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ABSTRACT

Continued Interestin the use of iodine-123-1abeledfattyacidsfor myocardial Imagingresults

from observationsfrom a varietyof studiesthat inmany types of cardiacdisease,regionalfattyacid

myocardial uptake patterns are often differentthan regional distributionof flow tracers. These

differences may reflectalterationsin importantparameters of metabolismwhich can be useful for

patient managementor therapeuticstrategydecisionmaking. In addition,useof iodine-123-labeled

fatty acid distribution may represent a unique metabolic probe to relate some aspects of the

metabolismof thesesubstrateswiththe regionalviabilityof cardiac tissue. The use of suchviability

markerscould provide importantprognosticinformationon myocardialsalvage,helpingto identify

patientsfor revascularizationorangioplasty.Clinicalstudiesare currentlyinprogresswiththe iodine-

123-labeled15-(p-iodophenyl)-3-R,S-methylpentadecanoicacid(BMIPP)fattyacidanalogueatseveral

institutions.The goalsof thispaper are to discussdevelopmentof theconceptof metabolictrapping

of fattyacids,to brieflyreviewdevelopmentandevaluationofvariousradioiodinatedmethyl-branched

fatty acids and to discuss recent patient studies with iodine-123 (BM_PP)using single photon

emission computerizedtomography(SPECT).

INTRODUCTION

The high incidence of coronary heart disease (CAD), cardiomyopathies and other cardiac

diseases requires the availability of effective and readily available diagnostic tools. The development

of thallium-201 and other perfusion tracers for single photon and positron applications represents

an important achievement in nuclear cardiology. More recently, the significant success in developing

perfusion tracers radiolabeled with technetium-99m has made these diagnostic agents available on

a 24 hour basis. Although the availability of perfusion tracers is important, the high false positive

findings with thallium-201and technetium-99m"$estamibi"(MIBI) In the Identificationof threatened,
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viablemyocardium,requlrestheavailabllltyofcomplementarymarkersforidentifyingand more

accuratelyassessingthepresenceofsalvageabletlssue.

As earlyas1965,thepotentialofuslnglodlne-123-1abeledfattyacidsforcardiacimaglngwas

firstdemonstratedinhuman studieswithiodlne-131-1abeled"lodooleicacid".I Althoughbeyondthe

scope fordetaileddiscussioninthispaper,thereare reportsof severalattemptsto develop

technetium-99m-labeledfattyacidsforcardiacimaging.Technetium-99mobviouslywouldbe the

bestcandidateforradiolabelingfattyacidsforSPECT froma coststandpointand becauseof24hour

availabilityfroma_Mo/_l'c generator.Work reportedthusfarhasdemonstratedthattherelatively

complex and largechelatinggroupsrequiredforattachmentofthisradioisotopetofattyacid

analogues,however,resultintheformationofmoleculeswhichareevidentlynotrecognizedasfatty

acidsand thushaveverylowmyocardialextraction,lodine-123appearstobe theradioisotopeof

choice,andforthisreasonresearchintheSPECT areahasfocussedon thedevelopmentofiodine-

123-1abeledmethyl-branchedfattyacids.Althoughtheavailabilityand costsofhighpurityiodine-123

havebeen discussedformany years,onlywithinthelastfewyearshave a varietyofnew improved

iodine-123-1abeledagentsbecome availableforroutineuse.These agentscannotbe radiolabeled

withtechnetium-99mbecauseoftheissuesdiscussedabove. Highpurityiodine-123isroutinely

availablebycyclotronproductionbythe12_Xe(p,n)1_lroute,forexample,and thecostsareevidently

decreasingaswideravailabilityincreases.

Since the earlywork by Evans and co-workers,many investigatorshave made important

contributionsintheevolutionofiodine-123-1abeledfattyacids.The developmentofstructurally-

modifiedf_t_/acids-became ofinterestbecauseoftherelativ6_ylongacquisitionperiodsrequired

forSPECT. The significanttimerequiredby earlygenerationsingle-ordual-headSPECT systems

fordataacquisition(e.g.15-30minutes)requiresminimalredistributionduringtheacquisitionperiod

toensureaccurateevaluationoftheregionalfattyaclddlstributionpatternafterre-construction.



4

Extensive research has thus focussed on the evaluation of structuralmodificationswhich can be

introducedinto the fatty acid chain and would not interfere with myocardialextraction,but would

inhibitthe subsequentI_-oxldativecatabolismwhich normallyresultsin rapidmyocardialclearance.

An important requirementis, of course, that any structuralchangesIntroducedintothese"modified"

fatty acids willbe compatiblewith myocyte recognitionof the analoguesand subsequentextraction

of the analoguesfollowingintravenous administration. Severalrecent publicationshave reviewed

the developmentand use of radioiodinatedfattyacids, and includethe Proceedingsof the First= and

Second3Workshopon Radiolabeled Free Fatty Acids and a recenttext.4

THE DEVELOPMENT OF STRUCTURALLY-MODIFIEDFATTYACIDS

The increased myocardial retention required for SPECT imaging, especiallywith the early

camera systems, resulted in the development of the concept of "metabolic trapping" of fatty acids

resulting in their concentrating in the myocardium as a means of overcoming rapid myocardial

washout. Early work at the Oak Ridge National Laboratory (ORNL) focussed on the synthesis and

screening of unique fatty acid analogues in which the divalent tellurium heteroatom (Te) was

introducedintothe fattyacidchain (Figure 1). These studiesrepresentedthe firstdemonstrationthat

such a drasticmodificationcould be made without interferingwiththe myocardialextractionof these

fatty acids,r'e Incorporationof the radioactivetellurium-123mheteroatomintothe fattyacid chainwas

the firstapproachto the developmentof a modified fatty acid inwhicha structuralperturbationwas

introducedto inhilsitor interfere with B-oxidation,and thus prolongthe myocardialresidence time

of the radiolabeledagent followingflow-dependentmyocardialextraction,s The firstsuchanalogue

investigated was 9-[lZ_'re]-telluraheptadecanoic acid (9-THDA).s'7 Subsequently, a number of

tellurium-123m-labeledanaloguesweresynthesized,andthisstrategyresultedina dramaticalteration
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of the myocardial clearance kineticsas was demonstratedin smalllaboratoryanimals and canine

models. 5'7'u These studies demonstrated that the modified fatty acids were extracted similar to

natural fatty acids, and as expected, the total chain length was Important._ In addition, extraction

of 9-THDA was shown to be _w-dependent, as demonstrated in an open-chest canine model.=

InsertFigure 1 Here J
i
I

Tellurium-123m is reactor-produced,and the long 119 day half-lifeand low specificactivity

(apprx. 1 mCi/mg l_l'e at 2 x 10 is neutrons/cm2/sec)are unfavorableproperties,indicatingtheneed

for an alternativestrategy. In order to use the concept of "trapping"of Te fatty acids in conjunction

with the advantageous propertiesof iodine-123 (Figure 1), the conceptof "metabolictrapping"was

further extendedto thesynthesisand evaluationof "bifunctionalized"analogues. Intheseanalogues

the non-radioactive tellurium heteroatom was inserted within the fatty acid chain to increase

myocardial retention, and the radioiodine was then stabilized on the fatty acid terminus by

attachmentas a para-iodophenyl groupl_12or a trans vinyl iodide?3"_6Such a strategyworkedweil,

and the radioiodinatedtellurium-substitutedanalogues bshaved in vivo in theexpectedmannerwith

rapid, high myocardial extraction and prolongedretention. Subsequentstructure-activitystudies

clearly demonstrated that both total chain length and position of the heteroatom were important

structuralfeatures affectingmyocardialextractionand clearance kinetics.17'_aThe developmentof

these analogues thus representedan importantfoundation for furtherdevelopmentof the concept

of metabolic blockingusing radioiodinatedfatty acids for cardiacimaging. The telluriumanalogues

easily decompose, however, and care is required in their hand,ing because of the chemical

susceptibilityof telluriumto oxidation.19Theseundesirablepropertieswere expectedto precludetheir

use in humans,and a new approachwasthereforerequiredwhichwouldprovideiodine-123-1abeled
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fatty acids which could be routinely used in the clinic.

