WD 2011/ 051387PCT/ EP2010/ 066351 DI AGNOSTI C COVPCSI TI ON COVPRI SI NG PLASVA
CATI ONS HAVI NG SUPERI OR SAFETY PROFI LE The present invention relates to a
new di agrwet2nri/o%13say conposi ti on whi ch exhibits a super ipor/EPasidiosssssaf ety
profile. The it ' ~Lonic iadi iJTer in a

S5phar maceut i Pﬁgﬁ%ﬂgﬁg@%;ﬁ@Mgﬁﬁémghﬁ%ﬁf&gﬁoﬁéﬁt es to nethods
of imagi ng using such HAVUNGSUPERIORBAFETYPRAFILEIi agnostic imaging is
based on the achi evenent of different signal |evels fromdifferent
structures within the body. Thus in X-ray imging for exanple, for a given
body stlhagrescet ingentioniyelates &1 dhewv draghdsticiXrageconveitikn mehychagxhentsax Superigey t hat
struct ur%irmsé%\gi%‘oflﬁer ,I%rom t ha{j of thre sgrro_limdi nogi.ti Saﬁ es. ; The difference
in si gFAITESPIREL RO R THS S)mBY YUY CraPTaite d PP LUty SR Cﬁ???%requently

ter yed phamidcagticallp dedopedd] dahodt TRamvBRh doVvielaed tb endiRAIDST Fhagibhadie Ny
contrast in diagnostic inmaging since the greater the contrast between a
body stskelcdiagrosiagompesitéan: r oundi ngs the higher the quality of the images
and the greater their value to the physician 15perform ng the diagnosis.
Moreover, the greater the contrast the smaller the body structures that may
be vi susdl diagibstin ihhgng iEgkaorpthe aellivvasent bf differdit sigasldevdtofibmalifferean | ead

to increased spatial resolution, The diagnostic quality of imges is
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Achi evisngoumimpisnentTherdifaechcaindignghogwveen thadbiy strifciiot @nd fasurta@mdingeen and

still repains . an inportan al .. | chni qyes .such as X-ray, one approach
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bei ng i maged. Thus for ray, early exanples of contrast agents were
i nsol ulsheounddngyahé bigherthe qualidy oEthghinegesant alncerdatx thay vakue émthetphgsician t he

bo zon i.nt ich th distributed. .For the |ast 50 ars the field of
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contrast agents are usually classified as ionic nononers such as

di at r i 2b¥taéraolulignikBicedagnogtic gundiey of Inngey waeongly dersdentoyrthe EWTrNt i oni c
di mers h - t . r . brixTm,
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Omi paqueTiyscen papicskalt af pieddicelhgogic quatier fattoe fdrrdagaosthariknapsovueTn) ,

i omeprol (marketed e.g..under the trade mark |oneronTM and the non-ionic
di HAr S SYAHOMI AEKEF BsUGh  dhagnp¥ic quaty giokbay @P%B%ﬁﬁ‘e%ﬁaﬂlhﬁf@aléﬁ #hi cal
saf ety ;@bohadiopat ed WO 2011/ 051387PCT/ EP2010/ 066351 X-ray contrast nedia
has cont nuousgly been i nproved over the recent decades through devel opnent
of new agents; fromionic nmononers (IsopaqueTM to non-ionic nononers (e.dg.

Oomi M) . and -ionic di __Visi Tn) . .. However,, th
i oh y idrr ikt o pas et doCimannE PR Pt RATE M ¢ a1 ow
degr ee wRén WIHBSHIRRLAr £ bitlafding PhA&iRefrRGlafod SWeRraAS nfeaRtinRShe boduced

Nephropathy (CIN), adverse cardiac events, and del ayed adverse reactions

( DARs) reglombeing enagod; Thircioe Xi-wyacaglyicarmples néeentragt aggniseveraimdowbifcer X-r ay
contrast nedi . especially wth egards to di agnostic investigatjons
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utilityigfibite Eanhé RSt 50RAAhE SicRE-Recdndhgebyntbiad Been dowiiitddyby by its
di agnostic efficacy,. by adverse effects it may have on the subject to which
t he cornplhktiogipg copfringiecomneuadse Femmerigl Hipilable cerfrast medid(6¥lhconBiIngt or age
and adnj i i e g . i i cal of a
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meddum(marketedaf g. tuhderdhagadsibik Gompgsifdn™8)) jorgc dimdrhieuchals vealasy carrier as
wel |l as the contrast agent itself 15and its conponents such as ions for the
i oni ¢ ¢BRE aféte-%géa?réﬁ%lﬂaéeamg %W%flém_gele%%l? OSOMERSURYADPXY cor onary
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expanding capabilities of coronary interventions, 1ncluding percutaneous

t r ans| umirk ddovoo™Mynamepmh gnafktad ey, undltentradtei roark ddmstoa Y )sanddimeinon-ionic

Intrac %rir(rjlgrairo ixg'lgom(ﬁllaﬁge e%tdn re]r t%fe t}agee &%&%}sﬁp%aueTM). The clinical safety of iodinated



20 Over 70 mllion procedures, a mpgjority of themcardiac related, are
performed worl dwi de annual ly. Severe side effects caused by i odinated
radi ogr aphioeotianstasast nedia are rare, but can occur in IRCEIEPRO19kG6EaL | ent s
and during percutaneous coronary intervention. In cor onary arteriography

the bl qod t houl d i deal | 25 epl aced
by bory St anis b Pafhistbiies Tosie PR et SO ROt e T e
att enueteveaprﬁémroa@lbwrgaﬂb%&ﬂ %Iﬁ@%ﬁweemsbmcﬁe% BHBASEiE niolﬁagllefgg(e Mhen

contrast nedia replaces blood, the contra di a nol ecul es cause
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al ter at-ons may it FUERc con rac of e and “eqr fiaR"T m-and cause

vensri efcats, s3ioh apCohtrat Ir@ﬂcédﬁﬁéphr&&itl%ﬁ(@% adﬁbleebmracefvem@rnhﬂaietaymadi ainto
the coronary arteries induces regional el ectrophysiologic and henodynam c
ef f ect @dvessd feaefions sRARSE (fonscaientystthare isa clidcahapdd 95 a@awmédéfs? Es@yon, ar e

cont as R RU g B e O E st g AR TR B 10

bot h ofthddy tscanieidh ASk phthesdGhddHef®dctdhcare AS), are directed to X—ray contrast
media and to their formulations including different salts. There are al so
nunerous studies on the advantages of fornulations of X-ray contrast agents

Wity t g lpghHusHAR c&ftra%%&cﬁa iRVl M?r%-lr L NestdEeitd, tbgr t%tdila[g%ost% é{ﬁb/ﬁ:gahave

been performed on isolated Shearts fro s (Jynge I nvest tive
Radi ol byadt9s3¢itass it aGyBye amdlersabj@cttts wihdt ﬂneebnfaas;t medmestswganmwtereﬁadl ol ogy
1993, 28, ,223-227 i 0gs Peder
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(Acad. cRaelsof a céRPht mbdiunPE3coRBibudies By ithie domner® of Rt foAndialichmadiuan of
i odi xanol containing 19 mV NaCl and 0.3 mM CaCl2 exhibits a | ower frequency

of ventigi efithadiagnesticicomppyiion.iteg thqmlv@ah@tl cagligyrre wellgs Jocestmsiast agentdtself
I nygst 'a%ﬁ‘ 1its c?mBR&getn%l s%?l)fa 12)%? for%ﬁe 10%10 Y A}t%@é’ Ws 5 Od'jl £1§0r ggﬁtg F%tarbgﬁt%gt ed

i njections o resu S Oon i notropy
and nonophasi ¢ action potentlal mhereas Ri nger's solution had no effect.
This was investigated to understand hOM/anqlography in clinical, practice,
wher e rTélﬁél&fI@ar Phjosetary RECTAREAMNS PIRASE BiTHrBPNINGCY 10 InCrepe coBiFfEReVidbenar y

tree, i cations.
The currﬁg r %@2@ \(‘or g%%%tgg%?@%@@ pg@gtal%@g rrﬁlaﬁ%:lg%tm%l ns 19 nM
sodi u mcommr;%@idbla%tm%p]ahtaﬂumf aogs, (v Sntpeagroadg adnilihis&atﬁ(m anﬁiha’apmm as
experi been s ovvn to exhibit a superior cardi sa rofile as
§§ 25 Pﬁlﬁﬁ%@ﬁ%e Wit r?olaﬁwazva%%fleawﬁ ACHgiRdy s oF p lﬁd@ S0 studies
' n a C%ﬁHﬁa@EI Bé&ré‘ﬁ@@kffec@é%au@écﬁ@y kﬁ{@%&na&bg&%% c%trés% ﬁieafaea@e faa@é Rt cdearts.
In simlar studies it has been shown that i|0hexol also shows an increased

car di aoctwlie highitisktpatigite and dunmg Eredansothcadoay igaivestiommai nly NaCd . WO
2009/ 008734 of CGE Healthcare AS discloses a new class of conpounds and
their use as 25 X-ray contrast agents. The conpounds are diners containing

two | i nkeeron®gi an@tiegkapheiiéblood in the coronary arteries should ideally be completely

25  replaced by a bolus of iodinated radiographic contrast media to maximize the attenuation of
radiographs and thereby optimize diagnostic imaging. When contrast media replaces blood,
the contrast media molecules cause chemotoxic and osmotic effects in the coronary vessels
and also alterations in electrolyte concentrations, viscosity, and oxygen tension. These
alterations may influence contractile force and cardiac rhythm and cause ventricular

30 fibrillation (VF). Selective injection of contrast media into the coronary arteries induces
regional electrophysiologic and hemodynamic effects. Serious ventricular arrhythmias, as
well as cardiodepression, are known complications of coronary arteriography that may be

related to the contrast media.



groups. The bridge linking the two iodinated phenyl groups is a straight C3
to C8 al kyl ene chain optionally substituted by one to six -OH or OCH3

groups. Avoangesofs7conpounds are covered by the general pCompadia/ned3pt of the
application and nmany specific conpounds are suggested. 30 Conpound I, which

of 20567 50t Tt RO PaIORheo LY Rn i St senfie bt M pred”
proper ti @(Sfag 20 IbaR2ha8d Bel! (FRRAM4RGRARding differ&RTRRN MHede are also

