplatois & gr. |
Gene., 1992, 122, 139-145). Reconbinant urate rdase l

is ur ate oxi dase pretBEY by genetically nodiffe
m croorgani snms and carl, for exanple, be obt# n&d f
t he above nentioned ¢ netl)éarllthmefmddatsead stTarns of Oxipurinol
Escherichia coli and ccharonyces cerevi si ae.

Rasburicase is a re i nant urate oxi dase enzyne

UringRoenfieton rom genet E%Ia nodi fi ed strain of

Saccharonyces cerevisilae cloned with cDNA from a

strain of Aspergillus [f| ayste(iddsee] RasbeticaBe , Drugs
(2006) 66 (4):529-545, Lepl atois P. @@t al ., Cene.,
1992, 122, 139-145). sburicase is a tetrameric
protein wth idebihydadbxyisdurate s of a nol ecul ar mass of
about 34 kDa each (Figure 1) - simlar to the native

Aspergillus flavus urdte al
Bi otechnol . Appl. Bio hem%ggﬁgﬁnéﬁéﬂebra%at%hajam ne

Hypoxant hi ne l

Urinary excretion -«—— Allantoin

H202
Scheme 1: Effects of urate oxidase, Rasburicase, Allopurinol and Oxipurinol (the active
metabolite of Allopurinol) on purine catabolism. © indicates inhibition of xanthine

oxidase by allopurinol and oxipurinol;® indicates metabolism of uric acid by

Rasburicase or Urate Oxidase

Due to its mode of action, instead of treatment with allopurinol, use of Rasburicase is
now the preferred treatment in situations of acute and massively increased plasma uric

acid levels in the context of prevention of tumor lysis syndrome.

An apparent disadvantage of urate oxidase treatment is the generation of a
stoichiometrically equivalent amount of hydrogenperoxide (Scheme 2), which is
according to current knowledge seen as a problem especially in regard of the intended
use of urate oxidase in cardiovascular indications.

Urate oxidase/Rasburicase
Uric acid + 2 H,0 + 0, —» Allantoin + 2 H,0, + Co,

Scheme 2



10

15

20

25

30

Guani ne deam nase \ / Xanthi ne oxi dase Al l opuri nol

Xant hi ne Xant hi ne oxi dase Oxi purinol Urinary excretion
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5- hydr oxyi sourate Nonenzynmati c degradation Urinary

excretion Allantoin H2O2 Schene 1. Effects of urate

oxi dase, Rasburicase, Allopurdnol and Oxipurinol (the

active netabolite of Allopurinol) on purine

catabolism Q indicates inhibition of xanthine oxidase

H2Opglthouahpnet samadiealdtselli gan pasily be Fonyritedinda hydtaxybradigals by

B 851527 5By SRECR o 0o Bin L oA By s are

termabilagpeactive oxygeh siedres (ROS) @smprs"?aavsb lrwh@rf t?bes sadh as
treatment in situations of acute and massiv

hydroxydrasheais op SHRAROXIfG anigps wWhieh areseas! ytwveaﬁsﬂeﬂw%? ROS can be
oendib I Rrat SHMIBE o431 XISy oRBrBBYADiOPH oxiase.
the msh @GS wanre ghownstbdecinvolvedrin mnwplwmmlogloahanalmatmtphysiological
proc(e)gseg ?\[U?%gr%%%rs%%les r(—gvea ed a c?e?tnmen tal rolle of ROS in regard to
cardiovascular indications (Lo SK et al., Am. J. Physiol (1993) 264:.406-412; PMNs;
Gasic AC et al., Circulation (1991) Nov; 84(5): 2154-2166; Bradley JR et al., Am. J.
Pathol. (1995); 147(3): 627-641; Kevil CG et al., Am. J. Physiol. Cell Physiol. (2000)
Jul; 279(1): C21-30; Zafari AM et al., Hypertension (1998) Sep; 32(3): 488-495; for an
overview see Cai H, Cardiovascular Research (2005) 68:26-36).

Experiments have been carried out to test the urate oxidase Rasburicase in
combination with uric acid for its expected adverse cardiac effects caused by the
generated hydrogen peroxide. Suprisingly, the experiments have shown that the heart
function is not significantly affected by high concentrations of Rasburicase alone or in
combination with high concentrations of uric acid. Furthermore, the combination of
Rasburicase and uric acid even improved heart function and the cardiodynamics when
the combination is present prior and during ischemia and reperfusion.