The early studies with the tellurium fatty acid analogues were in drastic contrast to the view

generally accepted by many Investigators in the 1970's and early 1980's that the measurement of

myocardial washout of free radioiodide from straight-chain radiolodinated iodoalkyl-substituted fatty

acids was the only way that some aspect of "metabolism" could be measured._ We had developed

the concept of heteroatom insertion in the alkyl chain of the modified fatty acids in order to inhibit

"metabolism" for SPECT imaging. The concept of introduction of a heteroatom within the fatty acid

chain as a means of inhibiting metabolism has now gained acceptance in the PET area, where an

in_eresting new fluorine-18-1abeled fatty acid has been developed in which the divalent sulfur

heteroatom has been inserted within the fatty acid chain_ based on earlier studies with Se-75-

substituded fatty acids.=2

ME'I"HYL-BRANCHINGAS AN APPROACH TO INHIBIT I'}-OXIDATIONAND PROLONG

MYOCARDIALFATTYACID RETENTIONFOR SPECT

The tellurium-substituted fatty acids thus played an important role in demonstrating that rather

unusual structural modifications could be introduced Into the fatty acid chain without decreasing

myocardial targeting and high extraction. Subsequent studies for PET applications demonstrated

that methyl-branching in the I} (3)-position was also successful in significantly delaying the rapid

myocardial clearance of straight chain fatty acids from normoxic myocardium._ This approach was

based on the expected inhibition of B-oxidation by the presence of a methyl group in the B-position

These results are consistent with earlier, unrelated studies which demonstrated that 33-

dimethylphenylmyristic acid was not oxidized by liver homogenates._ The concept of using methyl.

branching was further extended by the preparation of the racemic 3-rnethylheptadecanoic fatty acid
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radiolabeled in the carboxyl group with carbon*l 1.zr''_ The methyl-branched analogue showed

considerablylongermyocardialretentioncomparedwiththe linearheptadecanoicacid straight-chain

analogue, althoughprolongedretentionwould not beexpectedto be soimportantwithPETbecause

of the rapidacquisitioncapabilityof thistechnology. The conceptof Increasingmyocardialretention

by metabolic blockingis important for SPECT, however,because of the relativelylong acquisition

periods required,especiallywith the earlier SPECT cameras.

Insert Figure2 Here

The strategy of metabolic trapping was thus further extended by the preparation of

radioiodinateclB-methyl-branchedfattyacids (Figure2). Developmentofthe15-(p-iodophenyl)-3-R,S-

methylpentadecanoicacidanalogue (BMIPP),_'_ was chosenat ORNLbecausethe linearstructure

of 15-(p-iodophenyl)pentadecanoicacid (IPPA) developedby Machullaand co-workers3° (Figure1)

had an optimalchainlengthfor myocardial extraction. In addition,stabilizationof radioiodidewas

readily accomplishedby attachmgnt to the para-position of the terminalphenyl ring.= In parallel

studies, thegroup attheMassachusettsGeneral Hospital(MGH)synthesizedand evaluateda similar

analogue whichhad one lesscarbon inthealkyl chain,14-(p-iodophenyl)-3-R,S-methyltetradecanoic

acid (BMIPT)._1_=A variety of well-establishedchemicalmethodswhichare easilyadaptedto "kit"

radiolabeling are availablefor para-radioiodination. These include thallation-iodidedisplacement,

copper-assisted iodide exchange with the unlabeled iodinated substrate, and the triazene

decompositionreaction, lt should be pointed out thathigh specificactivityis not required,sincethe

radioiodinated fatty acid analogues are diluted by a large plasmapool of free fatty acids,and are

handled by the myocardiumin an analogous manner. A 3-(R,S)-rnethylanalogue in the terminal

iodovinyl-substitutedseries,19-iodo-3-R,S-methyl-18-octadecenolcacid(Figure2),wasalsoprepared
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and evaluated. This analoguealsoexhibitsprolonged myocardial retentionin comparisonto a linear,

straight-chainanalogue, and is storedbyincorporation into triglycerides._'=_'_rtThe corresponding

3,3-dimethyl analogue (Figure 3), showsincreased myocardial retentionin comparisonwtththe 8-

monomethylanalogue, a differencesimilarto the relativemyocardialretentionof BMIPPandDMIPP

describedearlier._'_ The iodovinylanaloguesarepreparedbyvariousolectrophiliciododometallation

reactions, usually by reactionot *1+ withthe requisitevinyl trialkylstannylsubstrates.

In the iodoakyl-substituted series, one example evaluated is _7-iodo-3-R,S-

methylheptadecanoicacid analogue.== Fagretand colleagues evaluatedthe time-activitycurvesof

the affiux of radioactivityfrom rat heartsperfused by the Langendorfftechnique followingbolus

administrationof radioiodinatedfatty acids into the in-flow. The ¢-R,S-monomethyl-,a,a-dimothyl

and B-R,S-monomethyl- and B,13-dimethylanalogues of 16-iodohexadecanoicacid were also

evaluated=4° These studies demonstratedthat the B-dimethyl analogue exhibited the longest

myocardialretention. Studiesevaluatedtheglobalmyocardialuptakeandclearancekineticsof these

analogues in both mice and dogs, demonstrating that the 16-iodo-3-R,S-methylhexanoicacid

analogue had the longest retentionin comparisonto the other analoguesand was identifiedas a

candidate for human studies.41

To obtain a greater understandingof the effects of methyl-branching on metabolism,more

recent studies have evaluatedthe metabolismof the methyl-branchedanaloguesdiscussedabove

in primaryculturesof isolatedrathepatocyteswhichcomparedthemetabolismof thevarious[I-125]-

labeled analogues with [1-1_C]-palmiticacid.¢_ While ali of the analogues exhibitedsignificant

deiodination,themonomethyl-branchedanaloguesexhibitedgreateresterificationintriglyceridesthan

the corresponding dimethylanalogues. Other studieshave pursued evaluationof the influenceof

the methylgroup in BMIPPon myocardialmetabolisminisolatedLangendorff-perfusedrathearts._
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These studies demonstratedthat cellularaccumulationof radioactivityInvolvesaccumulationof free

BMIPPwiththe minimalIncorporationintothe triglyceridepool. Other studies inrats in vivo_'4Tand

isolatedLangendorff-perfusedrat headshave in contrastdemonstratedincorporationof BMIPPInto

triglyceridestorageproductscorrelatingwiththeobservedmyocardialretention.4T_ lt isunclearwhy

the data of Fagret and Humbert, et al., are in direct contrastto other data which demonstrated

significantincorporationof radioiodinatedBMIPPintothe triglyceridepoolboth in vivo and inisolated

rat hearts.

Insert Figure3 Here

EXAMPLES OF PRECLINICALSTUDIESASSESSINGTHE BIOLOGICALPROPERTIESOF

RADIOIODINATEDBMIPP

A number of animal studies with radioiodinated BMIPP which evaluated the regional

myocardial distributionof this tracer in various cardiac disease models have paved the way for

subsequent human studies (vide infra). One of the most importantearly observations was the

demonstrationof a discordancebetweena flowtracer (thallium-201)and methyl-branchedfattyacid

distributionin the free wall of the leftventricle and septal regionsof heartsfrom rat and hamster

models with hypertrophic and cardiomypathicheart disease._ Anexample of thisdiscordancein

regional myocardial distributionbetween flow and fatty acid metabolic marker distribution, is

illustratedin the autoradiographicstudies (_,RG) shown in Figure 4. In addition, radioiodinated

BMIPP has been more recently shown to be a useful tool to evaluate cocaine-inducedregional

myocardial metabolic changes in hypertensive rats by comparisonof regionalperfusionof thallium-
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201 wlthdifferencesIn2-deoxyglucose(2-DG)and radioiodinatedBMIPP uptake._ Whlleglobal

perfuslonIsIncreasedwithcocaine,2-DG uptakedecreaseswltha concomitantincreaseInBMIPP

uptake.These studiesmay provideinsightintosudden cardlacdeathwhich Isevidentlyoften

encounteredwithhighriskhypertensivecocalneabusers.