5-[fornyl -[3-Fornyl -[3,5-bi s(2, 3-di hydr oxypr opyl car banoyl) -2, 4, 6-

trii odopherusstudiasop-the adrnagoeidpynylanensef XNray copirast 2gSutsiviip diroxy pr opy 1) - 2
,4,6- 5triilodobenzene-1,3-4di carboxam deo. The.applicant. has, now surprisingly
- denti PG ROEMS TSN SRR RThEC SRS AR TR AP R O

car di ahesaf Rov rixs Ofyinke ced., CoRMagREe RadMilciyPid98 iy 0a3) ahdvbbit(Bdath dtar i n
vivo studies as_ indicated above. Thus, in a first aspect the invention

provi déb Iavestiggivsftadio oS 28.0730rmbrin 8psry Padersings ahdAad. Ragiper9%bnpound
| a phar ical:ly.ac i er:: i t i Seglh UM
compound Taeg ) 681 RO RLARE ERALAETS (RIS Bl GLE Radlo 3004
40- 50 iVl 58%593)odletd itris shownabatadiotmaltii@nofibd@adel@oitaimitg PDmMI®ACl and

physi ochem cal properties of. Conpound | are found. be] ow. Further
nf or k1 B GBETERRIRES AltHS deatietsy of VAnsgkiRt %@ﬁ?%@nﬁ BAPLEFIY SN and
acype toxicity information, is provided in Exanple 1. Protein binding i The

bi ndi ng of Conmpound Ito human serum al bumi n (HSA) was determ ned 25 using
an equiJhé¢dbséruehadi livygigstiveRhdidlogTH89%i 28D H 924 stoenthetradidly wpbatadin ser um

al bum n_was determ ned t.o.be very l.ow, 3.1 .3 % confirmng the.
neql | giBFEEE FARE o0t 1t et armle ALATIF ek an ity i BParmESe wo
2011/ ORGSRV FSdhtPRDERAORMDRL s Bsilitibd hnsoedct ITHiewhs inVBRigayd®phddriteid y of
Conpound |, as determ ned through the partition between octanol and water,
showed howatng@empbuing clinica praatige.Hylire pictted ingationgaleagpufommop®, filbthe
Vi sgosi t,y; The Vi Si f nd. |..wa [.m 20 € and 37 C at
oo dPreraipt kIR b s SRR A BT 1R oBhgtedBiy
viscosity at 320 ngl/nl and 20 C is around 24 nPas.

The current marketed formulation of iodixanol, 320 mgl/ml contains 19 mM sodium ions and

0.3 mM calcium ions (Visipaque' ). This formulation has experimentally been shown to

exhibit a superior cardiac safety profile as compared to iodixanol without added salts, mainly

20 through in vivo studies in a cardiac pig model, but also through studies on isolated animal
hearts. In similar studies it has been shown that iohexol also shows an increased cardiac

tolerability when formulated with added salts, mainly NaCl.

WO 2009/008734 of GE Healthcare AS discloses a new class of compounds and their use as
25  X-ray contrast agents. The compounds are dimers containing two linked iodinated phenyl
groups. The bridge linking the two iodinated phenyl groups is a straight Cs to Cs alkylene
chain optionally substituted by one to six -OH or OCH3; groups. A range of compounds are
covered by the general formula (I) of the application and many specific compounds are
suggested.
30
Compound I, which is one specific dimeric X-ray contrast agent, falling within the formula I

of W02009/008734, has been found by the applicant to have favourable properties:



Csnmol ality: The osnolality of Conpound | was determ ned at four different
concentrations, 10 204, 254, 310 and 324 ngyl/m . The osnolality of Conpound
| at 320 wolomiosizs7136 mOsni kg. A new di agnostic X-ray eQmEEP010/066351Whi ch
exhibits a superior cardiac safety profile as conpared to VisipaqueTM has
been identified. Inoadqn tIHOI’IOtO the safety of the conpound itself, 15i.e

t he conpound pr ontrasgt, the additional conponents of the

di agnospic copposi AT€ i aly t,udy by Chai et al. shows that a
formul atio con ing 194V NaCl and 0.3 nM CaCl2 exhibits a
| oner frequency' of veht ricular] fibrill at| on (VF) than iodi xanol alone. 20
Thi s study.ovvaﬁ/c\a “bed out i RrP Ng%ne the mediumwas injected directly
into the left oﬁ:OIHOI’]aI’y artery (L'CAYywhi ch had been previously occluded. No
occurrence of ventricular fibrillation was observed on injection of

Vi si paqueTM As part of the safety testing of Conpound I, and

i denti fd d;lg;d“ f @Qﬂpound | were i
tested dan cg?rplgffse[go vv?,% [?Jt}ggl%;[ausg&l\ﬁzhj allhr}{glg&wloﬁgc%?g@?g%sl’ y published

st udy (taiodvld)enzﬁammph@drydnmyprqpm}]@mtdeN df-bB@,dihyddixypropyl)ieds6car ri ed out
ove at40 %; iéd{] ttI)ITE d no i nstances of VF occurred, the injection
vol tme WQ R Eas2d 0" PE™i over a period of 62.5 s to increase the
instances of VF for conparison purposes. In addition, the test and
reference solutions were selectively injected into the | eft anterior
descendibsgppligashbasynoay suepysigalamientificdp dev diagnpsficFeny poropasiing wikieh

sensitiy h i venrwi a i Di ted a
si gni £i ciélnr?%/tsg relgqeglg)ﬁ(c%g(;eaf S{ént rrlogfjelagrcg??%l%fii{ ’ISI que 6§}p qgl% s%%ﬁ?ﬁh .
exper i mpptssuddstas duiditdtoegbave. Exarrpl e 2. W 2011/ 051387PCT/ EP2010/ 066351 To
our surprise, the new X-ray contrast agent Conpound |, when fornulated in a
di é@nosti c conposition with as much as 40-50 mM NaCl and 0.1-0.7 nM CaCl2,
showed f. of 3 and Table 3
For - deraitaf N GRERT U kAR LA Lo LR RS, 2 E"s1 Ll e,
an i ncreeasepiaundtthe frequency of ventricular fibrillation fromO0%to 100%
was observed w th Vissi paqgye. ;However, even at the high dose, the dineric
X-ray contrast hibited no ventricular fibrillation. The
maj or d,io Wﬁwoprwlated with 45 MM NaCl in this
st udy, igh f's ghér than that of Visipaque (19 mM

with cal cid i eﬁgz@mOlandO?nM there was a
significant r @Iu&'tlon in systollc rterial pressure (SAP) and |eft

ventricul ar systolic pressure (LVP) when | ess cal ciumwas present (Table
2). These data i f@meuBddhat the major factor influencing the frequency of
vengricular fibrillation is the concentration of sodiumchloride, while

cal cium has a significant effect on systolic arterial pressure and left 15
vent r i auypharmaysticillyacpipeddecariét VSP) . | ndeed, a study in normal pigs showed

t hat whil AD, i njection of a conposition of co nd | contalnln 45 mv
NaCL wibH oA ER eio B eaMPatng Ands e FORPTIR PR RS SoB0HE Baconds

after i-Bh&&lhGsh §7RR50 BIM ard 4 cARuEZioRRbARMLSEsh 0. Ronggs Lact ate),
i njection of a conposition of compound I containing 45 nM NaCl and 0.5 mM
CaC12 mal ntained LVSP in a nanner simlar to Visipaque (-0.3 and +0.1 20 nm

Rt B hF ol T nsr e ol CEai Lt b YRt e G ok S APy e

occasi @R ftHbad uwl, 19 addjtdaltd BRYistiibudioRia8s helRE VRS iBfRMANINTR Boyidéd if 0 50
seconds after the start of injection (this limted any anal ysis of the LVSP

respon@)ﬂmpﬁ]ese results further indicate that the presence of 0.5 nM CaCl2
in the conposition of Conmpound |I is beneficial and limts any negative
effects on 25LVSP in a manner simlar to Visipaque. Furthernore, the added
el ect r Gryte@mshindieg.€Tie bimdihgef Compound I to human serum albumin (HSA) was determined

25  using an equilibrium dialysis method. The binding of Compound I to human serum albumin
was determined to be very low, 3.1 £ 1.3 %, confirming the negligible interaction of the

substance with endogenous proteins.



di agnostic conposition of Conpound | and Visipaque nmay | ower the propensity
to induce VF conpared with |opam dol which has no added el ectrol ytes. The
anount s awmo 20atdsess7of the el ectrol ytes studi ed are provipdedreoionedsse 4 of
Exanpl e 2h. 30ln a study of nore rapid injections (40nil, at 5 m/sec) left
ventricul ar systolic pressure was maintained and simlar to that observed

following Ringer Lactate and Visipaque adm nistration when Conmpound | in a
CONPOS ipha@dnWobticfat: MYV GlopAN #it9 0F CEMedhd B a4@stclRings tfgudethe phitivighy to
the LAD of normal pigs. I'n contrast |opam dol injection, ich contains no

added ércwerenoripnelsandwalere sipveedgheidrpeand 1 iseduy bydaphibc wibR I0ER afpt 28.2¢) .
WO 2011/ 051387PCT/ EP2010/ 066351 Furt hernore, |opam dol induced a
substantial increase in dP/dt (69% whereas Conpound | was simlar to

R nger \Wigglsay.eTtrRndscdbisy PRapuepound 1 Rias déteshiacd af 20 1aebl7 tMear@asealiférentd t o
309%9. It is considered that the presence and ratig of the el ectrol ytes
Sodi umceREpntraenschhe reaswis aca phawn HEe b kg IvacpBhisat 320 aadselund 20 “&nig

