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SUMMARY

As described earlier in ORNL/'TM-12110wehave explored the possibility of measuring

urinary radioactivity as an index of pancreatic lipase activity in rats after oral

administration of a new triglyceride containing a radioactive iodine-125-1abeledfatty acid
0

moiety. The new agent, 1,2-dipalmitoyl-3115-(p-iodophenyl)pentandecan-1-oyl]-rac-

glycerol (1,2-Pal-3-1PPA),was prepared by the thallation-iodide displacement method.

Following oral gavage of the radioiodinated triglyceride to rats, a significant portion of the

administered activity was excreted in 24 hours in the urine (30.31 + 4.32%). More

recently in normal human controls, similar results with high urinary excretion (76 ± 13.8%

at 24 hrs.) were observed (ORNI.JTM-12159).

In this report, we describe an evaluation of the metabolites excreted in the urine and

the chemical species stored in adipose from rats. The urine activity co-chromatographed

wRhhippuric acid by TLC indicating conjugation of the IPPAmetabolites. Releaseof the

acidic components from the conjugated excretory products by acid hydrolysis of the urine

provided the radioactive acidic IPPA metabolites. Analysis of the Folch extracts of fat

samples from rats demonstrated that the radioactivecomponentsco-chromatographed

in the triglyceride region. Recent studies in patients with compromised pancreatic

exocrinefunctionconductedby collaboratorsat the Clinicfor Nuclear Medicinein Bonn,

, Germany (J. Kropp, M.D. and H.-J. Biersack, M.D.) have demonstrated significantly

decreased 24 hr. urinary excretion(26.30% + 15.7%) comparedwith controls(76% ±

13.8%) followingoral administrationof [1-131]-1,2-Pal-3-1PPA.Thus, urineanalysisafter

oral administrationof [1-131]-1,2-PaI-3-1PPAmay be a simple,non-invasivetool for the

clinicalevaluation of variousdiseasesinvolvingdietaryfat digestion.

Alsodescribedinthisreport is a summaryof recentmeasurementsof the production

yieldof radioisotopesof medicalinterestinthehydraulictube positionsof the ORNLHigh

Flux Isotope Reactor (HFIR). Also duringthis period, samples of the [I-131]-Iabeled

racemic "IQNP" muscarinic-cholinergicreceptor antagonistwere supplied through a

collaborativeprogramwiththe BrookhavenNationalLaboratory(P. Som, D.V.M.)forhigh
_

resolutionautoradiographicstudiesin rattissues.The firstlarge-scale(0.5 Ci) tungsten-

188/rhenium-188 generator was provided for collaborativestudies for radiolabeling

• antibodiesfor patienttumortherapywiththeUniversityof NewJerseySchool of Medicine

and Dentistn/(D. Goldenberg,M.D., et al.).



2

FURTHERSTUDIESWITH THE NEW RADIOIODINATEDTRIGLYCERIDE
TO EVALUATEPANCREATICDISEASE- RESULTSIN PATIENTS

WITH COMPROMISED PANCREATICEXOCRINE FUNCTION

An accurate evaluation of fat adsorption can be an indirect measure of pancreatic

lipase activity which is an important indicator for the diagnosis of many types of

gastrointestinaldisease. Traditional techniques to evaluate steatorrhea are often

unpleasantor impracticaland involvechemical fecal fat analysisand the evaluationof

blood and fecal levels of radioactivityafter administrationof radioiodinatedfats (e.g.

"triolein").We have prepared a new triglycerideagent containingradioiodinated15-(p-

iodophenyl)pentadecanoicacid (IPPA),in whichthe iodideis stabilizedby attachmentto

the para-positionof the terminalphenylring(ORNL/'I'M-12110and-12159). Ourapproach

is based on the expected urinaryexcretionof conjugatedradioactiveshort-chainacid

catabolitesformedby 13-oxidationof the radioiodinatedIPPAreleasedfromthe triglyceride

by tissuelipase hydrolysis. Use of a triglyceridecontainingradioiodinatedIPPAwould

thus beexpectedto overcomethe problemsencounteredwiththe trioleinapproach. With

an IPPA-labeledtriglyceride,free radioiodidewould not be expected to be formed, the

agent wouldbe stable forlong-termstorage,and IPPA,theexpectedmetabolitereleased

via hydrolysishas a well defined metabolic fate.