Therefore, the invention relates to the use of an urate oxidase, preferably recombinant
urate oxidase, for example Rasburicase, for producing a medicament for the treatment
or prophylaxis of disorders or indirect sequelae of the heart caused by ischemic or
reperfusion events, for example during and after cardiac surgery like CABG (coronary
artery bypass graft), PCl (percutaneous coronary intervention), transplantation, post
myocardial infarction and for the treatment or prophylaxis of coronary artery disease or

heart failure, for example congestive heart failure.

In another embodiment additional treatment with a scavenger for H>O; is preferred, for
example vitamins A, C or E, Trolox, Oligomere Proanthocyanidine, Gluthation, L-N-
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especially in regard of the intended use of urate
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oxi dase/ Rasburicase Uic acid + 2 H2O + O2 Allantoin +

2 22 + CO2 Schenme 2H2Q2 al t hough not a radi cal

itsel f, can easily be convert®d into hydroxyl radicals

by Fenton reaction. Different species of endogenously
enerated oxygen radicals are terned as reactive

Acetgkaygt@in,sﬁzt@@l@s Lyresin, Eauanoyl, Ceatachip undRpthogyar, Mg preferably

) axyl radi cal s or superoxi de ani ons which are
Lasgtgrgwg&gbnverted. Those ROS can be generated by

di fferent cellular enzyne systens, for exanple by

NADPH oxj dase, |In the past ROS were shown to be ,
PhaiaRgUAEal IoATHIaUPNSIFPaINSISey AE 2N RNEEONREIEpY: ) Bljeetiye dose of

. | . _
Ras RS RgaNE Uatht). BRafASAUEg ASHILCTERE carier anc

assis{thnts@ﬁcbbptédnallyﬂiso dne Rinysorel oterla&Be mﬁxrmam@gdfdalmgredients,

or ol S35 S S Bhol e sy o 0.1
to Q%Wﬁggfg ﬁé%blilriéﬁ%\éi.l CGet al., Am J. Physiol.

2000) Jul; 279(1): C21 -30; Zzafari AM
et al., Hypertension (1998) Sep; 32(3): 488-495; for

an_overvi.ew see i H, di ov l.ar .
The BRaiiecaltRt 25y lone-carie PIRAEREHLS A BERGE! KihFRET Se. To tis
end, the aefidd fn_g?édiiéﬁ@a@&bﬁéiﬁ@%idlﬁgi@@@t@m afblevddlis, together with

acid for its expected adverse cardiac effects cause
one gymofie solid or liquid pharmaceutical carriers and/or assistants, are converted to
a suitable administration form or dosage form, which can then be used as a

medicament in human medicine.

Medicaments which comprise Rasburicase can be administered, for example,
parenterally, intravenously, rectally, nasally, by inhalation or topically, the preferred

administration depending on the particular case.

The excipients which are suitable for the desired pharmaceutical formulation are
familiar to those skilled in the art on the basis of their expert knowledge. In addition to
solvents, gel formers, suppository bases, tablet excipients and other active ingredient
carriers, it is possible to use, for example, antioxidants, dispersants, emulsifiers,
antifoams, flavorings, preservatives, solubilizers, agents for achieving a depot effect,

buffer substances or colorings.

For subcutaneous, intramuscular or intravenous administration, the active compounds
used, if desired with the substances customary for this purpose, such as solubilizers,
emulsifiers or further excipients, are converted to solution, suspension or emulsion.
Examples of useful solvents are: water, physiological saline or alcohols, for example
ethanol, propanol, glycerol, and additionally also sugar solutions such as glucose or

mannitol solutions, or else a mixture of the different solvents mentioned.
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Rasburi case alone or in conbination with high
concentrations of uric acid. Furthernore, the
conbi nati on of Rasburicase anfl uric acid even i nproved
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conmbination is present prior and during jschem a
Exarpp|esrafssitahle phAmaceUtical lREuaiens fQ;@q%ennait@élondntth% form of
f
aerog)8([|§ Odgssg?&féjéfbt §o|9ﬁ+r¢sa§gjsggf1§é§§ Zahylsf&&%ég‘?ﬂ}la%ﬁ& Ficellar