Vi si pachﬁmﬁtzgrq}ﬂeg, which are closer to the Na/Ca 5 bal anced conposition of
Ri nger Lactate and the interstitial fluid, contributed to a superior

mai nt enance of cardiac function conpared with that follow ng | opam dol

i nj ection, i ch contains added el ectrol ytes. The anounts and rati os of
the el é@@%ﬂhweﬂ*ea%@ﬂ%lw pHEEMPAIILEYES t%#@%’:ﬂ%‘?% CreRIGPOPFCIATatignS her

enhgdi mRAtoNf 3{dgnd ‘524%%1/&[‘. THQsHB RS bE COMRpQIndINe 3bOURII90 FPNPr i ses a
sodi um conmpound providing a sodiumion concentration of 42-47 mM and even
nmore pmePsndbly a sodi umion concentration of 44-46 nmM and nost preferably
a sodiumion concentration of 45 mM 15 In yet another enbodi ment of the
i nvention the conposition of the invention conprises a cal cium conpound

provi difigew alaghdiiciX0Rayc@mgRRtioat19eh &fhibltsdr QipbriciNar BACsEM9PrdfE & pr ef er abl y
a calciumconcentration of 0.4-0.5 nM and nost preferably a calciumion

concentcpaphisd toVigpBuallf, haobean identyicds eastditione thasafey oé theesempovad tisalf, on
congentration and | ci,um.ion ncent rat.i on, shoul t n.57 and 500,
cudR adbolte FRuROG G R RE LA SIRRLERS 56BN ore

pr ef er abhpobiibveertréGaland 115 and nost preferably between 88 and 95. I n
a second aspect, the invention provides a diagnostic composition conprising
25 a conpound | OHOH Conpound | 30a pharnaceutically acceptable carrier; WO
2011/0 0 ' v : [ - |V and a
cal ci uﬁkggangigyxmét?%i sﬁlgg/?]éh aﬁlgg ?%&LE%EH \}\lecgﬁoilg%foﬁlﬁq@?tglﬁﬁ%gfncentgg? ?%H#jand

cal ci ud.3 oM €a@berbibat b bowdrdrogetnser véttriamdr Abxillaiod (V§) graefi@tiadioy aléde. Thi s

isto mrror the electrolyte concentrations of .a R nger, l.actate
coﬁéos ﬂlﬁglwd%werwr@%m# e&aﬁgﬁﬁdﬁaﬁ&d%wem?%% Gy iHa 1ot Ctne
conpos 'chdi’ﬂélr{'@rVerP &@)l&fg(lzhﬁﬁ@laﬂ 'Beérﬂ?re%@ﬁm abcla@d No dec@rrerdcB8f ATRAHRAS

i ncl ude physi ol ogi ca t ol erabl e count er ions, e.g. selected fromthe
group dibrithtiar wdeobssuieg vatisicctimosfisipequentl. Ay parogbthe safictyansting.of Pr ef er abl vy,

t he sodi um conpound.is..sodi um chl oride and .t cal ci um ound. i s cal cium
chior 1 dOTTRGRG SR rRcERiediA Grtesh B b darRRaors DL SRR IBE LA%ECT L on
pref er alkad MdrempatarwitlSUdipaaué's’. saRemt RlpréasusiypaikEdAtude@bbani zat i on,
whi ch depends o%n inward pIflla?ﬂl(;urrent. V‘epbel [ e\[?/e t hat addi ng 4%{)50 mM
sodb umintereeronaningeteep ) il wlixanp Na@icartiesd aspyeund0-p ibeqtiogdinig and igser t o

t he nor. ' o ithal . Lan: t i Oy + /L. 15
Ther eby tashogtih bFC e I SARASINAL WA it Raed ESHRNRCr Liphdod M 688 s &

t he actid orRrqaed etihddncof of WB tfors@eiparsehpurpedes., It dddsticro thttestand rafgrehde " sl ow
response” action potential caused by too little or no sodium Previous

i nvest iSGREIPBNYCISHG IS CaYRWHY §9hect Intedi@e gt driemmar dsprsnfing ceronayrishy (1P B0

nmol / L) j- QI : i . i . ricul ar
b 11 e B By, S o P L PO O P
t hé0adaexhibapd afigndrcentsfodjuameyt af veotricnks tibrBaicm, ¢00 Yal(Biguicrior Elxse t he
negative i not rogly, S i nd'gct e y reduced systolic arterial pressure/left
vent ri CEPLMEISHGIOMENSH L Ex3aPledap/ LVP). To mai ntain normal extracel | ul ar
and intracel |l ul ar sodi umcal cium (Na-Ca) rel ationships, the addition of
calciumto non-ionic



25contrast nedia reduces the negative inotropic effects. The key question
t hough i s how nuch cal ci um shoul d be added to prevent the increase of the
negat i ve woabriapyis7 The addition of 19 mM NaCl and 0.3 nmCCaBi@oes3sndi Xxanol
320 ng I/ L in the Visipaque fornulation was considered optinmal in order to

mnim t he physi ol ogi cal di sturbances such, as VF_.and . .increased negative
ot r op HSTRES SRR (N GBI CIBPPHRbH SR forBlitcy et WaRTE of
CaCl2 t@mposme Methlas RN AL B39 A N NAGDH. WBF RNEACITRAC L I@RS Bchrenles
formulation (F1) with 0.1 nM CaCl2 induced significantly |ower SAP and LVP
t han t ¢ vewtigwlhatibrotatign(heobiguieM a@adiablq F8) detailg). 7 mvi caCl2 (F5)
respectively. The fornul ation of Conpound I with 0.3 mM CaCl2 caused | ower
SAP than the fornmulation with WO 2011/ 051387PCT/ EP2010/ 066351 0.7 niV CaCl12.
It 6ol ke ddnaiariag dhdngs@al fedrb Md tepsdifferchivtudien b afkcad®th thc fRYudeyrer act

t he negative inotropy causcoed by gddi ng sodi um However, there is a critical
bal ance&cpiciaefbabaionrem § e Wounvpopkservad iV isiepet Havevee Sverattiths of

sodi um |.¢] I QNG [ - - ' § VF and
F educed BER. B U RO Al AR (ohpdlR 1R EEERS Ponilfal ffion,
decr easlths nmjacdffdicate 6ot ICGaaitpouad 1 ame éormiiktsd With 4émMdfNadtin kids stadyt er act ed
by additi.on. of -igns, The fqrmulation of Coppo |, contaj.ning.45 nM
NaCl aritleh  stniiessedy higkey t,%_a%aﬁ_é%#?lSER?qB%(lt%E%e‘ng‘?%hrﬂ?I gD s e |
di qnoty LRUSEinA Y ¥R BB MR @H) S R&Idigh ibDSHCRYatlR R AE oF aftf§l7 10 F3
formul ati ons. However the henodynamc eftfects of the F5 fornulation of
ConpoumaM} thehowes/esignifierre redpetidn trosystodis ertofial irssispadbaP) sl laftoahizicular

concentratj.on bet F3 and F5,is preferr hus,..in articul ar

oot or reablie B A A SRt N s pRond (raent e Srb ol E b ) nacr
and 0. Indidd i@é‘t@ﬂﬁ}ﬂu&&iﬂ@ﬁleiﬂ&ﬁ Qﬁ%m@i@ﬁha} ﬂbﬁl@at@hﬁ@fﬂe%n@@ﬁﬁﬁ&n ef this
conposi tion of Conpound I was shown in a separate study. In this study the

car di owadivm ehorefef while calfiugorgs aumgnificany clicat onppelic geriof pussushamdelctt and 0. 5
M, caCl2 S sessed at t d vels .in vi .1 ngan e r.ciRe
A S e R e A R
when t higcetwitsi donpdsitias ofdempdsidarcedtaitivg 4 HhenM MNaCavethaisSaddod CaCl,
intra-arterial route. The study is 20further described in Exanple 3.

Gener alresplted B redueipncp etV Sistd e seeondp agtguigicctign éneansir-sdiameblyi t v

reacti %?méll cd 'tbgﬁﬁ%te} Pé&at@%ﬁﬂé@d@foﬁ OF)E}%I'] oA of &r@lﬁo\{lﬁﬂqlcoﬁ%ﬁl 3 &

exposure. €se reactions are nain OoNn-seri ous I'n eruptiors such as
macul afNaGhaad DGpapLCaC], ardhtaintd E&ISPan lairkeanner sipllaotosVisipeqia @88 angdidd- 25

i nquced del ayed adverse reactions (DAl uch as skin eruptions. appear to
be Bay<ud Ty GauTeid Kied Jopbe e e amp e LbesiloEe SEFENG  he
cont r aggpdigidbeat tiRY Qhicf Blcahe vBNEh SHBSQRAUANbH ¥vQy 68&3h ol R0 lifEL@TIRE O Y
reaction in the skin. The applicant has evaluated an in vitro'T cell

prol i f Srragd) dntwasdebpoasnagelg @ 7tto SPsewinds aftdreéhe ghrhbf ingectipe (hesdoyited ¢nly whi ch

contrast nedi as Conpound | A ause |l ate skin reactiops . .in

ot | enclaggspFtnsd ok AperdEl dP sl dbrbit Seadute Bubeehrag A

i odi xan@iC1aRdhd a{ﬁﬂmhionvaftdfbnﬁmmmﬁe@%ﬁ@ml Al 1aﬁﬁesian§rkie@atﬁ@a&‘feic@rb$h and the
new contrast medium Conpound |, was screened (2 and 5 ng I/nL) for in

vi 2P0 £ \ed! in manrier sinxtar éhVistpagppsFurthpsppes, 8 added phetradytep psernt ibtenucl ear

cells fr 0 S I epr { i -DR.{r ci/es.
posi ¢ 1 VLLRoR boARRE B pF BETRERM APS b it BER Bt i EHIBET VY Lo
accor dicogphed prith lophratiioptaichdak so addbdsdlédmolyaty. Orhd anetamtsvaaldugtos(drakd ti ve
response 1.9). In vitro toxicity was tested by measuring cell viability of
the fi rlctrolytesshsticdsaippravadedre tablg taf Wkample@8t contrast media (5 mg I/ nl).
The results were that all major HLA -DR all otypes were represented with a
frequency equivalent to the world popul ation. No 5contrast nedia tested
appéar dd atstndga¥ enoac repahinyegfiohs @Pméctt Sonl/see) leftwicatichilat yystdlenpensma washad

fewer positive T cel roliferati danor . sanpl es conpar.ed wi th iodi xanol
and i o@%‘[ﬁ{nﬁg aﬁ%pﬁn{ar Po t%at observed ?oqlow?ng ﬁlnger actate ang%mpaque
administration when Compound I in a composition with 45 mM NaCl and 0.5 mM CaCl, was
injected selectively to the LAD of normal pigs. In contrast lopamidol injection, which

contains no added electrolytes, induced a significant reduction in LVSP (Example 2¢).