Forthedual-labelstudies,[I-125]-1,2-Pal-3-1PPAand[I-131]-IPPAwerecombinedand

administeredorallyto rats. lt was expectedthat the free [I-131]-IPPAwould be directly

absorbedwithsubsequentreesterificationand furthermetabolism,etc.,while [I-125]-IPPA

must first be released from the triglyceride by hydrolysisprior to absorption and

reesterification. Since the metabolismof both tracers is the same after adsorption,

excretionresultsshouldthus be similarfor bothtracers. For animalstudies,the female

Fisherstrainratswere fastedovernight.Theradiolabeledtriglycerideand IPPAwereeach

dissolvedinwarmethanoland an appropriatealiquotwas added to 0.5 ml of Tween 20.

The solutionwas warmed and the ethanolremoved undera gentle argon stream. The

Tween 20 solutionwas then dilutedwith 10 ml of salineto give a solutioncontaining1.1

I_Ci [I-125] and 2.4 i_Ci[t-131]. The [I-125]-1,2-Pal-3-1PPN[I-131]-IPPAsolution (0.5 ml)

was then administeredto metofane-anesthetizedrats by oral gavage with a feeding

needle. One groupof four ratswas housedin metabolismcages and allowedfood and

waterad libitum. The separatedurineandfeces were collected daily,aliquotscounted,



3

and the daily and cumulative levels of [I-125] and [I-131] in the urine and feces then

calculated(Table 1). Significantlymoreradioactivitywas excretedin the urinecompared

" to the feces.

. Table 1. Distribution of Radioactivityin Urine and Feces From Rats Following Oral
Administrationof a [1-125]-1,2-PaI-3-1PPA/[1-131]-IPPA Mixture.

Iodine-125 (From 1,2-Pal-34PPA)and Iodine-131 (From [1-131]-IPPA)
, ii, .,,

Urine" Feces* Total*"

Days [1-125] [1-131] [1-125] [1-131] [1-125] [1-131]
,

1 30.31+4.32 35.0+7.29 8.00+1.69 4.54+1.27 38.31 39.54
,.L

2 4.97+0.56 4.87±0.68 1.34+0.23 0.59±0.16 44.62 45.00
• , --

3 2.97±0.48 3.16±0.60 0.45±0.11 0.17±0.06 48.04 48.33

4 2.14±0.36 2.40±0.46 0.31±0.10 0.13±0.07 50.49 50.86
•. . ., ,, ,•

5 1.22+0.06 1.42+0.08 0.16,0.04 0.09+0.04 51.87 52.37

. I

Mean values .SD for five female Fisherrats. Each rat receiveda mixtureof 1.1 pC±
[I-125]-1,2-Pal-3-1PPAand2.4 i_Ci[I-131]-IPPAin 0.5 ml of the formulationmixture

. by oral gavage with a feedingneedle.

•" Mean cumulativevalues.

Animalswere also sacrificedat various time periods (n = 5 rats/group) and the

distributionof the tworadioisotopesthendeterminedinthe majororgans,blood,thyroid

and fat samples takenfromthe abdominalcavity (Table2). The resultsdemonstrateno

significantaccumulationof radioactivityin any of the tissuesevaluatedand low thyroid

uptake, indicatinglow deiodinationof both tracers. For evaluationof the radioactive

components in the fat, the samples (0.98-2.27 gm) were homogenizedin 10 ml of 2:1

CHCI3:MeOHwitha loose-fittingground glass homogenizer. After additionof 0.5 ml of