Insert Figure4 Here

Inadditionto studieswithradioiodinatedBMIPPandBMIPT agents,a varietyof othermethyl-

branched fatty acids have been reported, in the iodophenylseries another key example is the

geminal3,3-dimethylanalogueof BMIPP,15-(p-iodophenyl)-3,3-dimethylpentadecanoicacid,(DMIPP,

Figure 2).= Since BMIPP exhibitsslow myocardialwashout it was speculated that introductionof

two methylgroupswouldbe expected to completelyinhibitB-oxidation?_s'c_''_e'_ Radioiodinated

DMIPP exhibitssignificantlylongerretentionthanBMIPPinrats (Figure3),_'_ confirmedinisolated

perfused swine hearts,r'=_ and in a canine model in v/vo._ DMIPP is deposited in myocardial

triglyceride lipidstores with a "frozen"distributionpattern with essentiallycomplete retentionfor

several hoursafter administration. Figure 4 shows the time-activitycunles of averaged data from

IHDA, IPPAandDMIPPin normalflowmyocardialbiopsyspecimensafter,simultaneouslyIV injection

in six dogs.el Total myocardialactivityand the fractionalactivityof the aqueousphase (containing

oxidation products), I-phospho-lipids,l-triacylglycerolsand unmetabolized IFA are expressed as

dpm/mg tissue per millicurieinjection dose. The data show that uptake of DMIPP is significantly

lower comparedto IHDA and IPPA. The clearance rate of DMIPP was prolongedwith a halftime

value of 287 minverst_s11.2 min for IHDA and 13.5 min for IPPA. As foundin earlier rat studies,

DMIPP was slowly incorporatedinto triacylglycerols. Furtherstudieswith DMIPP have not been

pursued, apparentlydue to the Interestand successin use of [I-123]-BMIPP. Other examplesof
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methyl-branched Iodophenyl-substitutedanalogues include the racemic 9-methyl analogue of

BMIPPa24=and BMIPT (vide Infra).

Insert Rgure 5 Here

EFFECTS OF STRUCTUREON THE ON MYOCARDIAL KINETICS AND METABOLISMOF

METHYL-BRANCHEDFATTY ACID ANALOGUES

We chose to develop BMIPPas the racemic 3-methyl-branchedanalogue of IPPA, since

studieswith radioiodinatedIPPAhaddemonstratedthat it had an optimalchain lengthand that the

terminalp-iodophenyl moiety did not interferewith myocardial specificity.= A dramaticillustration

of the effects of 3-methyl-branchingon myocardial retentionin rat hearts in vivo is shown in Figure

6. The tetradecanoic acid analogue, 14-(p-iodophenyl)-3-R,S-methyltetratdecanoicacid (BMIPT,

Figure2), was also developed and has a carbon chain with one less carbonthan BMIPP._'_-_

The dramaticunexpected effectswhichan apparentlysimple structuralchangecan have on target

organ specificity was demonstratedby comparative studies which showed that the myocardial

extractionof the 15-carbonchainlengthBMIPPanalogue was muchhigher(2:1)than the 14-carbon

analogue.= and BMIPPhas thereforeevolvedas the agent of choice inthismethyl-branchedseries.

InsertRgure 6 Here

Introductionof the 3-methylgroup in BMIPP was expected on theoreticalgroundsto inh_blt

8-0xidation and essentially resultIn Irreversiblemyocardial retentionas shown in Figure 2 As
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illustratedby in vivo studies (Figure 2) in small laboratoryanimals (Figure 5) and also humans,_m
•

the myocardialwashoutIs considerablydelayedby thisstructuralalteration,althoughwashoutIsstill

observed. Inan attemptto Isolateand chacacterizethechemicalspecieswhich washesout,studies

were Initiatedwith the non-workingLangendorff-perfusedrat heart,which representeda convenient

analytical system to analyze the radioactivitypresent in the outflow tract."5°'61 These studies

demonstratedthat the majorityof the radioactivespeciesin the outflow representedan unidentified
I

polar metabolite (Figure 7). The same metabolitehas more recentlybeen identifiedin the outflow

of the morephysiologicalworking isolatedratheartsystem,_ and inanalysisof plasmasamplesfrom

humansfollowingintravenousadministrationof iodine-123-labeledBMIPP._sr'_r These studieswith

the isolated rat heart system have also demonstratedthat "back diffusion"of the unmetabolized

BMIPPfattyacid substratais a componentof myocardialwashout."_ These resultsare similarwith

the earlier studies which demonstrated that back diffusion was significant in the washout of

radiolabeledpalmitate from ischemic zones in a caninemodel,u

Otherdetailedstudieshave usedhighperformanceliquidchromatography(HPLC)to examine

the affects of structuralmodificationson the incorporationof variousradioiodinatedfatty acidsinto

the complex phospholipids of rat and dog heads. While IPPA is preferentiallyincorporatedinto

lecithin (phosphotidylcholine) in rat hearts, BMIPP is primarily found in the cephalin

(phosphotidylehtanolamine) fraction,ro'T° More recent triple-label studies using thin-layer

chromatographicanalysishave evaluatedthe incorporationof IliA, IPPAand DMIPPintothecomplex

lipidsof dog heads in vk,o,where a biopsypunch techniquewasusedto obtain myocardialsamples.

WhileIHAis primarilyincorporatedintophosphaticlyinositolandphosphatidylcholine,IPPAwasfound

in the phosphatidylcholinefraction and DMIPP exhibited only very low incorporatior"into the

phospholipidfraction._
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Althoughthedimethyl DMIPF :,nalogueexhibitslonger myocardialretentionthanBMIPP(See

Figure 5; Ref. 36 and 71), radioiodinatedBMIPP Is currentlythe agent of choice Inthe Iodophenyl

series, since Its clearance kinetics represent a compromise between having enough time for

evaluation of regional distribution by SPECT, but exhibiting clearance kinetics which can be

measured by successive SPECT acquisitions. Iodine-123-BMIPP may thus offer the first unique

opportunityto construct regionaltime activitycurvesfrom successive SPECTstudies(vide infra).

Severalstudiesevaluated the propertiesof radioiodin_,_.edBMIPPincaninemodels._T4 More

recently, the uptake and clearance of [I-123]-BMIPPhas also been studiedby planar ima0ing in a

canine occlusion-reperfusionmodel._ in thisprotocolsequential gammacamera imagesobtained

followingintravenousadministrationofthallium-201and[I-123]-BMIPPwere evaluated,andtheheads

were also excisedand then imaged• Two dogs served as a control,one group of eightdogs had

a 6 hour occlusionby ligationof the leftanteriordescendingcoronary arterybeforereflow(chronic),

while 2 dogs had a 3 hour occlusion followedby one hour reperfusion(acute). Whileali dogs with

the longer occlusionshowed persistentdefectswith BMIPP and thallium-201,fiveof the dogs (80

%) in the secondgroup witha much shorterocclusionperiodshoweda mismatchof BMIPP/thallium

uptake with greateruptake of BMIPP than thallium-201.

InsertRgure 7 Here

EXAMPLESOF CLINICALAPplICATIONS OF IODINE-123-BMIPP

As discussedby several groups in these "Proceedings', there are currentlyvarious clinical

protocolswhichare being pursued for patientusewith [I-123]-BMIPP. Excellentimagesof the left

ventricularmyocardiumare obtained with SPECTimaging after Injectionwith as low as 3-5 mCi of
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[I-123]-BMIPP. The first clinical studies with [I-123]-BMIPP by Dudczack and co-workerswhich

demonstratedthat this agent exhibitedthe expected prolongedmyocardialretentionand provided

excellent delineationof the myocardiumby planar Imaging._==

SPECT studieshavealsobeen reportedwhich includeevak.,_tionof [I-123]-BMIPPinpatients

with hypertrophic cardiomyopathy.TM In recent studies fourteen patients with left ventricular

hypertrophy were evaluated at rest following administr.ationqf [I-123]-BMIPPand SPECT studies

conducted 20 minutes and 3 hours later. Studies were also conducted in the patientswithinone

week with thallium-201. Quantitativeanalysis of the regionaluptake and clearanceof both BMIPP

and thallium-201demonstratedthattheregionaldistributionof BMIPPwas moreheterogeneousthan

that observedwiththallium-201. Importantrelativedifferencesincludedloweruptakeof BMIPPin the

anteroseptal wall than in the posterolateralwall. Although thallium-201uptake was normal or

increased in theanteroseptalwall, BMIPPexhibited bothdecreaseduptakeand increasedclearance

in these same regions. In contrastto regionswith oniy mildhypertrophy,a generalfindingwas that

thickened wall segments showed lowerBMIPP uptake and fasterclearance.