concentrations. For iodixanol and iohexol, T cell proliferation responses

for nost donors occurred on days 7 and 8; statistical significance favored
a reducedwpnolidsessat i on response to Conpound | on day 8PCirmEre@nobassi ons t he
nodel successfully established the relative 10frequency w th which contrast

di d trg T. cel| at Th | at ed
Fepor t daFratEdeyERol s bR P arn s fa e aCeamertd! nedi o
and i depkisthigg ta Rlinee Laéta@qu@ NGYipd Qe iPHTPRYPCE [a mw&t fRedakd 8f ﬁ}ﬁt@%%)ﬂdl cate
t hat Conpound | has the | owest capacity for stinul aU&%al n vitro T 15cell

prolifdt atcp@ﬁdqr@rh@at ‘élé pugseicei andirxanef the nk@cir@lm@ﬁ Sodiug anth€alebme (Fdequent
associ ak lthoe orrnula ns of& dlongé | gn(f 9{]&'[11{%151% stu ed, Ay hidh Eurefc!lg %Ir N9 he%a/(lia
non-i oni ¢ cdr mer &8s el y Peat e OIS Ao dORS REt S at e cel |

proki f e)mhtmdn[powtioh@fkmgehQaaat@anaxﬁeanter@ﬁlal ﬂdﬂd;(@dmﬂlbut@d tol d@@eslort he same
extent as the nononer iohexol, is of considerable interest. Because it is
now kndwmnieraice pf gapiac Sinstion spmparss “mhdb@qfplé%wmﬂaopaémdoldaieaﬂ@ug@é@t that a

di mer i %oﬁfakg%tolﬁdﬁe&)&%_ﬂ?&i@s BYe IRGurd dd dyﬁﬁ{; ofctﬁyél%gt‘g?l e?ﬁ%e%o%ﬁ&ﬂ%elncy of T

cell prolifteration structural erence oun and
i odi xanaile b of ERanpl2 2hcet yl groups in iodi xanol have been repl aced by 2
for nyl groups in Conmpound I. This nodification has an effect on the

nol ecul e's |inker structure, conformation, and physi cochen cal behavi our,
and S UnRLissiing o bGaRAY BehE u?s%nﬁoﬁ &%Bn@éﬁ%h Bythfe‘?ﬁve'ﬁhbﬁ'%lﬁf)ﬂl%g alsBdihi ro T
cell proliferation than i1 odi xanol and i ohexol . Hence, a diagnostic
conposicoinpnuatprovdingp swlitrh erf ¢gansentegipe of 42-df7 nMeandheven mian picderellyect ed to

redi o SotAm0n crpioRaTY (kb el VS R oHRRTY BRI Crpound |

can be ppyvepared as outlined in WO 2009/ 008734. A general procedure is 30
outlined on pages 16-20, and a specific nmethod for preparation is provided
in Exanple 1 of WO 2009/008734. The WO 2009/ 008734 application, withits
desgri Ss, | L9 er e

r e]jgr eﬁ% é/gt an&he? 6191%@(? %eﬁt ofgtfle Rlv?gt?onatth g?sm LOuN ?rfg%? (1:n %Rtlcpn co%ﬁd)ergsteg XC hi r al
car bon calcan® Coﬂlprﬁﬂqubhdﬁhg chhmrﬁwmmnaaltﬁﬁhn bf 0.3-k& el\endd dve@A®EE SM due to
the restricted rotation of the N-CO bond in the for function caused by
the prd%§ ﬁliab&y ofal¢ina ggnegatiptien pkd. étoo-‘rm%él%n@ﬁaﬁ@ﬁe@%f 3 eI i90r e Sproduct s
as wel I, as. 1;‘%1% €55 afvoptical isomers are included. The diagnostic
corrp05|t| on o e’invention is in a ready to use concentration. CGenerally
corrp05|t| ons in aready to use formw Il have iodine concentrations of at

I/ m r ef er abl at least 150 I/m.,. with concentrati ons of
ﬁeai[{l ﬂéggspﬁ@t }hﬁm&ﬂo %etaeelzs TR 191) sppeariragiaft Apd G EBY PR GONRRE M gnost i ¢
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carriers or excipients. Exanples of such are Ethyl enedi am netetraacetic
aci d ( BD%Anommutcfierabgy bopaeax§metdnllls)andinnast pesféralble bePRICERS amh@5di agnosti ¢
conposition of the invention is preferably for use as an X-ray contrast
media 15 in X-ray diagnoses or X-ray imaging. The conposition may be

adm ni gh @reshndSsech dhdimvemtiBGrd\BeOd diByndshé UShpesitidiédni@ising he conposi tion
may be adm ni st er ed by intravascul ar, intravenous or intra-arteri al

adrPni gtaogmoupd LAl t ernatively, the conposition may al so be adninistered
orally. 20 In a third aspect, the invention provides the use of a Conpound
I OHOH

o o
o | Y OH Y |
NVbN
HoﬁAN N“OH
H H
OH OH
| |

HOMN o o NﬁAOH
H H

OH OH

Compound I

30  a pharmaceutically acceptable carrier;



Compound | for the manufacture of a diagnostic conmposition for use in
X-ray diagnosis, wherein the 25conposition conprises a pharnaceutically
accept ablwocarwisessy and di ssol ved therein a sodi um conpedmapPand/oes36al ci um
conmpound providing a sodiumion concentration of 40-50 mM and a cal ciumion
concentrgtio qj 0.1-0.7,,.nM WD 2011/ 051387PCT/ EP201 /066%%} ﬁn yet

anot he A 4BaAYed PREFT AP SATPPBYT B4 2 STRTHEUBIUNG MishioR 18 BWfpr i si ng
adm ni HeRidelJodiufh 08 0OSdchFatt ATl idH cdnliéntiaiy B N bR edr Partd BB ANPTs

ani mal body, exam ning the body with a diagnostic device and conpiling data
from t ecfesellyi 49ailhisris to mirtdréhgqreeeitdytefconscagniowisof vifang dictatayorapesdtiaye
preadm ni stered with the diagnostic conposition. 5 In yet another aspect,
the invention provides a nmethod of in vivo i mgi ng detection conprising the
f ol owThg ssdii@psconpoudd ahdihgtcalciung cémpRineicifald &nspositiontiayobe prio@iddd agihest i c
conposition_of the invention; ii) allowng the adm nistered conposition to
di st ri Beeof sedfpiijo, Hercontrongdssinglnds Bhysiflegieadlynplorabde eanirs ions. ¢-gotelackd

distri 0Sd L ' [ ' ' t he
ocat i ouE g RETRAR e LWHRENFhARR AR IRAG, [ERAEREMALLER fle T nod
of X-r agdiumaginguad s dodivan phlefiés arelthe rdlodimempooihd idhcadciamphbdridet he net hod
of detection is a nethod of coronary arteriography, and nore preferably

15t he di agnostic conposition is admnistered as a bolus injection to the

COVI@”aFMegaﬁ]whﬁﬁdc%&icahﬁ? Y& tBNOLNGL i?%&é&feoué Reutiddy gfbtfér%ly RLAVLELRS 2a

conposi ti of the i1hvention for use in x-ray 1 mging of diagnosis, such as
in coronary arteriography. 20Brief description of the draw ngs: Figure 1

depi ct .conmparison.of the.distributjion qf radioactivity in male and

f emal e SAPLELP o Debipr oridel dopslaration st dene oo e NF el
Conpoungle believe frhg ldﬂﬁn% 40e@i i Ssoldign fons caapeyfeRblyVENThM SUCao Tokipblhdl i on
caused by injection of Mannitol, 25 Mannitol + added sodium and cal ci um

| odi xarpsings-itigkaser todhe noymsd PacpnecTiitmhepRehigationg baruiodzgnolBat AmMaRen/.r om Cha
LIS TR CCS SR Bieh D FRRUSRR! R G B i pEf [feaklion caused by
i njéection of’ co OSIti OfS of gana s conpri si hg PTTer ent
concentpoadntionss fadt sediliml dhaned, eiusdeunte@op@y thd “WolvreHdnkdl] £€ibh poSn Bl

Vi si paque. The injection volunme was 25mL over a period of 62.5 s and the
soIuti&ﬁ@mﬁéWéo%B$@é¥m9éP?mﬁhjected into the LAD. Figure 4 depicts the
viscosity of Conpound I at 20C and 37 C versus concentration. WO

2011/ 051387PCT/ EP2010/ 066351 Figure 5 depicts the effect of Conpound |

(wi th ®nehivastihoestigatibohe dhaGaghosmahdi ld paguellamdudSR46dium (10-3eamotlk) for om t he

SLYL ofLalection Lo, the, LAD of notiele pge, ot sed b senger Lacate
fol | owiBgrddthRala FovRivetQuiibs SRR MAt the addition of more sodium to contrast
media can also increase the negative inotropy, as indicted by reduced systolic arterial
pressure/left ventricular systolic pressure (SAP/LVP). To maintain normal extracellular and
intracellular sodium-calcium (Na-Ca) relationships, the addition of calcium to non-ionic
25  contrast media reduces the negative inotropic effects. The key question though is how much
calcium should be added to prevent the increase of the negative inotropy. The addition of 19
mM NaCl and 0.3 mM CaCl; to iodixanol 320 mg I/mL in the Visipaque formulation was
considered optimal in order to minimize the physiological disturbances such as VF and
increased negative inotropy during coronary angiography.
30
In our studies, the benefit of CaCl, to Compound I containing 45 mM NaCl was confirmed
(Table 3). A formulation (F1) with 0.1 mM CacCl, induced significantly lower SAP and LVP
than the formulation with 0.3 mM CaCl, (F3) or 0.7 mM CacCl, (F5) respectively. The
formulation of Compound I with 0.3 mM CacCl, caused lower SAP than the formulation with



of Ringer Lactate, Conpound |, Visipaque or |opamdol to the LAD of normnal
pigs. WD 2011/051387PCT/ EP2010/ 066351 Exanpl es: Exanple 1. Physi ochem cal
properti esQ 2atwse3sstoxi city and biodi stribution data for pCompeanmed3st 5

Protein bindingi The binding of Conpound Ito human serum al bunin (HSA) was

determ i brlumd al ysi s thod A stock solutio

Compounfi ™ Eab B bRl ford B s r il mesge Y SR SR wi ¢

ci trat eepHRRMInGtAS Fuddd by dddtgQo@fuml: 9. Equilibration 10 was carried out in
a Diachem D anorm Di al ysér agai nst an aqueous phosphate buffered saline
using a Diachem 10. 17 MNcut of f 10000 nenbrane and was carried out for 25
hours. ;Anal SI S of th t| Qns. Was rfor usi ng ap h.CP- AES i nstrunent.
S Skl PR BR "R BB st BB BRIt ' Cr v ot e
hunman mbﬁédﬂi&aﬁ@istﬂﬂs@mamt a‘mdewsswrﬂ td heHiortib €o el mbdin iduereiiad tHeatk cdbiraanded.