10% H2SO4 and 2 mLof 0.29% salinesolution,the samples were centrifuged,the lower

organic layerseparated,driedover anhydrousNa=SO4,and the solventremovedunder

• a streamof argon. Sampleswere dissolvedin CHCI3 and aliquotsappliedto SiO2plates

whichweredevelopedinCHCI_.Aliquotsof 24 hoururinesampleswereanalyzedbyTLC

using a CHCI3:HOAc(2:1) solventsystem. Urine aliquots(0.1 ml) were also combined



4

In a reaction vial wtth 2 ml I-_SO,, sealed and heated at 100*C for 30 min, cooled and

extracted with CHCI=. The upper organic layer was dried, and aliquots analyzed by TLC

using 6% MeOH in CHCI=. Urine samples an0 the chloroform extracts of alkluots

hydrolyzed with I-L_SO4 were also analyzed by TLC (Table 3).

Table 2. Distributionof Radioactivity inRatTissues FollowingAdministrationof a [i-125]-
1,2-Pal-3-1PPA,/[I-131]-IPPAMixture by Oral Gavage."

.., li

Mean Per Cent _jected Dose/Gram

, , , ,, . , i,. iii i

Taue AlterAdrninistration

,,, , i i ii -

Tissue Radioisotope 4 hrs. 1 day 2 days 3 d_/s 5 clays,, ,,,, i i i

1-125 0.81,0.35 0.15,0.02 0.07,0.01 0.03,0.01 0.02,0.00
Blood

1-131 0.86,0.39 0.08,0.02 0.04,0.01 0.02,0.03 0.02,0.00
H i i, i

1-125 0.89,0.37 0.30,0.03 0.20,0.09 0.21,0.13 0.05,0.01
Heart

1-131 0.93,0.39 0.29,0.05 0.22,0.12 0.23,0.13 0.06,0.01
i i

1-125 0.54,0.20 0.55,0.09 0.48,0.10 0.37,0.10 0.25,0.06
Kidneys

1-131 0.51,0.20 0.53,0.11 0.49,0.11 0.40,0.12 0.28,0.08
i i ii

1-125 1.34,0.61 0.48,0.05 0.13,0.02 0.06,0.00 0.04,0.01
Liver

1-131 1.56,0.74 0.54,0.06 0.12,0.02 0.06,0.01 0.04,0.01
• ,l i ii

1-125 4.74,1.10 02.1,0.09 0.15,0.05 0.08,0.02 0.05,0.04
Stomach

1-131 5.72,1.63 021,0.09 0.16,0.05 0.08,0.03 0.09,0.05

1-125 0.24,0.11 0.36,0.11 0.36,0.05 0.38,0.11 0.23,0.02
Thyroid"

1-131 0.17,0.09 0.15,0.05 0.17,0.03 0.1 5,0.03 0.09,0.01 . .
ii

1-125 0.60,0.32 2.24,0.77 2.35, 0.52 2.35,0.58 1.84,0.41
Fat"

1-131 0.66,0.36 2.51,0.85 2.62,0.55 2.68,0.63 2.17,0.51
I II

" Mean and ,SD for live female Fisher rats. Same rats described in Table 1.

" Thyroid data expremNldas % dose/organ values.

" White fat _ml:_ were taken from the _xlornirml cavtty.
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TLC analysis of the 24 hour urine demonstrated the presence of a major radioactive

component with the mobility of authentic hippuric acid (_ 0.55, CHCI_:HOAc,2:1; Table

- 3). The remainder of radioactivity on the TLC plates consisted of polar activity at the

origin. The organic extracts of acid hydrolyzed urine samples were also analyzed by TLC

' and showed the presence of a major radioactive component chromatographing In the

region of short chain free acids (_ 0.35, 6% MeOH in CHCI3). Fat samples were

extracted by the Folch technique and the organic soluble products analyzed by TLC,

demonstrating the presence of a radioactive component (Table 3)with the mobility of the

triglyceride standard (R_0.55, 6% MeOH in CHCI-,). The remainderof the radioactivity on

the plate was found at the origin and is expected to represent phospholipids.