An evaluationof regionalmyocardialuptake and clearanceof [I-123]-BMIPPinpatientswith

myocardial infarctionhas also recentlybeen reported.Tt This studyprotocolconsistedof SPECT

imaging at rest with [I-123]-BMIPPand thallium-201 in four normalcontrolsand 28 patients with

myocardial infarction. Contrast ventriculographyof each patientalso providedan opportunityto

correlate tracer uptake and washoutwith regional wall motionabnormalities.The SPECT studies

were obtained with each tracer independentlywithin one week of each other. Image analysis

consisted of a four-pointgrading system of the uptake of tracer in seven segments of the left

ventricularmyocardiumwithquantitativeanalysis by generationof time-activitycurvesand creation

and analysisof bull's-eyepolarmaps. An important obser_,atlonfromthesestudieswas decreased

global myocardial uptake of BMIPP in 17/28 patients (61%) and in 49/196 myocardialsegments
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(25%).Thismlsmalchwas observedbetweenBMIPP uptakeand pe_uslontracerdlslrlbulIonmore

oftenInareaswhlchhad sufferedan acutemyocardialInfarctionand areaswhichweresupplledby

revascularizedcompared with nonrevascularizedareas. Most Importantly,lower BMIPPuptakewas

more often observedIn segments which exhibitedwall motionscores lower than perfusionscores

in comparison to segments showing a concordant decrease in both wall motion and perfusion

scores. I
I
I

AnotherapproachcurrentlyusedattheClinicforNuclearMedicinealtheUniversityofBonn,

Germany with[I-123]-BMIPP,utilizesa submaximalexercisetopromoteischemiapriortotracer

administration._ Thisprotocolevolvedfromthe"DualSPECT*approachclevelopedearlierbyKropp

and co-workersforusewith[I-123]-IPPA,inwhichthedistributionofradioiodinatedIPPAintheearly

SPECT (SPECT-I) represents blood flow, and fifteenminutes later a second acquisition(SPECTII)

' is obtained at rest.TM Comparison of the differencesin relativeregional tracer concentrationin

myocardialsegmentsbetweenSPECT-I and SPECTII is definedas "metabolism".TM Forthisanalysis

there is no actual "redistribution"of radioactivitybetween the early and late SPECT's in the usual

sense. In contrast,the more rapid washoutof radioactivityfrom normal,oxygenated segments,is

contrasted in comparison to _ignificantlydelayed washout from ischemic segments. Relative

differences can thus be used to differentiatebetweennormaland ischemic segmentswhichcan be

detected with appropriatetiming of successiveSPECT acquisitions.

A similarprotocolwith [1-123]-BMIPPhasrecentlybeen studiedin a group of 20 patientswho

were also evaluated by coronary angiographyand leftventricularcineventriculography._ Aninitial

SPECT-I acquisitionafter administrationof 5 mCt [I-123]-BMIPPfollowing sub-maximalexercise,

followed by a second acquisition(SPECT-II)3 hours later at rest. SPECT-III is then acquiredat rest

following a secondtracer injectionof 2 mCi of [I-123]-BMIPP. Shortaxis slicesare analyzedbythe

Bull's eye display. In this initialpatient group, 98% of infarctionscould be detected as persistent
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defects. The sensitivityand specificity to detect ischemiawere 89% and 91%, respectively. A total

of 94% of non-infarctedsegments exhibited reducedor absent uptake of BMIPP in SPECTs I and

U and regularlyshowedno major differencesin activitydistribution.These segments had normal

BMIPP uptake afterre-injectionin SPECT III, demonstratingthe attractivepropertiesof BMIPP for

differentiationbetweenirreversiblydamaged andischemic,but stillviable,myocardium.Anexamples

of this protocolin a patientwith a infarctionis shownin Figure8.

insertFigure8 Here

An additional recent example is a study protocol being conductedat the Nuclear Medicine

Department at the Free UniversityHospital in Brussels(VUB), Belgium,involvingadministrationof

[I-123]-BMIPP at restandcomparisonwiththemyocardialdistributionof [Tc-99m]-Sestamibi(MIBI)._

These studiesarealsobeingcomplementedwithtwo-dimensionalechocardiographyand ECG-gated

magnetic resonance imaging (MRI) to provide informationon the evolutionof wall motion during

heart contraction. The goal is to correlate functionalchangeswith changes in tracer distribution

observed in the radionuclidestudies and to determineif such differencescan identifyischemicbut

viable myocardium. In one study, [I-123]-BMIPP (4 mCi) and [Tc-99m]-MIBI (25 mCi) were

administered at a one day interval after overnightfasting. The SPECTresultsfrom 15 patients with

recent myocardialinfarctionwere comparedwithregionalwallmotionobtainedwithgated-MRIat rest

and during low dose dobutamine infusion (10 mcg/kg]min) to identify ischemic but viable

myocardium. Ninesegmentswere defined on apical, mid-ventricularand basal slicesto compare

SPECT and gated-MRIdata. A total of sixtysegmentshad eitherabnormalBMIPPor MIBI uptake

37 of these segments(62 %) exhibitedconcordentBMIPP and MIBIuptake,while23 segments (38

%) exhibited decreasedBMIPP activity relativeto MIBI. The wall motionof these23 seg_nentswyth
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discordant BMIPP and MIBI uptake was normal In 7 segments end Improved with low dose

dobutamlne In 11 segments. On the other hand, only 3 of the 37 segments with concordantly

decreased BMIPP and MIBI uptake showed evidence of residualviabilityon the dobutamineMRI

study. These resultsdemonstratethat comparisonof MIBI SPECT (perfusion)with BMIPPSPECT

is useful in identifyingviable myocardiumafter acute myocardial infarction.

A typical examplefrom this study protocol is shown in Rgure 9, which illustrates[I-123]-

BMIPP and [Tc-99m]-MIBISPECT studies in the same patient witha historyof long term coronary

artery disease. The patient was admitted to the Cardiac Care Unit with an acute myocardial

infarctionof the inferiorwall two weeks prior to the radionuclidestudies. Therapy consistedof

thrombolysiswith intravenousStreptokinase(1.5 millionunits in 30 minutes)followedby Heparin

(30,000 units/day/5days). Analysisof the shortaxisSPECT resultsillustratethat both theextentand

severity of decreased BMIPP activityin the inferiorwall exceed that observed with MIBI. These

resultssuggest the presenceof residualjeopardized myocardiumin theperi-infarctionregionsafter

thrombolysis. AdditionalBMIPP/MIBImismatchingis observed inthe antero-septalregionnearthe

apex.

Insed Figure 9 Here

The resultsof contrastventriculographyand coronary arteriographyobtained in thispatient

two days after the radionuclidestudiesshown in Figure 8 demonstratedmoderate hypokinesisof

the inferiorwall ai_dsuccessfulrecanalizationof the right coronaryartery, with a residualstenosis

of 75%. In these studiesa severe95% stenosisof the mid portionof the left anteriordescending

coronary artery was also found. These results could explain the BMIPP/MIBImismatchingin the

antero septalregionnearthe apexwhichexhibitednormalMIBIuptakeand decreased BMIPPuptake
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(Figure 8). Since the patient had a histo_/of chronicangina pectoris, the chronic attacksIn this

territorymay have inducedsubtleregionalmetabolicchangesreflectedby decreased BMIPPuptake

(and thus decreased fatty acid utilization) which persist longer than the regional blood now

abnormalities.