The bi nding of Conpound Ito human serum al bum n was 15 determ ned to be
very | @oglucgs advensezfivgts o gpntrastiigiorsee Addimgitee Brueh pediemaleeicases aryocprdial

bst d t:
oo xangrriic ERACARIANS RSt AnertGel BIGHGTGRCs IS PRty o
As a nmEaswnpfoandf, ctoln&mhy@lnﬁ)pMINaﬂlhyd 0f7 ravh@ain F 1), afipeerspabt theitest coef f i CI ent
bet wee octanol and wat.er was deterpi ned. .Wate 5 m) co e test
subst a %)“031 '??ﬁ?‘%ﬁe)‘t ‘éﬁgé‘o"s‘??é‘&%ﬁlwgﬁn‘%laﬁﬁtalﬁe%@ %?HH}O)tﬁ?Hi’ ané@%??%cr. um had
begp otrtsafbﬂﬁaau&ﬂe HRAUEOLRRBRDE, AR SHBAL BF G FYOGRNLAGT S Srand

anal yzed by HPLC (HP 1100 equi pped wth a D scovery C18 colum, 100 x 2.1
mm u3|hn§,yew detcaxuildn thxise 24 ¥ inpagandsoz dall@uwn@bn@:n&aMH pitweer EdendiFs & HPLC

2500nd|t| re used, .8% cet nitrile e .oc noI phase
(12.5 rPFS ds S R fi éfred(aalb%ln?ﬁ Oé‘ézﬂPPgﬂ’P”&Yﬁ 88 been

obt ai n@@n@ﬁgestmgg@pam.gmm@zt ed by centri fugatl on. The aqueous phase
was anal yzed by HPLC using the conditions detail ed above. Both octanol and
wat er were pre-saturated with water and octanol, respectively, before the
pantition effici X h h|| ' f 12 30 as
det ér mﬁlled&? rouy a%p mt?ag ?natrr?%%t boggl\lﬁggn%g s?ano flééton WA Wa”%ﬁgwgofl ¥hat
ConpouRrdpdrate stu\dger ¥n hlymaxghnhb icardwivhbcudar lc@fgBls of Cothpdtnd s ascodpopiioh®dAs5 t he

correspondla&g P of iodixanol was deternmined to -4.02. The reported
it er atyeN |8@€1 i SV CaBle Watssented s duee $RAarQISH INVETL ) apfcets PRk |

conpar [

2011/ o?ﬁoé%g ﬁ%%%?%é%%g %B &%gg%éeg %r‘ﬁg&%f@?%:ﬁo%%‘?“%‘%&%d | was

det er rricnmq}ositiom was adrhinéstend viaghpetat erroas an@ hti@-andabrouc. did stiyae di f f er ent
entrations 46, 295 and 313 ngl/m . The test solutions were isotonic 5
ugf L?ﬁ%‘ﬁ@ﬁ@“b?xat%egsml ality with NaCl and had been sterilized by

aut ocl avation. The density of the solutions was determ ned using a Density

neter, DMA58 (Anton Paar). A calibrated U tube techni que was used, where

the tine of fall was used as a neasure of dynam c viscosity. The viscosity

of comuuaBehlly, \WamatdaicehtdshBddAtmBPcdas@net Bibekseditiviby Ractiink ilesi8Béptible

concentrations. The results are showm in Fig. 4. In conparison with

Vi si pacﬁ’@@em% firemilohaxr de savicra) days dtzo cxipspied Therd roavtions aye siamly apn-seiidiind 24

P I
i 1 er G SOHSE ety B By TRE R0y AR LU RER Bhabe™ o
pressu n@dlmsmﬁﬂeyalradfvél@mééaﬁdm (D¥Rs) wach assskéh eriipetonk appea kabd &ausaf byconmpound |

shows a relatiognship with the concentration which is close to |linear.
contrast media-reactive T cells that, upon recognizing the contrast media, proliferate and

subsequently orchestrate an inflammatory reaction in the skin. The applicant has evaluated an
in vitro T cell proliferation model designed to predict the relative frequency with which
contrast media, such as Compound I, will cause late skin reactions in patients post-

30  intravascular administration. Two contrast media, iodixanol and iohexol, with known rates of
delayed skin reactions, and the new contrast medium, Compound I, was screened (2 and
5 mg I/mL) for in vitro T cell proliferation in CD25 -depleted peripheral blood mononuclear

cells from 100 donors representing world population HLA-DR frequencies. Positive T cell



The osnolality of Conpound | at 320 ngl/ml is |lower than that of iodixanol,
136 mOsm kg vs 210 nOsm kg at 320 ngl/m . Acute toxicity: 20 Young adult
mal e Sca:w8D2oats1383canbur, Sweden), wei ghing 200 20 g, paemP20m0j0ecssed
intravenously at a rate of 1.2 m/mn with either Cbnpound I (340 ngl/ .,

286 | / k d 28 t trol
i T SFoPPBIS MRSS R Rgh et P g oSO Ay T i ATt R a2
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post - treatnent nmpound | and i ddi xanol were doséd at 8
gl / kg, dBﬁomnmpmmﬂbawg with testtcahtraky sediaa(Sunge Fmdf). ?l&résulﬁgweieﬂmdamﬁla@orm / kg,

d 25, 3 d 40 t wh f d
The oA RO RS Feresf el R f&etucnt SR R (e 1 Pa Rprilntor Ror e
were 4 dpssit ﬁfe@i&ﬁ@stecgﬁﬂé%ﬂ% ha\%r&jmbﬁﬁlﬁgfﬁl”&fec{ dedl abbikg). Conpduadl hae and

mannitol (40 nL/kg). I'n all cases, each group included ani mals. 30 The
f ol | owifengerenpaitiyafli @Hsorv\leﬁe@tmdenwm@smh@pwdwth letiixm‘l@lailnd sﬁlgﬁgl at fyothy

wei ght s an%nggqu nquh%§ \ &1§%¥ ap ﬁ 25%'1 chen1§tr or gﬁgs 0, 2 and
7, and “GPELLeEEeF VaP gAY olagd ok gfﬁ PENGRIST 6rBYBRY °6g|°é Yani nati on
of ti S pdegrdd sHddyh g a8 lsmhﬁstieall digdfilhcexoess 4 RUnEdeIolUBEratioh e@RpbhRlto
i njection on days 2 or 7. The day of dosing was defined as Day 0. dinica
b| ocherfiostnopng on day & &n eauglusiops thy moghsuccessfulhgrstabiihed the relatiiol est er ol |

01 t. | e),
ot 81 BT T R PRI ALRTh SLPET s glon, (e P LEFBEEL o
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differenti VE C, V\B% C ra Hgb, PLT, HCT, MCH, MCHC, M2V, MPV
and RD\?@W@#‘@ ?l‘éi?r%&eﬂﬁy ARBW L Col | -Dyn 3500 CS aut onat ed
haemat ol ogy 5anal yzer. Ki dneys fron1sa|ine control and the 12.8 gl/kg
Compound | and i odi xanol groups were imrerse fixed in 10% neutral buffered
formalin, processed into paraffin wax, sectioned at a nom nal thickness of
5 [tm Tkabng hwehnduaﬁéra{a@whipeu@dlﬁhmﬁé RwaBia ?%@i{y f@@@hrhma{m Btvitro T
m Ccrosco y 10 The data were anal ysed bx paranetri ¢ one-way ANOVA, foll owed
by 1Bunell pr@lfqzr@tswn mr@neé@djwéhtl@hzanomgmdvg exed. Givgaihe raong frﬁqd@l}t@smmﬁlne gr oups
for co d n i.odi x. I groups.
The st a%{% i 4| ca V&éﬁr[lla g?nsft%\%t/a@&gla’p u‘ij ﬁ& dm%%ﬁat %f ?ﬁgsfié ?rn%?c%[gpd% ﬁt%i and day 7.
15Bi odiigdikidolitib&Mmot sthfilaRaTRell pirotif@abidit zn(v?tro hekdiEe exdtentds iddixaddl, #8 hour s)
3 animals of each sex were anaesthetized with isoflurane. Each study ani mal
recei vaerdesdithy semeicstrat oy HRIMPNAPISF ibickalt BIof copidesatp deresthBeqappasit 15 vect i on
was a f [
A L G T
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appr oxi mat el sec e radjoactjve [1231 ound. | st ltem (-1
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opposi g, h@lyy \Qefo?mylzé}b FRRI AR nal ! Bne fholiTR 8P EN anQlrfcb A @acti vity
adm ni stered to be adjusted according to the dissection tinmepoint (study

day 1, mdlewuld} linkdrhoutctuss, gmnfbnn?etwml yndaphiysicoetgntibe belbadurcdrehniugaisingge  of
Compou n. 25net.a or,.the

ol | o6 RIBHouP i h UG TrAds du R tne e PHb T OBl PR LD SR i § on
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i sof | urane and sacrificed by cervical dislocation. Selected organs and

t i ssuesxpestesbla, cakseofﬁwyrslatemyaa@@nmta‘m gaqtioas thaaﬁgmmeir%lrlsed@@m%émedl@rml | and

| ar ge '”éeaﬂgﬁﬁrmaﬁth<ﬂw§3@a<iV%Y Agﬂiﬁ and faeces) were renoved,

al ong w S as I’nj ection site. The 30anount
of radioactivity in selected organs tlssues and excreta was then assayed
using an automatic twin crystal gamma counter and anal ysis system WO

2011/ 0%10%70%% I %@9&19!68&9@&; adoutlined in WO 2009/008734. A general procedure is

30  outlined on pages 16-20, and a specific method for preparation is provided in Example 1 of
WO 2009/008734. The WO 2009/008734 application, with its description of a process for

preparation is hereby incorporated by reference.
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Acute toxicity results: There were no adverse clinical signs in rats
treated with saline or mannitol, whereas in those treated with Conpound I
and i odi xaoab11/0%138d t o noder at e depressi on and uncoor di rar@E®20mwessent s and
weakness/inactivity was seen, as well as oedema and erythema of the
S5extrem ties. These effects began 10-20 mn after the first adm nistration
and |asted 2-3 h, but without a clear dose-response. Anal yses of the

haemat @gpouand nsabl cRisE A scGBaMssibdc @R duBe SftaBarbbRhtohReneadiRion, MR
toxicologically significant adverse effects in any of the groups. In the

Ki dney§onmh@ndmihmblt8reéatenémson@rlaw@lem Aigirpsiactog radateopt Sphadri @ b@a@ m)ﬂhat i on

of the 10 oxi, mal and o rul at atj.on of
o @R ER TR col bl 98 prRiib o BE AR bom. BB MRl ¥ o

vacsgol @Meﬁi@tsvs@&/eglrasam@furcbsrbﬂdpnsﬁ i@nves atedalél¥@gdol conpar ed to Conpound |. By
Day 7, the severity of vacuol ati on was sonmewhat | ess conpared to Day 2 in
both groups, as was the Bowran's space dilatation and the presence of

pr ot ei y phol i cal
Fi i nga e pd Oph ot & ASh o SHER B TR Ao R RERY Doce
(gl/ kg)coi?iposqtlmesl in Bubadyeto Mae forha il o vk eddind ghﬁceﬂ(raﬂ]nﬁs/&if ariegt @0omelmhlys:
Bowman’ prefelgggl at lRclast fS%t ?/rnLl }tﬁcg hc;[entﬁtgoqg%f atdlre]gy 300 mg I/ml, e.g. 320 mg I/ml

10  being preferred. The diagnostic composition preferably further includes pharmaceutically

acceptable carriers or excipients. Examples of such are Ethylenediaminetetraacetic acid

(EDTA) and tris(hydroxymethyl)amino methane (TRIS).