Table 3. Results of Thin-layer Chromatographic Analysis of Folch Extracts of Fat
Samples,UrineandChioroformExtractsof UrineAcid HydrolysatesFollowing
OralAdministrationof a Mixtureof [1-125]-1,2-Pal-3-1PPAand [1-131]-IPPAto
Rats.#

- " " , ,, ,. ,., ._ , , . i i :

• Major Component Mean % ,SD of Total on Plate

. ,, ,,,. , ,, ii i i i Jllll

, Sample MoNlity, P_ SolventSystem Iodrme-125 Iodine-131
i ,i

Fat Extract:

4 Hours 0.55" CHCI3 74.73 + 4.44 76.48 + 4.85

24 Hours 0.55 " CHCI3 92.21 + 2.46 90.67,2.64 =
,, , ,, ,, ,. ,, ,,, |,, ,,i ., ,

24 Urine 0.45 *" CHCI3:HOAc.2:1 63.92 + 3.48 77.56 + 3.46

24 Urine 0.55 "'" MeOH:CHCIa,6:94 66.43 + 4.98 79.93 + 2.92
Hydrolysate

.- " ,. • , , • ± .. ,... . !

Data represent the mean ,SD of the total applied to the TLC plates from samples
from four rats. (Same rats describedin Table 1.)

Q

- Co-chromatographswith triglyceridestandard.

** Co-chromatographswith hippuricacid standard.
tilt 111

Chromatographs in region of short-chainfree acids.
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In conjunction with collaborators at the Clinic for Nuclear Medicine at the University

of Bonn, Germany, (J. Kropp, M.D. and H.-J. Biersack, M.D.), patients with established

decreased pancreatic exocrine function have been recently evaluated. As described in

ORNLr1M-12159, Dr. Kropp and colleagues had previously evaluated nine normal

volunteers and eleven patients without signs of pancreatic disease. The 24 hr. urine

excretion of activity was 76 ± 13.8% of the administered activity. Three patients with

established pancreatic insufficiency have now been evaluated with the oral administration

of 30 I_Ci of [131]-labeled 1,2-Pal-3..IPPAwere administered orally with subsequent urine

collection for two 24 hour periods. Pancreatic insufficiency was confirmed by the

pancreolauryl test and the chemotrypstn level in feces. In the patients with pancreatic

insufficiency, substitution of the pancreatic enzymes was discontinued 3 days prior to the

investigation. The tracer was administered after an overnight fasting period and a

standardized breakfast. Blood samples were drawn after 1,3,4 and 6 hours in 14, 15, 11

and 10 patients, respectively. TLC analysis was performed on the serum lipid extracts

with two different solvent systems along with iodobenzoic acid and cold iodinated 1,2-Pal-

31PPAas standards. Solvent system A consisted of petroleum-ether/ether/acetic acid

(69:30:1, v/v/v) and solvent system B was composed of benzene/dioxane/acetic acid

(80:18:2, v/v/v). After development of the TLC plates in these solvent systems the

standards were again visualized with 254 nm U.V. light and then the plate was cut into
J

15 segments which were counted. The TLC profilesrevealedtwo major peaks which

correspondedto the IBA andtripalmitinstandards. The proportionof IBAincreasedwith

time. No difference in the count distributionwas observed between the two solvent

systems. In normals,76% of the administeredactivitywas excretedinthe urine(13.8%)

after 24 hours and 98.6% (SD: 14.9%) after 48 hours. The patientswith pancreatic

insufficiencyexcreted 26.3% (SD: 15.7%) and 35.9% (SD: 19.1%) of the administered

activity,which was significantlydecreased (*p<0.001) comparedto normais.

These combinedresultsshowthaturineanalysisafteroral administrationof 1,2-Pal-3-

IPPA thus appears to be an attractive new technique for the evaluationof pancreatic

lipase activity by a simpleurine analysis and studies in larger groups of patientswith

various gastrointestinaldiseasesare planned.