FUTURE STUDIESWITH IODINE-123 METHYL-BRANCHEDFATTYACIDS
I
i

The issue of myocardialviabilitywillcontinueto be an importantfactor indeterminingpatient

therapy and it would appear that radiolabeled agents such as [I-123]-BMIPP will be requiredto

provide informationwhich cannot be obtainedwith flowtracers. As described earlier,a numberof

studieshave elucidatedvariousaspectsof the metabolicfate and physiologicalfactorsaffectingthe

myocardialuptake, which includetriglyceridestorageand washoutof radioiodinatedBMIPP,¢_'_

altered uptake in diabeticmyocardium,= discordance between blood flow and uptake in lactate

infusion,81the possibilityof tumordetection,_=uptake inadriamycin-inducedcardiomyopathy,= and

theeffects of ATP on BMIPPuptake._ lt is stillunclear,however,how the deficitsin regionalBMIPP

uptake observed in theSPECTcross sectionalimagescorrelatewithsome aspectof aberrationsin

the mechanism of fatty acid uptake or metabolism. Obviously,the detection of only low levelsof

activity in these regions reflectsthe absence of exogenous fatty acid extractionexhibitedby low

BMIPP uptake.

Anaberrationincontractilefunctionin myocardialregionswhichhave lowfattyacidextraction

but adequate perfusiondemonstratedwith flow tracers indicatesthat factorswhich are currently

unknown or not well understoodaffect myocytefatty acid uptake. Studieswith

[1-11C]palmitateindogs haveclearlyshownthat thereis a significantdelay inrecoveryof contractile

function and thus fatty acid uptake in the canine heart followingreperfusionafter coronaryartery
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occlusion.== If fatty acids are not being extracted from the plasma for energy production, either

endogenousmyocardialfatty acid storesare depleted and otherenergystores are being consumed

for maintenanceof viability. Viabilityin the presence of marginalcontractilefunctionwould Indicate

that these segmentsare "hibernating'. Some factorswhich could resultin significantlydecreased

extractionof exogenousfattyacids in viable myocardialregionsmay includealterationsinfattyacid

bindingprotein(s)involvedin the transferof fatty acids,ee'm

In comparisonwith earlier studiesof isc emic myocardium_=myocardialsegments whichare

viable but have decreased contraction would presumably bo expected to concentrate 3-

fluorodeoxglucose(3-FDG). In these regard, approaches includingradioiodinatedfatty aciduptake

and ventricularfunctionstudies in conjunction with studieswith [fluorine-18]-Iabeled-3-FDGwould

evaluate the factorswhich result in deceased fatty extraction in myocardialsegments that have

adequate perfusionbut demonstratesignificantlydecreased contractilefunctionhopefullywillalso

be pursued.

InsertFigureI0 Here

Otherstudieswhichwouldbe expectedto provideadditionalinsightfromthe resultsof animal

modelswouldincludea biochemicaland histologicalanalysisof biopsysegmentsremovedfromthe

myocardial regions which have decreased fatty acid uptake. Since the washout of BMIPP is

considerablydelayedincomparisonto the IPPAstraight-chainanalogue(Figure4), themeasurement

of differencesin washoutbetween normal and ischemic myocardialsegments,for instance, could

be studiedby constructionof regionaltime-activitycurves of normalversusabnormal regionsusing

the new three-headSPECTsystemswhich have a rapidacquisitioncapability.One canthusenvision

an approach similarto the use of [1-'4C]-palmitatestudieswith PET.
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Therefore, continuedanimal studiesin conjunction with ongoing patient studieswould be

expectedto providemodelsfor interpretationand routineclinicaluseof Iodine-123-1abeledfattyacids

and theirrole in evaluatingthe significanceof decreased extractionin regionswithnormalperfusion

and decreased contraction.

ACKNOWLEDGEMENTS

Research at ORNL supportedby the Office of Health and EnvironmentalResearch (OHER), U.S.

Departmentof Energy (DOE), undercontractDE.ACO5-840R21400 withthe MartinMarietta Energy

Systems, Inc. The authors(FFK andJK) also thank the North AtlanticTreatyOrganization(NATO)

CollaborativeResearchGrantsProgram(CRG900966) and the DeutscheForschungsGemei_,_chaft

(Kt 948/1 + 2 -1) for partialsupport(JK)for these studies.

REFERENCES

1. Evans JR, Gunton RW, Baker RG, et al. Use of radioiodinated fattyacids for photoscans of

the heart. Circ Res 16:1-10, 1965

2. Visser FC, Editor,FirstWorkshopon RadiolabelledFree FattyAcids,Free UniversityHospital,

Amsterdam,The Netherlands,July6, 1984; Eur Heart J, Vol. 6, Suppl.B, August 1985,pp 1-

106

3. Visser FC, Editor, Second Workshop on Radiolabelled Free Fatty Acids, Free University

Hospital, Amsterdam,The Netherlands,November 26, 1987; Eur-AmerCommun. Nucl. Med.,

Vol. 21, No. 5, October 1990,pp 201-266



i •

. t
,J

21

4. van der Wall, EE, Editor,NonlnvasiveMeasurementof Cardiac Metabolism, MartinusNijhoff

Publishers, Amsterdam, 1987

5. Knapp JR FF,AmbroseKR,CallahanAP. TeUurium-123m-labeledisosteresof palmitoleicand

oleic acids show high myocardial uptake. In, Proceedings of the Second Internatio,_al

Symposiumon Radiopharmaceuticals,Seattle,WA, USA, March19-23, 1979. Publishedby the

Society of Nuclear Medicine, pp 101-108, 1979

6. Knapp JR FF. Telluriumand seleniumas carbon substitutes. In, Proceedingsof the First

InternationalSymposiumon Radiopharmaceuticals:Structure-ActivityRelationships,Hartford,

CT, USA, March 21-23, 1980. Grune and Stratton,Chapter 16, pp 345-391, 1981a

7. Elmaleh DR, Knapp JR FF, Yasuda, et al. Myocardial imaging with l='_"l'e-9-tellura-

heptadecanoic acid. J Nuc/Med 22:994-999, 1981

8. Blanco JA, Alpert JS, Pape LA, et al. Accumulationof radioiodinated15-(p-iodophenyl)-6-

tellurapentadecanoic acid in necrotic and ischemic myocardium during acute coronary

occlusion and reperfusion.J Amer Coli Cardiol 4:80-87, 1984

z

9. Okada RD, StraussHW, ElmalehDR,et al. Tellurium-labeledfattyacidanalogues:relationship

of heteroatom positionon myocardialkinetics. Eur J Nucl Med 11:156-161, 1985

10. Knaop JR FF, AmbroseKR,CallahanAP, et al. Effects of chain lengthandTe-positionon the

myocardialuptake of Te-123m-labeledfatty acids. J Nucl Med 22:988-993, 1981



• t,

22

11. Goodman MM, Knapp JR FF. Synthesisof 15-(p-lodophenyl).6.tellurapentadecanolcacid:a

new myocardialImaging agent. J Med Chem 47:3004-3006, 1982

12. Goodman MM, Knapp JR FF, Callahan AP, et al. Radioic_dinated15-(p-iodophenyl)-6-

tellurapentadecanoicacid: a new myocardialImagingagent exhibitingprolongedmyocardial

retention.J Nuc/Med 23:904-908, 1982
I

13. KnappJR FF,Kabalka GW, Goodman MM, et al. New myocardialimagingagents:stabilization

of radioiodineas a terminalvinyliodide moietyon telluriumfatty acids.J Med Chem 26:1535-

1537, 1983

14. Knapp, JR FF, Goodman MM, Callahan AP, et al. New myocardial imaging agents:

Stabilizationof radioiodine as a terminalvinyl iodide moiety on telluriumfatty acids.J Med

Chem 26:1293-1300, 1983

15. Knapp JR FF, Srivastava PC, Callahan AP, et al. The effect of tellurium positionon the

myocardialspecificityof radioiodinated 18-iodo-17-octadecenoicacid anaJogues. J Med