The diagnostic composition of the invention is preferably for use as an X-ray contrast media
15  in X-ray diagnoses or X-ray imaging. The composition may be administered as a bolus

injection or by infusion. Further, the composition may be administered by intravascular,

intravenous or intra-arterial administration. Alternatively, the composition may also be

administered orally.

20 Ina third aspect, the invention provides the use of a Compound 1
O

H H_ _O
o | Y OH Y |
NVbN
HoﬁAN N“OH
H H
OH OH
| |

HOMN o o NﬁAOH
H H

OH OH

Compound I

for the manufacture of a diagnostic composition for use in x-ray diagnosis, wherein the
25  composition comprises
a pharmaceutically acceptable carrier;
and dissolved therein a sodium compound and a calcium compound providing a sodium ion

concentration of 40-50 mM and a calcium ion concentration of 0.1-0.7 mM.

11
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In yet another aspect, the invention provides a method of diagnosis comprising administering
a diagnostic composition of the invention to a human or animal body, examining the body
with a diagnostic device and compiling data from the examination. In the method of diagnosis

the body may also be preadministered with the diagnostic composition.

In yet another aspect, the invention provides a method of in vivo imaging detection
comprising the following steps;
1) administering a detectable quantity of the diagnostic composition of the invention;
i) allowing the administered composition to distribute;
1i1) detecting signals emitted by the compound I of the distributed composition,

v) generating an image representative of the location and/or amount of said signal.

The method of imaging is a method of X-ray imaging and in a preferred embodiment of this
aspect, the method of detection is a method of coronary arteriography, and more preferably

the diagnostic composition is administered as a bolus injection to the coronary arteries.

In yet another aspect, the invention provides a composition of the invention for use in x-ray

imaging or diagnosis, such as in coronary arteriography.

Brief description of the drawings:
Figure 1 depicts a comparison of the distribution of radioactivity in male and female Wistar

rats at 48 hours post-administration of ['*’I] labeled Compound I.

Figure 2 depicts the frequency of ventricular fibrillation caused by injection of Mannitol,
Mannitol + added sodium and calcium, lodixanol + Mannitol, Visipaque™ and Ringer

solution. Data taken from Chai et al.

Figure 3 depicts the frequency of ventricular fibrillation caused by injection of compositions
of Compound I, comprising different concentrations of calcium chloride, compared with
injections of Visipaque. The injection volume was 25ml over a period of 62.5 s and the

solutions were selectively injected into the LAD.

Figure 4 depicts the viscosity of Compound I at 20°C and 37 °C versus concentration.

12



0,0,0,00,0,0,0 Conmpound 3,3,3,3 3,4,3,3 P,P,QP 0000, P POQP,
0,0,0,0, 5821 12,8 3,3,3,83 3,3,3,3 0,0,0,PP0,P,00,0,0,PPO,PDO
WO 2011/051387 PCT/EP2010/066351

Figure 5 depicts the effect of Compound I (with and without added Ca) and Visipaque on
LVSP 45 to 70 seconds from the start of injection to the LAD of normal pigs normalised to
Ringer Lacate (LR) injection.

5 Figure 6 depicts the effect on cardiovascular parameters following injection of 40 ml (5ml/sec)

of Ringer Lactate, Compound I, Visipaque or Iopamidol to the LAD of normal pigs.
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Examples:

Example 1. Physiochemical properties, acute toxicity and biodistribution data for

Compound 1.

Protein binding:

The binding of Compound I to human serum albumin (HSA) was determined using an
equilibrium dialysis method. A stock solution of Compound I (5.0 mg/ml in phosphate
buffered saline (PBS)) was mixed with citrate:human plasma in a ratio of 1:9. Equilibration
was carried out in a Diachem Dianorm Dialyser against an aqueous phosphate buffered saline
using a Diachem 10.17 MW cutoff 10000 membrane and was carried out for 25 hours.
Analysis of the solutions was performed using an ICP-AES instrument. In addition, spiked
PBS solutions were also equilibrated against citrated human plasma solutions to ensure that
the equilibrium had been obtained. The binding of Compound I to human serum albumin was
determined to be very low, 3.1 £ 1.3 %, confirming the negligible interaction of the substance
with endogenous proteins. As a reference, the binding of iodixanol to HSA was determined to

0.4+0.9%.

Partition coefficient.

As a measure of the hydrophilicity of Compound I, the partition coefficient between octanol
and water was determined. Water (5 ml) containing the test substance (0.3 mg/ml) was shaken
with 15 ml n-octanol until equilibrium had been obtained. The aqueous phase was separated
by centrifugation and analyzed by HPLC (HP1100 equipped with a Discovery C18 column,
100 x 2.1 mm) using UV detection at 244 nm and a flow of 0.3 ml/min. Isocratic HPLC
conditions were used, 8% acetonitrile in water (v/v). The octanol phase (12.5 ml) was
extracted with water (0.75 ml) until equilibrium had been obtained and the phases were
separated by centrifugation. The aqueous phase was analyzed by HPLC using the conditions
detailed above. Both octanol and water were pre-saturated with water and octanol,
respectively, before the partition coefficient experiments. The hydrophilicity of Compound I,
as determined through the partition between octanol and water, showed that Compound 1 is
very hydrophilic with a logP of -4.28. As a comparison, the corresponding logP of iodixanol
was determined to -4.02. The reported literature value is -4.05. The increased hydrophilicity

of Compound I compared to iodixanol is confirmed by its HPLC behavior.

14
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Viscosity.

The viscosity of Compound I was determined at two different temperatures, 20 °C and 37 °C
and three different concentrations, 246, 295 and 313 mgl/ml. The test solutions were isotonic
through adjustment of the osmolality with NaCl and had been sterilized by autoclavation. The
density of the solutions was determined using a Density meter, DMAS8 (Anton Paar). A
calibrated U-tube technique was used, where the time of fall was used as a measure of
dynamic viscosity. The viscosity of compound I was determined at 20 °C and 37 °C at three
different concentrations. The results are shown in Fig. 4. In comparison with Visipaque, the

viscosity at 320 mgl/ml and 20 °C is similar, around 24 mPas.

Osmolality:

The osmolality of Compound I was determined at four different concentrations, 204, 254, 310
and 324 mgl/ml. A Vapro 5520 vapour pressure osmometer from Vapro Inc. was used. The
osmolality of Compound I shows a relationship with the concentration which is close to linear.
The osmolality of Compound I at 320 mgl/ml is lower than that of iodixanol, 136 mOsm/kg

vs 210 mOsm/kg at 320 mgl/ml.

Acute toxicity:
Young adult male Sca:SD rats (Scanbur, Sweden), weighing 200 20 g, were injected

intravenously at a rate of 1.2 ml/min with either Compound I (340 mgl/mL, 286 mosmol/kg),
iodixanol (321 mgl/mL, 284 mosmol/kg), osmotic control mannitol (283 mosmol/kg), or
saline (290 mosmol/kg), administered as 2 separate doses 4 hours apart. For the interim kill
animals (day 2 post-treatment), Compound I and iodixanol were dosed at 8, 10 and 12.8 gl/kg,
corresponding to total dose volumes of 23.7, 29.7 and 38.0 ml/kg, and 25, 31.3 and 40 ml/kg,
respectively, whereas for mannitol and saline, the dose volume was 40 ml/kg. For the 7 day
terminal kill animals, there were 4 dose groups; Compound I and iodixanol (12.8 gl/kg), and

saline and mannitol (40 mL/kg). In all cases, each group included 8 animals.

The following evaluations were made during the study; clinical signs, body weights and blood
for haematology and clinical chemistry on days 0, 2 and 7, and gross observations, organ
weight and histomorphological examination of tissues from the animals killed by excess
intravenous thiopental injection on days 2 or 7. The day of dosing was defined as Day 0.

Clinical biochemistry parameters (Na , K, CL, POy, Ca, AST, ALT, ALP, cholesterol,

15
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creatinine, CK, GGT, TG (triglyceride), total bilirubin , total protein, urea, albumin, LDH and
GLDH were measured on a Beckman Synchron CX5 at 37 °C. Haematology parameters
(WBC, differential WBC, RBC, WBC/RBC ratio, Hgb, PLT, HCT, MCH, MCHC, MCV,
MPV and RDW) were analyzed with an Abbott Cell-Dyn 3500 CS automated haematology

5 analyzer. Kidneys from saline control and the 12.8 gl/kg Compound I and iodixanol groups
were immerse fixed in 10% neutral buffered formalin, processed into paraffin wax, sectioned
at a nominal thickness of 5 um, stained with haematoxylin and cosin and examined by light

microscopy.

10  The data were analysed by parametric one-way ANOVA, followed by Dunnett’s post
procedure test, using the 2 days and 7 days saline groups for comparison with the 2 days and
7 days iodixanol and Compound I groups. The statistical analysis was applied on day -1

(baseline), day 2 and day 7.