meditatharaiemys bbthet drrﬂlvbnagr(emnts or trpermphydlalmgmadjf/ compatlble salts in
di sorders or indirect e uel ae. of the he Et caysed b
water of e girhagmacepigalyy ioRable wateréwaFr@ eeoaabjsr ﬁ%'vsﬁh ora
mnxt@rr t&fs&ﬂ%‘;\?@té g@@s (§ﬁ|t5b|éefo%§ﬁ| iSRARSIR Yt fofhYof aerosols or
pass rcut aneous coronary
sprays;tfer eramptanfor nasahagmanisteatioon are pewde;moﬁahhei adtive ingredients or
t he treat nent | axi s of

o i3S b P 1 RFBBI G iyl oo
othegggﬁﬁﬁéédﬁlcﬁﬁé‘iélpﬁeﬁté 8lich as BotratingradRitRea ﬁﬁﬁéctants emulsifiers

tional treatment with a scavenger for H2Q2 |
and pta@ileersscandfaiso @@mpeéam gasmilhe fwmmabenfmem@ln@ﬁ may

addl‘_ork%@g%,m @g?@?ﬁ% F%ﬁ%@f?{}ﬂ?ﬁat IFloglvonoi d,

Cat echin und Ant hocyan nore preferably L-ascorbic

acid. Pharnmaceutical formul ations conprise, as an
The dosage of Basbuticase: to bsadministerqdinjersordanca Wi the irention

depqristititil 8B bRFE bt R R EE LG <hbuid beadiustpg to the
circumhstane@sobtherindwiduah eas@ atiusaah For irstahcm iicdépends of course upon
the flrenqgure%(ély%rf]ta%mln|strat|on and upon the potency and duration of action of the
compounds used in each case for treatment or prophylaxis, but also upon the nature
and severity of the disease to be treated, and also on the gender, age, weight and
individual responsiveness of the human or animal to be treated, and upon whether

acute or chronic treatment or prophylaxis is being practiced.

The dosage of Rasburicase may typically vary within the range from 1 mg to 1 g per
day and per person (at body weight about 75 kg), preferably from 5 to 750 mg per day
and person, for example from 100 to 150 mg per day and person. However, higher
doses may also be appropriate. The daily dose of the active ingredients may be
administered all at once or it may be divided between a plurality of, for example 2, 3 or

4, administrations.
Experimental part
List of abbreviations

Asc.A Ascorbic acid
kDa Kilo Dalton
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can be produced in a manner known per se. To this end,
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Rasty nt r avenous| Rasbeddase y, nasal ly, by inhalation or
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Repefie parti cul BEPBHYEONThe excipi ents which are suitable

for the desi rmaceutical formulation are
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formers, supposj.tqory bases, tablet excipients and
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use, for exanple, antioxidants, dispersants,

emul sifiers, antifoans, flavorings, preservatives,
Exarapleudi Aquedus selgtion forfintrawenaus/agginisttadiont ef f ect ,

To prefara AR PLEOGHoh Abrikfishio 25 Gu i Auly BoiHpRUARRr m, 0.5 mg
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customary for this purpose, such as solubilizers,

Experiments on isolated working rat hearts

As biological materials the isolated hearts of male Wistar rats were used which were
purchased from our Laboratory Animal Science and Welfare (LASW). The heart
function (coronary flow and contractility) was investigated on the “Isolated Working
Heart” model as previously described (ltter G et al., Laboratory Animals (2005) 39;
178-193).The hearts were first perfused according to Langendorff's method with an
oxygenated (95% O,, 5% COy) noncirculating Krebs-Henseleit solution of the following
compositions (mmol/L): NaCl, 118; KClI, 4.7; CaCl,, 2.5; MgSOQOy, 1.6; NaHCQO3, 24.9;
KH,POy,, 1.2; glucose, 5.5; Na-pyruvate, 2.0. A catheter placed into the pulmonary
artery drained the coronary effluent perfusate that was collected for determination of

coronary flow and venous Pg, measurements. The left atrium was cannulated by an

incision of the left auricle. After a 15-minute equilibration period at a fixed perfusion
pressure of 60 mmHg, the heart was switched into the working mode at a fixed filling
pressure of 11 mmHg. Coronary flow (CF) and pressure signals (dP/dtynax) were
sampled at 500 Hz, averaged every 2 seconds.