Chem 27:803-806, 1984

16. Goodman MM, Knapp JR FF, CallahanAP, et al. Synthesisand biologicalevaluationof 17-

131
[ I]lodo-9-tetluraheptadecanoic acid - a potentialmyocardialimaging agent. J Med Chem

25:613-618, 1982



4

23

17. KnappJR FF, Goodman MM, ElmalehDR, et al. The developmentof radloiodinatedfattyacids

for applicationsIn nuclearcardiology.In, Proceedings of the InternationalSymposiumon the

DevelopingRole of Short-UvedRadionuclidesIn Nucl_,arMedicine Practice,U.S. Department

of Energy, 1982, Office of Scientificand Technical Information,SymposiumSeries 56 (CONF

850623), pp 289-311, 1985

18. Khapp JR FF. Tellurium and Selenium as Carbon Substitutes. In, Proceedings, First

InternationalSymposiumon Radiopharmaceuticals:Structure-ActivityRelationships,Hartford,

CT, US, March 21-23, 1980; Grune and Stratton,Chapter 16, pp. 345-391, 1981

19. KirschG, Goodman MM, KnappJR FF. Organotelluriumcompoundsof biologicalinterest:

uniquepropertiesof the N-chlorosuccinimideoxidationproductof9-telluraheptadecanoicacid.

Organometall 2:357-363, 1983

20. Paras P, Thiessen JW, Editors, Proceedings of the Developing Role of Short-Lived

RadionuclidesinNuclear MedicalPractice,Washington, DC, May 3-5, 1982,Officeof Scientific

and Technical Information,US DOE

21. DeGrado TR. 14-(R,S)-[18F]-Fluoro-6-thla-heptadecanoicacid (FTHA). J Label Cmpds

Radiopharrn XXIX:889-995, 1991



24

22. Knapp JR FF, ButlerTA,AmbrsoeKR, et al. New MyocardialImaging Agents. The Influence

of Chain Length on the Heart Uptake of Se-75-Labeled Fatty Acids. In, Proceedings,

InternationalSymposium on PracticalApplicationsof Nuclearand Radiochemistry;Amertcan

Chemical Society Meeting,Las Vegas, NE, US,August 25-29, 1980; Chapter 28, pp 347-358,

Pergamon Press, New York, 1982

23. Elmaleh DR, Uvni E. Levy S, et al. Comparisonof 11Cand 14C-labeledfatty acidsand their8-

methyl analogs. Inr J Nucl Med Bio/10:181-187, 1983

24. Goodman DS, SteinbergD. Studieson the metabolismof 3,3-dimethylphenylmyristicacid,a

nonoxidizablefatty acid analogue.J Bio/Chem 233:1066-1071, 1958

25. Uvni E, Elmaleh DR, Levy S, et al. Beta-methyl-[1-1_C]heptadecanoicacid: a new myocardial

.metabolic tracer for positronemissiontomography.J Nucl Med 23:169-175, 1982

26. Abendschein DR, Fox KAA,AmbosHD, et al. Metabolismof beta-methyl[1J_C]heptadecanoic

acid in canine myocardium. Nucl Med Bio/14:579-585, 1987

27. Goodman MM, KirschG, KnappJR FF. Synthesisand evaluationof radioiodinatedterminal

p-iodophenyl-substituted¢- andB-methyl-branchedfattyacids. J Nucl Med 27:390-397,1984b

28. Goodman MM, KnappJR FF.Newmyocardialimagingagents:synthesisof 15-(p-iodophenyl)-

3-R,S-methylpentadecanoicacid by decompositionof a piperidinyltriazene precursor.J Org

Chem 49:2322-2325, 1984b



• i

25

29. Knapp JR FF, AmbroseKR, Goodman MM. New radloiodlnatedmethyl-branchedfattyacids

for cardiac Imaging.Eur J Nucl Med 12:8539-8544, 1986

30. MachullaHJ, StoecklinG, KupfernagelCH, et al. Comparativeevaluationof fattyacids labeled

with C-11, CI-34m, Br-77 and 1-123 for metabolic studies of the myocardium: concise

communication. J Nucl Med 19:298-302, 1978 i
1
I

31. Uvni E, ElmalehDR, Barlai-KovachMM, et al. Radioiodinatedbeta-methylphenylfatty acids

as potentialtracersformyocardialimagingand metabolism.In, Proceedingsofthe Workshop

on RadiolabeledFree Fatty Acids, AcademicHospital, Free University,Holland,July 6, 1984;

Fur Heart J 6:85-90, 1985

32. Strauss HW, I.ivniE, BrillB, et al. In vivo studiesof branched-chainfatty acids. In, Regional

MyocardialMetabolismby PositronTomography, Advancesin ClinicalPharmacologySeries,

Vol. III, H.W Heiss,editor;FoundationforAdvancesin ClinicalMedicine,Mahwah,NewJersey,

USA, pp 102-105, 1987

33. Goodman MM, Neff 1<4Ambrose KR, et al. Effectof 3-methyl-branchingon the myocardial

retentionof radioiodinated19-iodo-18-nonadecenoicacid analogues. Nucl Med Bio116:813- '4

819, 1989

._

34. Knapp JR FF, Goodman MM. The designand biologicalproperties of iodine-123-1abeled8-

methyl-branchedfatty acids• In, Proceedingsof the Workshop on RadiolabeledFree Fatty

Acids, AcademicHospital, Free University,Holle.,_d,July 8, 1984; Eur Heart J 6:71-84, 1985



li

26

35. Goodman MM, CallahanAP, Knapp Jr. FF. Design, synthesisand evaluationof _-iodovinyl-

and _-iodoalkyl-substitutedmethyl-branchedfatty acids. J Med Chem 28:807-814, 1985

36. KnappJR FF, Goodman MM, Ambrose KR, et al. The developmentof radioidinated3-methyl-

branched fatty acids for evalua:ionof myocardial disease by singlephoton tomography•In,

i NoninvasiveMeasurementof Cardiac Metabolism, E. E. van der Wall,editor, MartinusNijhoff
I

i Publishers, Amsterdam_pp. 159-202, 1987

37. AmbroseKR, Rice DE, Goodman MM, et al. Effectof 3-methyl-branchingon the metabolism

in ratheartsof radioiodinatediodovinyllong-chainfattyacids.EurJ Nucl Med 13:374-379, 1987

38. Knapp JR FF, Goodm3n MM, Callahan AP, et al. Radioiodinated15-(p-iodophenyl)-3,3-

dimethylpentadecanoicacid:A useful new agent to evaluatemyocardialfatty acid uptake. J

Nucl Med 27:521-531, 1986

39. Fagret D, Bontemps L, Apparu M, et al. Kinetics of iodomethylatedhexadecanoic acid

metabolisminthe rat myocardium:influenceof the numberand positionof methyl radicals./nt

J Nucl Me# Bio/12:363-367, 1985

40. Demaison L, Dubois F, ApparuM, et al. Myocardial metabolismof radioiodinatedmethyl-

branched fatty acids. J Nucl Med 29:1230-1236, 1988

41. Fagret D, WolfJ-E, Pilichowski,st al. Iodomethylatedfattyacidmetabolismin mice and dogs

Eur J Nucl Med 14:624-627, 1988



27

42. Thomas G, Pepln D, LorietteC, et el, Metabolismof methyl-branchedlodo palmiticaclds In

cultures hepatocytes. Eur J Nucl Med 15:367-372, 1989

43. Humbert T, Kerlel C, Bailie D, et al. Influenceof the prssence of a methyl group on the

myocardialmetabolismof 15-(,oaraiodophenyl)-3-methylpentadecanoicacid(IMPPA).Nuc/Med

Bio/17:745-749, 1990

44. Humbert T, Luu-Duc C, Comet M, et al. Evaluation of cellular viability by quantitative

autoradiographicstudyof myocardialuptakeof a fatty acid analogue in isoproterenoHnduced

focal rat heartnecrosis.Eur J Nucl Med 18:870-878, 1991

45. Ambrose KR,Owen BA,Goodman MM, et al. Evaluationo! the metabolism in ratheartsof two

new radioiodinated3-methyl-branchedfattyacid myocardialimaging agents.Eur J Nucl Med

12:486-491, 1987

46. Ambrose KR, ()wen BA, Callahan, AP, et al. Eff,]ctsof fastingon the myocardialsubcellular

distributionand lipiddistributionof terminalp-iodophenyl-substitutedfatty acidsin rat hearts.