15  Biodistribution:

For each time point (2, 20 mins, 1, 2, 4, 24, 48 hours) 3 animals of each sex were
anaesthetized with isoflurane. Each study animal received 2 injections within approximately
20 seconds. The first injection was a formulation of Compound I (non-radioactive) at
~320 mgl/ml, administered to give a total chemical dose of ~1.6 gl/kg via a specific tail vein

20 (left or right). As soon as possible afterwards (within approximately 20 seconds) the
radioactive ['*’1] Compound I Test Item (~1 to ~8 MBg, up to 350 ug) was injected as an
intravenous bolus to the opposite tail vein. This approach allowed the amount of radioactivity
administered to be adjusted according to the dissection timepoint (study day 1, 2 or 3) without
significantly altering the total chemical dose of Compound I. Animals were then placed in

25  metabolism cages for the collection of urine and faeces until the appropriate time post-
injection of labeled Compound I. At this time, animals were again anaesthetized with
isoflurane and sacrificed by cervical dislocation. Selected organs and tissues (blood, kidneys,
bladder and urine, lung, liver, stomach, small and large intestine, heart, testes, ovaries, uterus
and faeces) were removed, along with the tail, which was assayed as the injection site. The

30  amount of radioactivity in selected organs, tissues and excreta was then assayed using an

automatic twin crystal gamma counter and analysis system.
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Conpound | retained in the body following the initial, rapid excretion

phase. There was no retention of radigactivity in the reproductive organs.
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t hese experinments was 20 ml at an injection rate of 2.0 m/m nute. 25Si nce

in the study by Chai et al. intracoronary injectign.of 20m, {4H(Eanol

( formul ated as Proximal Tubule Bowman’s Space Proteinaceous
Vacuolation Dilatation Material
No Day of Dose Left Right Left Right Left Right

Group rats  Necropsy Test Item (gl/kg) Kidney Kidney Kidney Kidney Kidney Kidney
0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0

1 8 2 Saline - 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0
Compound 3,333 3,433 P,P,0,P, 0,0,0,0, P,P,0,P, 0,0,0,0,

5 8 2 I 12,8 3,333 3,333 0,0,0,P P,0,P,0 0,0,0,P P,0,P,0
4,4,4,4, 4,4,4,4, P,P,0,0, P,pP.P,P, P,P,0,0, P,pP.P,P,

8 8 2 Todixanol 12,8 4,444 4,444 P,0,p,P P,p.PP P,0,p,P P,pP.P,0O
0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0

9 8 7 Saline - 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0
Compound 33,22, 33,22, 0,0,P,P, 0,P,0,0, 0,0,P,P, 0,P,0,0,

10 8 7 I 12,8 2,233 3,233 0,0,p,0 0,0,0,P 0,0,p,0 0,0,0,P
33,22, 33,22, 0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,0,

11 8 7 Todixanol 12,8 3333 3333 P,0,0,0 0,0,P,0 P,0,0,0 0,0,P,0
Key to findings: 0 = Not present; P = Present; 1 = minimal; 2 = mild; 3 = moderate; 4 = marked; 5 = severe.

Biodistribution results:

'21] labeled Compound I was rapidly excreted with

Following intravenous administration [

>80% of injected dose (id) present in the bladder and urine 2 hours post-injection. Levels in

blood decreased from 21% id at 2 minutes post-injection to 0.6% id 2 hours post-injection.
25  There was a small but significant amount of excretion via the faccal route, which appeared

slightly higher in female animals (14.3% id in the facces) compared with male animals (8.2%
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retained in the body following the initial, rapid excretion phase. There was no retention of
radioactivity in the reproductive organs. Overall, the biodistribution profile of labeled

Compound I was similar to other dimeric iodinated contrast agents.

10

Example 2. Comparison studies

2a) Comparison of cardiotoxicity of Visipaque'™' and diagnostic compositions of
Compound I in a pig LAD occlusion model

15  Reference is made to the study by Chai et al. (Acad. Radiol. 2004, 11, 583-593) where it was
shown that a formulation of Iodixanol containing 19 mM NaCl and 0.3 mM CacCl, exhibits a
lower frequency of ventricular fibrillation than lodixanol alone. The study was carried out in
pigs where the medium was injected directly into the left coronary artery (LCA) which had
been previously occluded. It is clear from Figure 2 that a formulation of lodixanol containing

20 19 mM NaCl and 0.3 mM CaCl, exhibits a lower frequency of ventricular fibrillation than
Iodixanol alone (P<0.01). In this case, no occurrence of ventricular fibrillation was observed
on injection of Visipaque™™. The dose given in these experiments was 20 ml at an injection

rate of 2.0 ml/minute.

25  Since in the study by Chai et al. intracoronary injection of 20ml iodixanol (formulated as
Visipaque) was carried out over a 40-s injection time and no instances of VF occurred, we
performed a study in which the injection volume was increased to 25ml over a period of 62.5
s to increase the instances of VF for comparison purposes. In addition, the test and reference
solutions were selectively injected into the left anterior descending coronary artery (LAD) in

30  order to further increase the sensitivity of the model. The physical and chemical properties of

the test solutions are provided in table 2 and results are presented in Figure 3.
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320 45 0.7 1odi xanol + NaCl+ CaCl2 (Visipaque) 320 19 0.3 5 At this high

i njection volune, even VisipaqueTM exhi bited a significant frequency of
ventri culwo 2bitmsidsrati on, 100 % (Fi gure 3). However, ®POT@EPR01906¢351 se, the
new X-ray contrast agent Conpound |, when fornulated with 10 45 nM NaCl and
0.1-0.7 nmM CaCl2, showed no occurrences of ventricular fibrillation (See
Figure 3 and Table 3 for details). When conparing the results fromthe two
different studies, an increase in the frequency of ventricular fibrillation
from0%to 100%is observed with VisipagqueTM However, even at the 15high
dose, thabldi2nBhysecakandaghcpuenl prepert@smpbagheplutiang a di agnosti ¢ conposition
exhibits no ventricular fibrillation. The major difference is that Conpound
| has been formulated with 45 nM NaCl, which is significantly higher than
that of Visipaque (19 mM. Although no signifijgaite ef f eClecivdlytgeen in VF,
with calciumion concentration between 0.1 and 0.7 nMon VF, there was a
significant reduction in SAP and LVP when |edestgpionm wadnMesent (Tabl e

aiter start oFUH i on. o6 of pro-inection AN E B8 VSl pague SAP
-18% 11 -9% FA: Tompound I + NaCl + CaCl, 320 45 0.1

F3: Compound I + NaCl + CaCl, 320 45 0.3

F5: Compound I + NaCl + CaCl, 320 45 0.7

Todixanol + NaCl + CaCl, (Visipaque) 320 19 0.3

At this high injection volume, even Visipaque' ™ exhibited a significant frequency of

ventricular fibrillation, 100 % (Figure 3).

However, to our surprise, the new X-ray contrast agent Compound I, when formulated with
10 45 mM NaCl and 0.1-0.7 mM CaCl,, showed no occurrences of ventricular fibrillation (See
Figure 3 and Table 3 for details).

When comparing the results from the two different studies, an increase in the frequency of
ventricular fibrillation from 0% to 100% is observed with Visipaque™. However, even at the
15  high dose, the dimeric X-ray contrast Compound I in a diagnostic composition exhibits no
ventricular fibrillation. The major difference is that Compound I has been formulated with 45
mM NaCl, which is significantly higher than that of Visipaque (19 mM). Although no
significant effect was seen in VF, with calcium ion concentration between 0.1 and 0.7 mM on
VF, there was a significant reduction in SAP and LVP when less calcium was present (Table

20 3).
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-4% 6.1tl1 -5% 4.5t LVP -16 % 10 -7% 8* -3 7t -4% 5-r dP/dt nax +10%
27 +31% 38 +34% 29 +21% 10.8 HR -1% 1.0 0% 0.8 -2% 3.0 0% 3.5 5SAP:
syst ol i ¢ woteriyash3spr essure (mm Hg) LVP: | eft ventri cul aPCIEpe@biocs3pr essur e
(mm Hg) dP/dt max: maximumrate of LV pressure generation (mmHg/s) HR
heart rate (beats/mn) *P<0.05 vs FI. 10 tP<0.01 vs Fl. 1P<0.05 vs F3.
P<0.01 vs F3.

Table 3. Hemodynamic changes at 50 s after start of injection, % of pre-injection value

F1 F3 F5 Visipaque
SAP -18% £ 11 -9% £ 7.2% 4% £ 6.17% -5% £ 4.57§
LVP -16 %+ 10 -7% + 8% S3£T7F -4% £ 5%
dP/dt +21% =
+10% =27 +31% =+ 38 +34% £+ 29
max 10.8
HR -1% =+ 1.0 0% 0.8 2%+ 3.0 0%+ 3.5

5  SAP: systolic arterial pressure (mm Hg)

LVP: left ventricular systolic pressure (mm Hg)
dP/dt max: maximum rate of LV pressure generation (mm Hg/s)
HR: heart rate (beats/min)
*P<0.05 vs F1.

10  TP<0.01 vs F1.
$P<0.05 vs F3.
§P<0.01 vs F3.

These data indicate that the major factor influencing the frequency of ventricular fibrillation is
15  the concentration of sodium chloride, while calcium has a significant effect on systolic arterial

pressure and left ventricular systolic pressure.

2b: Comparison of Compound I in compositions with and without added CaCl, with
Visipaque and Iopamidol

20  The haemodynamic effects of compositions of Compound I with and without added CaCl,
were compared to Visipaque and lopamidol following selective administration to the LAD in
normal pigs without balloon occlusion. The effects of each contrast media were normalised
to any effects seen with an equivalent injection of Ringer Lactate solution, which acted as a
volume and electrolyte — “ratio” control. There were a total of 12 pigs in this study, and each

25  pigreceived a single CM injected 3 times at volumes of 10 ml (4 ml/sec), 20 ml (1 ml/sec)
and 25 ml (0.4 ml/sec) (total of 9 CM injections in each pig). Each CM was cither preceded

or followed by a control injection of Ringer Lactate, and the order of each injection (volume)

20



These data indicate that the major factor influencing the frequency of
ventricular fibrillation is 15the concentration of sodiumchloride, while
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ventricul ar systolic pressure. 2b: Conparison of Conpound | in conpositions
with and vvirtgpout adde CaC?TI_% wi4th \Asit{ﬁa ue and (Iio am dol .20 The . .
haermody SO Sag Pigo ABRISiHRTB RIS EBiopRE ABd F4HRP Phsadym and fYGdded

CaCl2 welcBoRR¥RAEEd to Vi sipaque and |opanidol follow ng selective

adm nistration to the LAD in normal pigs wthout balloon occlusion. The
effects of each contrast nedia were normalised to any effects seen with an
equi valrlea&)tle*.nj ection of Ringer Lactate solution, which acted as a vol une
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(vol ume)Na N\ 20117 @5 1387TPCT/ EPZ010/ 066851 was random sed i n eacly pl g. Jable
4 provides the anmounts and ratios of sodium and calciumelectrolytes used.
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associated with a reduction in LVSP between 45 and 70 seconds after injection (mean of —5.7
mm Hg normalised to Ringer Lactate) whereas Compound I in a composition with added
CaCl, and Visipaque had little or no effect (-0.3 and +0.1 mm Hg normalised to Ringer

10  Lactate respectively) (Figure 5). The decrease in LVSP observed with the composition of
Compound I without added CaCl, was significantly different to that with added CaCl,, which
was not significantly different to Visipaque. In addition, a corresponding response to
Iopamidol injection could not be analysed since VF was observed in each case between
approximately 27 and 50 seconds after the start of the 25 ml injection. These results indicate

15  that the presence of 0.5 mM CaCl, in the composition of Compound I is beneficial and limits
any negative effects on LVSP in a manner similar to Visipaque. In addition, the additional
electrolytes present in the diagnostic composition of Compound I and Visipaque may lower

the propensity for induction of VF compared with lopamidol which has no added electrolytes.