Effects on coronary flow and contractility of the heart:
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c o : . f ,
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salts. If required, all fornulations nmay al so conprise

ot her pharmaceuti cal excipients such as isotonizing

digded : n bt Rr Ayl ,

Tablg 1 EeFst intHEd Ry b3 coREMRaldrilen PolonahE bk (SR g
contramilityddPrdtandin isoleted matt hemarfsymnes: df *p4202 s draisativalue
products. The dosage of Rasburicase to be adm ni stered
in accordance with the invention depends upon the
At Vi aicase[gd, Tor OpL,oTRl RRLOPN. SPAYOJ De [ Buffer
adj ustled to thef|circunstamnces of the Indivjdual case
as uswélalu@or i nd0ahte, i1 30gpends10PuMour s20QuMn t he

CF cur at { I OF0aie | d SF-G IR | dAIdUniLousdd | ) GACROChsE 443

(ml_f/,qllin)treat ment ol prophylaxis, but|also uponh the natufgo.96

dP/dtnax | 4646 + 178 | 4774 + 185 | 4469 4573 1698 + 69 | 2493
(mmHg/s) +167 | +268 +182°

Increasing Rasburicase concentrations (0.5, 1.5, 5, 15, 50 p#g/mL) induced only a slight
(not significant) decrease in coronary flow and contractility, which was not influenced in
the presence of uric acid (6 mg/L) (Tab. 2). Similar effects were observed when high
Rasburicase (50 ug/mL) was perfused with higher concentrations of uric acid (6-30

mg/L) (Tab. 3).

Table 2: Effect of increasing Rasburicase concentrations with and without Uric Acid
(UA 6 mg/L) on coronary flow (CF) and contractility (dP/dtnax) in isolated rat hearts;
n=6-7/Group

Basal | Rasb Rasb Rasb Rasb Rasb
Value | 0,5 ug/mL | 1,5 ug/mL | 5 ug/mL 15 ug/mL | 50 yg/mL
CF 14,39 | 14,09+0,86 | 13,69+0,89 | 13,59+1,02 | 13,11+£0,99 | 12,27+1,16

(mL/min) | £0,89

without
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acute or chronic treatnment or prophylaxis is being

practiced. The dosage of Rasburicase may typically
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person (at body wei ght about 75 kg), preferably fromb5

to 750 mg per day and person_ for exanple from 100 to

UA150 ng per day and person. Howeyer, higher doses may
al so he appropriate. The daily dose of thée active

CFi ngr edi1&n86 |ndy7+®7ad i 4:®74d | 451050,088 ¢ 4 408240, 76yl 3,3+0,81
be.di Vi ded bhetween a plurality of, for exanple 2, 3jor

(mL4mi drri"—'rq’g?rations. Experi mental part Lis{ of

Witrﬁlg%ge\;i ations Asc. A Ascorbic acid kDa Kil ¢ Dal tonn
unber| of aninmals P Prlessure Rasb Rasburi ¢ase Reperf

dP/Bper f| 9T (UB1Urs R6ACIAR7TExRBH] 4148 AT mdd 8614 386 | 39171252
(mRgRy | % 288"
without
UA

dP/dtmax | 4534 | 4657 + 215 | 4538 + 234 | 4491 + 291 | 4381+ 292 | 4200+348
(mmHg/s) | + 158
with UA

Table 3: Effect of increasing Uric Acid and high Rasburicase (Rasb 50 pg/mL)
concentrations on coronary flow (CF) and contractility (dP/dtmax) in isolated rat hearts;
n=4-5/Group

Basal | Uric Acid Uric Acid Uric Acid Uric Acid Buffer
Value | 6 mg/L 6 mg/L + 15mg/L+ |30 mg/L+
high Rasb | high Rasb [ high Rasb

CF 12,86 | 12,86+1,47 | 13,23+1,61 | 12,27+1,54 | 13,34+1,56 | 13,47+1,32
(mL/min) | +1,56