Nucl Med Bio/15:696-700, 1988

47. Knapp JR FF, KohlenS, KolkmeierJ, et al. Formationof catabolitesfrom methyl-branchedfatty
J

acids by isolatedLangendorffperfusedrat heartsystem. In, Proceedings,EuropeanNuclear

Medicine Congress, Budapest, Hungary, August24-28, 1897; Schattauer Vedag, Stuttgart

(ISBN 3-7945-1244-8), pp. 726-730, 1988



i,
m

e

28

48. Kropp J, Ambrose KR, Knapp JR FF, et al. Myocardialclearance of 15-(p-lodoph_ny_)-3-R,S.

methylpentadecanolcacid (BMIPP) representsboth back diffuslonand loss of metabolites.

Radloactlve Isotopes In Cllnical Practice and Research, 19rh International Symposlum,

Badgastein, Austrla,January 9-I 2, 1990a; SchattauerVerlag, In press

49. Kropp J, Knapp JR FF, Ambrose KR, et al. Release of an unexpected_yocardial metabolite
i

of radioiodinated15-(p-iodophenyl)-3-R,S-methylpentadecanoicacid (BMIPP)fromisolatedrat

heads and canine heads in v/vo. J Nucl Med 31:896, 1990b (Abstract)

50. Knapp JR FF, Goodman MM, Reske SN, et al. Radioiodinatedmethyl-branchedfattyacids -

evaluationof catabolitesformedin vivo. NucCompact/Eur Amer Commun Nucl Med 21:229-231,

1990a

51o Knapp JR FF, Reske SN, Ambrose KR, et al. Formation of polar catabolites from

radioiodinated 15-(p-iodophenyl)-3-R,S-methylpentadecanolcacid (BMIPP) by isolated

Langendorffrat heads. NucCompactlEur Amer Commun Nucl Med 21:133-139, 1990b

52. Ambrose KR,Kropp J, Lambed CR, et al. Backdiffusion(BD) and releaseof metabolites("X")

contribute to washoutof radioiodinatedBMIPPfrom isolatedrat hearts(RH). Eur J Nuc/Med

18:671, 1991 (Abstract)

53. Yonekura Y, BrillAB, Som P, et al. Quantitativeautoradiographicmeasurementof regional

myocardialsubstrateutilizationin hypertensiverats. Science 227:1494-1496, 1985

, _ ....... _ ,, _ .............



|

29

54. Y_mamoto K, Som P, BrillAB, et al. Dual tracer autoradlographlcstudy of 8-methyl-(1-"C)
• .

heptadecanolc acid and 15-p-(1311)-iodophenyI-B-methylpentadecanoicacid in normotensive

and hypertensive rats. J Nucl M_ 27:1178-1183, 1986

55. Kurata C, Kobayashi A, Yamazaki: Dual tracer autoradiographicstudywith thallium-201and

radioiodinatedfatty acid in cardiomyopathiphamsters. J Nucl Med 30:80-87, 1989
!

56. KurataC, Hayashi H, KobayashiA, et al. Dual tracer autoradiographicstudyof radioiodinated

fatty acid and thallium-201incardiomyopathic hamsters. Circ 76, Part I1:1V-509,1987

57. Som P, Osier ZH, Goodman MM, et ai. Microimagingstudies with myocardial substrate

utilizationand perfusionintwo modelsof non-coronaryheartdisease.NucCompact/Eur Amer

Commun Nucl Med 21:259-262, 1990

58. Wang G-J, Som, P, OsterZH, et al. Cocaine induced regionalmyocardialmetabolicchanges

in hypertensiverats. FirstInternationalCongress of NuclearCardiology.Cannes, France,April

25-28, 1993, in press

59. Reske SN, Knapp JR FF, NitschJ. 3,3-Dimethyl-(p-1-123-phenyl)pentadecanoicacid (DMIPP)

uptake is excess to rMBF in reperfusedmyocardium. J Nucl Med 30:797, 1989a (abstract)

60. Reske SN, Knapp JR FF, NitschJ, et al. 3,3-Dimethyl-(p-1-123-phenyl)pentadecanoicacid

(DMIPP) uptake is excessto rMBFin reperfused myocardium. EurJ Nucl Med 15:398, 1989b

(abstract)



e

30

61. Sloof GW, Visser FC,van Eenlge MJ, ComansEFI, TeedlnkT, HerscheidK,van derVusseGJ,

and Knapp JR FF. "Comparison of Uptake, Oxidation, and Lipid Distributionof 17-

Iodoheptadecanolc Acid (IHA), 15-(p-lodophenyl)pentadncanoicAcid (IPPA) and 15-(p-

Iodophenyl)-3,3.dimethylpentadecanoicAcid(DMIPP_,)inNormalCanineMyocardium,"J. Nucl.

Med., in press, 1993.

62. Chouraqui P, Maddahi J, Henkin R, et al. Comparisonof myocardial imaging with iodine-123-

iodophenyl-9-methylpentadecanoicacid andthallium-2Ol-chloridefor assessmentof patients

with exercise-inducedmyocardialischemia. J Nucl Med 32:447-452, 1991

63. Bianco JA, Elmaleh DR, Leppo JA, et al. Effect of glucose and insulin infusionon the

myocardialextractionof a radioidinatedmethyl-substitutedfatty acid. Eur J Nucl Med 12:120-

124, 1986

64. KarientoAL, Uvni E, Mattila S, et al. Comparativeevaluationof [1231]14-p-iodophenyl-beta-

methyltetradecanoicacid and thallium-201inthe detectionof infarctedareas inthedog heart

using SPECT. Nucl Med Bio/15:333-338, 1988

65. Dudczak R, Schmoliner R, Angelberger P, et al. Structurally-modifiedfatty acids: clinical

potentialas tracersof metabolism. Eur J Nucl Med 12:$45-$48, 1986



31

66. Kropp J, Jorgens M, Glanzer K, et al. Evaluationof Ischemia and myocardialviability in

patientswithCADwiththe fattyacid 15-(p-[I-123]iodophenyl)-3-R,S-methylpentadecanolcacid.

First InternationalCongressof Nuclear Cardiology. Cannes, France, April 25-28, 1993, in

press

67. Kropp J, Kohler U,, Knapp Jr. FF, Biersack, JH. 15-(p-[I-123]iodophenyl)-3-R,S-

methylpentadecanoicacid to evaluate ischemiain patientswith coronaryartery disease, Eur

J Nucl Mad 18: 650, 1991

68. Fox KAA,AbendscheinDR, Ambos HD, et al. Affiuxof metabolizedand nonmetabolizedfatty

acid from canine myocardium. Circ Res 57: 232-243, 1985

69. Kropp J, KnappJR FF, AssmanT, et al. Metabolitesof IPPA,BMIPPand DMIPP fattyacids in

rat hearts. A quantitativeHPLC-study. In, "NuclearMedicine - State of the Art in Europe,"

Proceedingsof the EuropeanNuclear MedicineCongress,Amsterdam,The Netherlands,May

1990; F. K. SchattauerVerlagsgesellschaftmbH, Stuttgart,pp. 109-111, 1991

70. Kropp J, AmbroseKR,Knapp JR FF, et al. Evaluationof the incorporationof IPPAand BMIPP

into complex lipids from isolated rat heads by high performanceliquid chromatographin

analysis (HPLC). Nucl Mad Biol 19:283-288, 1992

71. Reske SN, Knapp JR FF,WinklerC. Metabolicimagingof the myocardiumwithradioiodinated

aromaticfree fatty acid analogues. I. Experimentalbasis. J Physiol Imaging 1:214-219, 1986