20 2c¢: Comparison of a composition of Compound I with Visipaque, Iopamidol and Ringer

Lactate in normal pigs with a fast injection rate

In a further study the haemodynamic effects of Compound I in a composition with 45 mM
NaCl and 0.5 mM CaCl, was compared to Visipaque and lopamidol following selective

25  administration to the LAD of normal pigs with a fast injection rate (5 ml/sec). Ringer Lactate
was also studied as a volume and electrolyte “ratio” control. In total 3 pigs were studied, and
cach CM was administered twice to each pig in random order. The injection rate used was 5
ml/sec with a total injection volume of 40 ml. Table 5 provides the amounts and ratios of

sodium and calcium electrolytes used.
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45 130 140 (135-145) Ca 0.3 - 0.5 3 1.2 (1.2-1.3) Na/Ca 63 - 90 43 117 5
At an injection volune of 25 m Conpound I in a conposition w thout added
CaCl2 waswezsoaisadsed with a reduction in LVSP bet ween 4FCame2d0/0s&6DNdS
after injection (nmean of-5.7 mmHg nornmalised to Ringer Lactate) whereas
Conpound | in a conposition with added CaCl2 and Visipaque had little or no
effect (-0.3 and +0.1 mm Hg nornalised to Ringer 10 Lactate respectively)
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VF was| obsetrved| in @ach cpase bstween approxinately 27 andi.b0.sexonds after
t he startNagfCat he 25681 injecti%n. These resdlts indicate 15 1ihat the
presence of 0.5 nM CaCl2 in the conposition of Conpound | is beneficial and
limts any negative effects on LVSP in a manner simlar to Visipaque. In
addltlon the additional electrolytes present in the dlagnostlc conposition
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(up to ~30% these results indicate that following ]fast }nj ection ?nto the LADW% norrnal pigs

Compound I in a composition with 45 mM NaCl and 0.5 mM CaCl, had minimal effects on
haemodynamic parameters similar to Visipaque or physiological Ringers solution. It is
considered that the presence of electrolytes in the formulations of Compound I and Visipaque
15  studied, which are more similar to the balanced composition of Ringer Lactate and the
interstitial fluid, contributed to a superior maintenance of cardiac function compared with that

following Iopamidol injection, which contains no added electrolytes.

Example 3. Intravenous and intra-arterial safety of diagnostic composition of

20 Compound I
The intravenous (i.v) and intra-arterial (i.a.) safety of a composition of Compound I was
shown in a separate study (ref. B145095). In this study the cardiovascular effects of
Compound I in a composition with 45 mM NaCl and 0.5 mM CaCl, was assessed at three

dose levels in vivo in an acute porcine model.

Methods: The composition was administered either intra-arterially or intravenously into
groups of three animals at one of three dose levels (1-fold, 2-fold or 3-fold the standard
volume of 2ml/kg). Each animal also received an equivalent volume of Ringer-Lactate
solution as a volume control. CV effects: heart rate (HR), pulse oximetry, electrocardiogram

30  (ECG), aortic pressure (systolic, diastolic and mean), left ventricular end diastolic pressure
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m/sec with a total injection volunme of 40 m. Table 5 provides the anmounts
and ratios of sodiumand calciumelectrolytes used. WO

2011/ 0513806RCT/(ERB010/ 066351 Tabl e 5: El ectrol ytes Vi si paguEe20ivoasspound |
mM Ri nger Lactate mMor (Ratio) Human Interstitial Fluid mMor (Ratio) Na

19 45 ](EQEH%’? \Qe]ir:e)’SaséLe%sSe?d ?ﬁtrasoung / ecﬁocar&ograp y Jfo agsess st%ake VOI?H%G gjection

fraction and cardiac contractility were also evaluated.

Results: Evaluation of the preliminary data summary suggests that there were no important
5  dose or route-related effects of Compound I on HR, pulse oximetry and ECG in the porcine

heart. Pulse oximetry analysis showed oxygen saturation remained at approximately 98%
throughout dosing. HR also remained within normal ranges. There were no Compound I-
related rhythm disturbances: QT interval was within the normal range regardless of i.a. or i.v.
dosing of Compound 1. Similarly, little or no effect of Compound I was observed on aortic

10  pressure (systolic, diastolic and mean) over the entire dose range. The changes in aortic
pressure appeared similar whether Compound I was administered by the i.v. or i.a. route.
There were slight increases in LVEDP with increasing doses of Compound I, the effect was
similar whether Compound I was administered via i.v. or i.a. routes. In addition, increases in
LVEDP were similar in magnitude to those seen following the administration of increasing

15  volumes of Ringer-Lactate. Analysis of stroke volume, ejection fraction and cardiac
contractility by echocardiography showed only a slight change in end diastolic volume (EDV),

confirming any effects were volume related and not specific to Compound I administration.

Hence, there were no overall changes to myocardial performance when Compound 1 was
20  administered via the i.a. or i.v. route. The minor changes in CV function parameters were
attributed to the volume administered and not the test item Compound I, because similar
effects were seen upon injection with Ringer Lactate solution. All myocardial parameters
were within the normal ranges after intravenous or intraarterial administration of Compound I

up to 3-fold the standard dose volume of 2ml/kg.
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43 117 5 Wil st Conpound | and Visipaque injection did not induce changes
in LVSP or dP/dt from baseline that were significantly different from

Ri nger Lawoava/@dsrni stration, |opam dol induced a signiPCirEeatiodesssease and
increase in LVSP and dP/dt val ues respectively (Figure 6). LVSP was reduced
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admi ni SPPRPTUHPISY KA el coprent e standard dose vol ume of
2mL/ kg.

8. A diagnostic composition as claimed in claim 1 wherein the ratio between sodium ion

30  concentration and calcium ion concentration is between 63 and 117.
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Clainms: 1. A diagnostic conposition conprising a Conpound | a

phar maceutically acceptable carrier; and dissolved therein a sodium
conpound woaoa/sads¢i um conpound provi ding a sodi um i on eomEPRe0ALE36N Of
40-50 mM and a cal ciumion concentration of 0.1-0.7 nmM 10 2. A diagnostic
conposition as clained in claim1 conprising a sodi um conpound providing a
sodiumion concentration of 42-47 nmM 3. A diagnostic conposition as
clainmed in Qiahgh%UGQHH@bﬁh&@aﬁm&%ﬁi gim conpound 15 providing a sodiumion
concentration o 4. A diagnostic conposition as clainmed in claim
1 conpricoimpgued Eodi um conpound provi di ng sodi umion concentration of 45 nM
20 5. A diagnostic conposition as clained in any of claiml1l to 4 conprising
a cal cium conpound providing a calciumion concentration of 0.3-0.6 MM 6. A
di agnostic conppsi;P Hag," imed,in any of clainms 1 to 4 conprising a

cal ci um conpouno fﬂil/» cal cium concentration of 0.4-0.5 MM 25 7. A
di agnog®i c [colpos on ‘as cl d m%kéﬁgibf claims 1 to 4 conprising a

cal ci um cofipound v di ng |un1éﬁncentration of 0.5 MM 8. A
di agnosti c conposition as clai inclaiml wherein the ratio between
sodlun1|oﬁméﬁgggdenﬁratlon and ﬂé?dfﬁﬁ*lon concentration is between 63 and

117° WD 2011P051387PCT/ EP2010/ 066381 9. A di agnosti ¢ conposition conpri si ng
a conpound | Cymwagd1! a pharmaceutically acceptable carrier;

a pharmaceutically acceptable carrier;
and dissolved therein a sodium compound and a calcium compound wherein the ratio

10  between sodium ion concentration and calcium ion concentration is between 40 and 45.

10. A diagnostic composition as claimed in any of claims 1 to 9 wherein the sodium
compound and calcium compound are salts comprising counter ions selected from the group
of chloride, sulphate, phosphate and hydrogen carbonate.

15
11. A diagnostic composition as claimed in claim 10 wherein the sodium compound is

sodium chloride and the calcium compound is calcium chloride.

12. A diagnostic composition as claimed in any of claims 1 to 11 further comprising

20 EDTA and/or TRIS.

13. A method of diagnosis comprising administering a diagnostic composition as claimed
in any of claims 1 to 12 to a human or animal body, examining the body with a diagnostic

device and compiling data from the examination.

14. A method of in vivo imaging detection comprising the following steps;
1) administering a detectable quantity of the diagnostic composition as claimed in any of
claims 1 to 12;
i1) allowing the administered composition to distribute;

30 iii) detecting signals emitted by the Compound I of the distributed composition,
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and di ssol ved therein a sodi um conpound and a cal ci um conpound wherein the
ratio 10 between sodiumion concentration and calciumion concentration is
bet ween 4A902nti/04538710. A di agnosti c conposition as cl ai medTiEP2@0y6ass1 cl ai ns
1 to 9 wherein the sodi um conpound and cal ci um conpound are salts

conprisi.ng counter i.ons selected fr he .group of chloride, sul phate,
ohosphatia) SHIPHYH BGBHEE Bpporieeve Jane ffidy dioy it oL HpIgit bn as
claimed in claim210 wherein the sodi um conpound is sodiumchloride and the
cal ci um conpound is cal cium chl ori de. 12. A di agnostic conposition as
cl ai nedSi n ahpetfodas glamped intdaim 14 wherhiarthe oephodss agep@dribraranag/ or TRI S.

13. A g%;pgqaqg di agnosi s conprising adm nistering a diagnostic conposition
as cl ai’red %npdhy of clainse 1 to 12 to a human or ani mal body, exam ning

t hesbody with a diagnostic device and conpiling data fromthe exam nati on.
25 14. A nethod of in vivo imaging detection conprising the follow ng
steps; 16i) a?dﬁﬁaan@%léﬂpwgowmb@seg@lawﬁén guant ¢laipnsf tot IRorN w98 182y

conposi tj |.aks i: fveclains: 1 to 12; ii) allowing the
admi ni s?%’{ét?%éﬂ%g%ﬁgsu f}odﬁ%ngg%ﬁogt%?dﬁ@@oi ii) detecting signals enmitted by

the Conpound | of the distributed conmposition, iv) generating an inage
representative of the |ocation and/or amount of said signal. 15. A nethod
as clainmed in claim 14 wherein the nmethod is a nethod of coronary
arygriography. 16. A diagnostic conposition as clainmed in any of clains 1
to 12 for use as an X-ray contrast nedia in X-ray diagnoses or X-ray

i magi ng.
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