Control

CF 13,32 | 13,51+1,02 | 12,57+1 12,35+1,31 | 11,06+1,22 | 10,58+1,2
(mL/min) | £0,99

with UA

dP/dtnax | 3550 | 3599 + 524 | 3745 + 581 | 3845 + 570 | 3897 + 455 | 4100+390
(mmHg/s) | + 447
Control

dP/dtyax | 3780 | 3867 +327 | 3821 + 347 | 3982 + 341 | 3610+ 241 | 3671252
(mmHg/s) | + 213
with UA
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Exanpl e A© Aqueous sol ution for intravenous
adm nistration To prepare 10 m of solution conprising
WG0AH36T3 acti ve conmpound per m, 0,5 ng RasbuPCTYEB08/006858
were dissolved in 10 m of isotonic (0.9% sodium
chloride sol ution. Experi rrents on isol ated working rat
hearts As biological materialld the isolated hearts of
mal e Wstar rats were used which were purchased from
our Laboratory Animal Science and Welfare éLAS The
Effegis @ntcaranam f!mv eeemnﬁaytlhtv&m%ae%wthawp ak isg e%?sand
tigated on the "lsol ated Wrking Heart" nodel as
repehpéaﬁously described (lItter Get al., Laboratory
An| mal s (2005) 39; 178-193).The hearts were fi rst
f used accordl to Lapgendorff'
) ins569

nghﬁg,%giagg gyg/ tigp ywth Igl.ﬂ‘;{r|cr@C|d concentratlons (150r

30 nﬁg)g%})ﬁ?é‘ﬁtﬁé@ﬁ d%@%ﬁ’d%{%& |Hf£r \ﬂéad fr% lle%rgé‘lg' &%m%éml%perfuswn

(TabNaHEYB, 24.9; KH2PO , 1.2; dl ucose 5. 5; Napyruvate

a2 e B RS R ST VoL 15 moy

f tHAIaP/81,Q)y iAfsblated rat heart
condeABISHS ' Ao ICN [0F) s ehnas (o gy st at hears

with global isshethid pndrrepedusiponno$/Graup] @f<0.Cuvs antroki ter a
15-m nute equilibration period at a fixed perfusion
pressure of 60 mMmHg, the heart was switched into the

wWor Ki g mmfe af 1aninl Xed| Globding PRepsHr € of RéperTHy. | Reperf.
Coronagry flow (CF) and pressure gignals (dpP/dtmax) )
were shefdred at bstwerz, | lschemjad| 8veinaftersptomis. 15 min
ischemia | ischemia Ischemia after after
Ischemia Ischemia

CF 13,28 12,82 0,38 447+1,69 [4,71£1,86 |4,73+1,85

(mLY/min) | 0,7 10,75 +0,06

Control

with UA

CF 14,55 14,59 0,38 9,76£2,4* | 8,24+2,95 |7,94+2,83

(mlL/min) | £0,7 +0,75 10,01

with UA +

Rasb

dP/dtmax | 3600 3608 61 +1 1057+ 496 | 1284 + 667 | 1403736

(mmHg/s) | + 250 +318

Control

with UA

dP/dtnax | 4000 4074 61 +1 2987+687* | 2056+ 672 | 2110774

(mmHg/s) | + 270 + 277

with UA

+ Rasb
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Ef fects on coronary flow and contractility of the
Hi gh Rasburicase concentrations were tested in
W@ 20vBi03873 on with different uric acid concent re€T/BP2I0ON68SS

heart:

i sol ated working rat hearts for their

cardi ac effects caused by the generated
hydr ogenper oxi de (H2Q2) .
concentrations higher than 100 MM H2Q2 strongly

reduced coronary flow and contractility

1
Tablgf&&ﬁeccmfh\gbr%@%buf aﬂ@dﬁ%brﬁ@drﬂ/ﬁ&t)uaé\% Bﬂ/’@& dHA 3P

ofighE bn B Y IAEICE]

con

TadBe 1 shows t hat

Tabl e

possi bl e adverse

mg/L)

| &d (cgﬁ(rgcgt’TWZqP/H g%%cﬂgtddar‘at hearts

basa

with B&ﬁialuisméﬁﬁa @Qdoepérfaslbnnﬂ S/Group1px0.05 vSEorﬁﬁJI g/ ni)
i nduced only a slight (not significant) decrease in
coronary flow and contractil [ty whi ch was not