• j 6

32

72. Miller DD, Gill JB, Uvnl E, et al. Fatty acid analogue accumulation:8 marker of myocyte

viability In ischemic-reperfusedmyocardium. Circ Res 63:681-693, 1988

73. Miller DD, Barlai-KovachM, Gill JB, et al. Imaging characteristicsof a new single-photon

myocardial metabolic tracer.Circ 74, Supp U:11-62,1986

t

I
74. Miller DD, Gil_JB, Barali-KovachM, et al. Identificationof the ischemic border zone in

reperfusedcanine myocardiumusingiodinatedfatty acid analogues. Circ 72, Supp II1:111-392,

1985

75. Nishimura T, Sago M, Kihara K, et al. Fatty acid myocardial imaging using l_l-PJ-methyl-

iodophenyl pentadecanoic acid (BMIPP): comparison of myocardialperfusionand fatty acid

utilizationin canine myocardialinfraction(Occlusionand reperfusionmodel).Eur J Nucl Med

15:341-345, 1389

76. Takeishi Y, Chiba J, Abe S, et al. Heterogeneous myocardialdistributionof iodine-12315-(p-

iodophenyl)-3-R,S-methylpentadecanoic avid (BMIPP) in patients with hypertrophic

cardiomyopathy.Eur J Nucl Mad 19:775-782, 1992

77. Tamaki N, Kawamoto M, YonekuraY, et al. Regional metabolic abnormalityin relationto

perfusion anclwall motionin patients with myocardialinfarction:Assessmentwith emission

tomographyusing iodinatedbranchedfatty acid analogue.J Nucl Med 33:659-667, 1992



o

, J

33

78. Kropp J. Ukungu J, KirchoffPJ, et al. Single photon emission tomographic imagingof

myocardial oxidative metaboUsm with 15.(p-[I-123]lodophenyl)pentadecanolc acid In patients

with coronary artery disease and aorta.coronary bypasses graft surgery. Eur J Nucl Med

18:467-474, 1991

79. Fr_nken PR, DeGeeter F, Dedale P, et al. 1_11_-methyliodophenylpentadecanoicacid(BMIPP)
1

and ge"_l'cMIBIto identify ischernicbut viable myocardium• First InternationalCongressof

Nuclear Cardiology. Cannes, France,April25-28, 1993, in press

80. van der Wall EE, BarrettE, StraussHW, et al. Altered uptake and kineticsof radioiodinated

15-(p-[I-125]iodophenyl)-3-methylpentadecanoicacid in diabeticmyocardium. Circ 72, Supp

III, 111-424,1985

81. Kiess MC, Barlai-KovachM, Eimaleh,D, et al. Discordancebetween blood flow and fattyacid

uptake in the myocardiumfollowinglactate infusion. J Nucl Med 25:P79, 1984

82. Kubota K, Takahashi T, FujiwaraT, et al. Possibilityfor tumor detection with fatty acid

analogues. Nucl Med Biol 18:191-195, 1991

83. Ogata M, Kajiyama K, YamaguchiY, et al. BMIPP uptake in adriamycincardiomyopathyrat.

J Mol Cell Cardiol 20, Supp I:$28, 1988 (Abstract)



I

34

84. Fuglbayashl Y, Yonekura Y, Takemura Y, et al. Myocardial accumulation of iodinated beta.

methyl-branchedfatty acid analogue, todine-125-15-(p-k:)dophenyt)-3-(R0$)-methylpentadecanolc

acid (BMIPP), In relation to ATP concentration. J Nucl Med 31'1818-18_, 1990

85. Knabb RM, Bergmann SR, Fox KAA, et al. The temporal pattern of recovery of myocardial

perfusion and metaboUsm delineated by positron emission tomography after coronary

thrombolysis.J Nucl Med 28:1563-1570, 1987

86. StremmelW. Fatty acid uptake by isolatedratheart myocyctesrepresentsa carrier-mediated

transportprocess. J Clin Invest 844-852, 1988

87. Vyska K, Meyer W, StremmelW, et al. Fatty acid uptake in normalhuman myocardium.C/rc

Res 69:857-970, 1991

88. Glatz JFC, van der Vusse GJ, Reneman RS. Protectiverole of fatty acid-binding proteinin

ischemicand reperfused heart. Circ Res 68:1490-1491, 1991



35

FIGURE LEGENDS

Figure 1. Structures of various tellurium (Te)-substltuted fatty acid analogues fatty acids
evaluatedfor myocardialImaging.

Figure2. Mechanismof B-oxidationand the expected inhibitionof catabolismby introduction
of a methyl-groupIn the B (3)-positionof fatty acid analogues.

Figure3. Structuresof radioiodinatedmethyl-branchedfatty acids.

Figure4. Comparisonof'mismatch"betweendistributionof [1-131]-BMIPPand[T1-201]-thallous
chlorideincross-sectionalslicesof headsfrom normaland cardiomyopathichamsters
determined by autoradiography. Upper panel, normal hamsters;left, BMIPP; right,
thallouschloride. Lowerpanel, cardiomyophatichamsters;left,BMIPP; right,thallous
chloride.

Figure 5. Time activitycurvesfrom a triple-labelstudy illustratingthe kineticsof IPPA, IHA and
DMIPP in normal canine myocardium (n=6) (Sloof, et al., 1993).

Figure 6. Triple-labelstudy comparing myocardial uptake and retentionof radioactivity after
. simultaneousIntravenousadministrationof a mixtureof [I-131]-IPPA, [I,125]-BMIPP

and [I-123]-DMIPP to fasted rats. Although global myocardial extraction is not
significantlyaltered,the effectsofmethyl-substitutionon myocardialretentionarequite
dramatic(Knapp, et al., 1987).

Figure7. Illustrationofthe washoutkineticsofradioiodinatedcomponentsfromtheoutflowtract
from a dual-labelstudyinvolvingsimultaneousadministrationof [1-125]-BMIPPand [I-
131]-IPPAinto the inflowof non-workingLangendorffretrograde-perfusedrat hearts.
The curves were constructedfrom countingsamplesfrom the outflow.Highervalues
for IPPA represent greater washout. Samples from the 5 minute perfusate were
analyzed by TLC (SIO2,ether:petroleumether:aceticacid, 70:30:1). While IPPAand
its expected catabolites are observed by TLC analysis, BMIPP washout consistof
both back diffusion and also significant levels of an unidentifiedpolar metabolite
(Knapp, et al., 199?).

Figure8. Patientsh,dy at the Clinicfor Nuclear Medicine at the Universityof Bonn, Germany,
with [I-123]-BMIPP using a protocol with three successive SPECT acquisitions.
SPECT I was obtainedafter i.v. administrationof 5 mCiof [1-123]-BMIPPimmediately
following sub-maximal exercise and SPECT il was obtained 3 hours later at rest.
SPECT III was then obtainedat restfollowinga second administrationof 2 mCiof [I-
123]-BMIPP. The four slices represent apical and base regions and two mid-
ventricularslices (Apexto Base, Leftto Right) (Kropp,etal., 1993).
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Figure 9. Exampleof a reststudy fromthe Nuclear Medicine Departmentat the Free University
Hospital in Brussels,Belgium,comparing SPECT studiesobtainedon differentdays
followingadministrationof 5 mCi of [I-123]-BMIPP and 25 mCi of [Tc-99m].MIBIto a
patient with an inferiorwall infarctionfollowingthrombolysis. See text for detailsof
this study. Thefour slicesrepresentapical and base regionsandtwo mid-ventbtcular
slices (Apexto Base, Top to Bottom) (Franken, et al., 1993).

Figure 10. Binding and transport of fatty acids and their derivatives across the cytosol of
myocytes. VLDL,Verylow densityUpoprotein;LPL,Upoproteinlipase;FA,Fattyacid;
FABP, fatty acid binding protein; IS, Interstitialspace; ACS, AcyI-CoA synthetase,
dotted lines: possibleInteractionswith the adenine-nucleotidetranslocatorand the
Na-K-ATPase,modifiedaccordingto paper of Glatz, in, "News PhysiolScience."
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