T ogT T €St ar d (© (rap
2). Si hs:rﬁm effects were¢ o%serve ﬁvﬁgﬁ hi g %EH Repert.
Rasbur|ibetere (50bgforel) Niﬁ:hﬁﬁ’llﬁU>5dleafterh gﬁemln 15 min
concentrations|of uric acid (6-3pD /L), (Tab, 3).
Tabl e |3schamigc{ ISSheMidr pasi ng RasBiFERERe | after after
concentrations(with and{wi thout Uric Acid [|ddh8mi®/ L) Ischemia
on coronary flow (CF) and contractility (dP/dtmax) i

CFi sol atjd®,3%t he¢dBtis, n=60731G oupT8/84e:1B8 Ef 9d6+189 | 9,25+0,63
i NCr.easi Ui¢ Acjd and Rasburi case [Rasb 50

(MLgmin) ) FWohcent | #0i%hs on Bé&gnar/ fl ow (CF) and

Compditractility (dP/dt nmax) in isolated rat hearts;
n=4-5/G oupEf f ¢cts on copronary flow and coptractility

withoUAt he heart with gl obal ischem a and repeffusion:

CF 15,14 15,21 0,39 12,89+2,2* | 12,9+1,35" | 12,44+1,1*

(mL/min) | +0,8 +1,06 +0,02

with UA +

Rasb

dP/dtnax | 4020 4017 59 +2 2224+ 418 | 2898 + 314 | 31921273

(mmHg/s) | + 350 + 437

Control

with UA

dP/dtnax | 4090 4115 61+3 3759+587* | 3300+ 75 | 3373152

(mmHg/s) | £ 339 + 328

with UA

+ Rasb

Addition of ascorbic acid (1 mM) led to a normalization of coronary flow and a further

improvement on contractility after ischemia/reperfusion (Tab. 6).

Table 6: Effect of high Rasburicase (Rasb 50 yg/mL), Uric Acid (UA 30 mg/L) and
Ascorbic Acid (Asc.A. 1 mM) concentrations on coronary flow (CF) and contractility
(dP/dtmay) in isolated rat hearts with global ischemia and reperfusion; n=6/Group;

*p<0.05 vs Control




H gh Rasburicase (50 /yg/nlL)

uric acid concentrations ( 15 or 30 ng/L),
W@ aeesIBsrat i on- dependent |y i nproved the recovePGT/EP1083/006858

i schem a/reperfusion (Tab. 4, 5).

Tabl e 4:

in conmbination wth high

Ef f ect of

hi gh Rasburicase (Rasb 50 /yg/nL) and Uric Acid (UA 15
mg/ L) concentrations on coroddry flow (CF) and
contractility (dP/dtnmax)

in isolated rat hearts with

global ischemia and reperfusion; n=5/Goup; *p<0 05 ys

Contr ¢I5main e 5| IEMirect ¢Glabah Rh&apertase ﬁ%’ﬁﬁf 50 Reperf.

g/ nm.) ric @&y (UA 0 fi :

corona ?{%’q?r cg{rgnd (i%ﬁ%é%l I :ét'@ﬁk%@t r}ggﬁ I n 15 min

i sol at Q§brfeﬁtﬁ|ah€‘@édr®rmfat h gl obal i $sdhemmia anafter after

reper flusi on; n¥5/ Group; |*p<0.05 ys Control |Addition of )

ascorBlic acid ( 1 mV) léd to a normalizati pfshemia | Ischemia
coronary, £ ow g fort TpT OvETEIT
CI:cont rac%’%ty afir‘lxg2 [ scmg)%%/ reper ?Ug;ﬁilozn?? r1€’8765° 59 | 13,4820,57
(mﬂﬁﬁrh)e &0,88 f ectl 10f5hi gh |Rasdruri case (Rasb $0 g/l _),

Uric Acid (UA 30 rrg/ L) and Ascorbic Acid (Asc.A. 1 mM
Comdelcentrati ons|{on coronary flow (CF) and contractilify
WMGW dtfmac) in ijsol ated nat hearts$ with global ischema

and reperfusion; n=6/G oup; * p<0.05 vs ControIAs
+ Rabbwn |above heart function was n t significantly

aff ectled by hi r|h concenflrations Rashuritase alone
CFor in|ddwdf nat {df23 t h hOg# conc ﬂf’Fétq(sons dB.Qle | 12,6416

Wel 4 si ngl the u Rasburicase |n the
(mLI V2 11 39

presence’of uril¢c acid eyen’inproyed heart function
withith gresent prior and during is¢hem a/reperfusion.In

t he sg¢enari o off cardiac|surgery and heart failure,
+RasBat fent wi th|Rasburicase is assumed to bg suitable
+AstAl safe. In our ischemfal/reperflision expefinents
dP/dtmax | 4813 4849 61+2 2624+ 625 | 3730 + 156 | 4160+255
(mmHg/s) | £ 300 + 314
Control
with UA +
Rasb
dP/dtmax | 4574 4437 58 +2 3862+379* | 3976+ 268 | 4002+274
(mmHg/s) | £ 312 + 297
Control
with UA
Rasb
+ Asc. A.

As shown above heart function was not significantly affected by high concentrations of

Rasburicase alone or in combination with high concentrations of uric acid.

Suprisingly, the use of Rasburicase in the presence of uric acid even improved heart

function when present prior and during ischemia/reperfusion.




Rasburi case even inproved cardi odynam cs after
ischema.Clains 1. The use of urate oxidase for

WEe@dosidny a nmedi canent for the treatnent or PCT/EP2008/006858

prophyl axi s of disorders or indirect sequelae of the
heart caused by ischem c or reperfusion events. 2. The
use of urate oxidase accordidg¢ to claim1l for
produci ng a nmedi canent for the treatnment or

prophyl axis of heart failure. 3. The use of urate

In thesicenawio at cardinchgungen: aagd eart faiure, freatrpeniawith Meshuricase is

med| t.f.ar eat f X1 S .

s GERF Shinah A b oS o R BB S Besments.

Rastsricakedigvéntitpebvaditdrdicdynaitids aftogisehemda.canent  for
the treatnment or prophylaxis of disorders or indirect
sequel ae of the heart caused by ischem c or
reperfusion events during and after cardiac surgery.
5. The use of urate oxidase according to claim1l or 4
for producing a nedi canent for the treatnent or
prophyl axi s of disorders or indirect sequel ae of the
heart caused by ischem c or reperfusion events during
and after coronary artery bypass graft, percutaneous
coronary intervention or transplantation. 6. The use
of urate oxidase according to claim1 for producing a
nmedi canment for the treatnent or prophyl axis of
nyocardi al infarction. 7. The use according to clains
1 to 6, wherein urate oxidase is a reconbi nant
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urate oxi dase. 8. The use according to clains 1 to 7,

wherein urate oxidase is Rasburicase. 9. The use
w@ewonsiizmy) to clains 1 to 8 together with a H2ERI/EP2008/006858

scavenger. 10. The use according to claim9 wherein

the H2Q2 scavenger is ascorbi1% aci d.

Claims

1. The use of urate oxidase for producing a medicament for the treatment or
prophylaxis of disorders or indirect sequelae of the heart caused by ischemic or

reperfusion events.

2. The use of urate oxidase according to claim 1 for producing a medicament for

the treatment or prophylaxis of heart failure.

3. The use of urate oxidase according to claims 1 or 2 for producing a medicament

for the treatment or prophylaxis of congestive heart failure.

4. The use of urate oxidase according to claim 1 for producing a medicament for
the treatment or prophylaxis of disorders or indirect sequelae of the heart caused by

ischemic or reperfusion events during and after cardiac surgery.

5. The use of urate oxidase according to claim 1 or 4 for producing a medicament
for the treatment or prophylaxis of disorders or indirect sequelae of the heart caused
by ischemic or reperfusion events during and after coronary artery bypass graft,

percutaneous coronary intervention or transplantation.

6. The use of urate oxidase according to claim 1 for producing a medicament for

the treatment or prophylaxis of myocardial infarction.

7. The use according to claims 1 to 6, wherein urate oxidase is a recombinant

urate oxidase.
8. The use according to claims 1 to 7, wherein urate oxidase is Rasburicase.
9. The use according to claims 1 to 8 together with a H.O2 scavenger.

10. The use according to claim 9 wherein the H2O» scavenger is ascorbic acid.