,li
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AGENTS FOR MEDICALCOOPERATIVES

In a continuationof collaborativestudiesto evaluatethe regional uptake in cerebral

' structures by high resolution autoradiography(ARG), a sample of 1-131-1abeled"IQNP"

was supplied to the Brookhaven National Laboratory(P. Som, D.V.M.). The largest
J

clinicalprototypetungsten-188/rhenium-188generatorto date (0.5 Curie) was supplied

for clinicalstudies in a collaborativeprogramwith the Universityof New Jersey School

of Medicineand Dentistry(D. M. Goldenberg,M.D., et al.).

OTHER NUCLEARMEDICINEGROUP ACTIVITIES

Publications

Fujibayashi,Y., Som, P., Yonekura, Y., Knapp, Jr., F. F., Tamaki, N., Yamamoto, K.,

Konishi, J. and Yokoyama, A. "Myocardial Accumulationof Iodinated Beta-Methyl-

Branched Fatty Acid Analog, [l_l](p-lodophenyl)-3-(R,S)-MethylpentadecanoicAcid

(BMIPP),and Correlationto ATP Concentration-I1. StudiesinSalt-InducedHypertensive

Rats",Nucl. Med. Bio.20, 163-166 (1993).

Mirzadeh,S. and Knapp, Jr., F. F. "SpontaneousElectrochemicalSeparationof Carrier-

Free Copper-64 and Copper-67from ZincTargets,'Radiochim.Acta,5_.Z.7,193-199 (1992).A

Patents

A patent has been issued for the new tungsten-188/rhenium-188 generator system

developedinthe ORNL Nuclear MedicineGroupwhichprovidesthecarrier-freerhenium-

188 radioisotopeas perrhenicacid. Thisnew methodallows for the use of low specific

activity tungsten-188 produced in low fluxnuclearreactors and providesconcentrated

solutionsof rhenium-188for radiolabelingtherapeuticagents.

. F.F. Knapp, Jr., E. C. Lisic,S. Mirzadehand A. P. Callahan,'_ungsten-188/Carrier-Free

Rhenium-188 Perrhenic Acid Generator System,"U.S. Patent No. 5,186,913, issued

. February 17, 1993.
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ORNL Radiop_ ObtainsApproval for RoutineClinicalUse

A cardiac imaging agent developed in the ORNL Nuclear Medicine Group by F. F.

(Russ) Knapp, Jr., and colleagueshas been introducedas a new commercial clinical

agent, "CardiodineTM",by NihonMedi-PhysicsCo., Inc.,followingrecentapprovalfromthe

Japanese Food and Drug Administration. CardiodineTM is the commercial name for

iodine-123-1abeledBMIPP,which is a structurally-modifiedfattyacid based on the ORNL

concept of "metabolictrapping,"which is used to evaluateheart disease. The use of

CardiodineTM permits the unique acquisition of high quality tomographic images to

determine the viability of regionsof the heart musclethreatened by reduced oxygen

availability("ischemia")resultingfrom coronary arterydisease. These regionsof heart

muscle can often be "salvaged"or saved from further damage by coronary bypass

surgery or balloon angioplasty and are often not detected with the usual

radiopharmaceuticalswhich measure blood flow. Over 600 patient studies were

completedwith CardiodineTM in multi-centertrials at thirty institutionsin Japan which

formed the basisfor approvalof this agent for commercialdistribution.Patientstudies

are also currentlyin progressat collaboratinginstitutionsin Germanyand Belgiumand

are expected to be initiated soon in the Medical Department at Brookhaven National -

Laboratory.
J

ProceedingsEdited for Generator Symposium

An "Editorial"was recentlyauthoredby F. F. Knapp,Jr.,S. Mirzadehand A. P. Callahan,

of the ORNL Nuclear Medicine Program,in a special issueof the journal, Radioactivity

and Radiochemistry(Vol. 3, No. 4, 1992), which introducedsixteen papers from the

"Symposiumon RadionuclideGeneratorSystemsfor NuclearMedicineApplications'.The

symposium was organized by the ORNL researchersat the Annual Meeting of the

AmericanChemicalSociety (ACS),held inWashington,D.C.,on August24-28, 1992. The

symposium encompassed state-of-the-art presentationson radionuclide generator

systems for diagnosticand therapeuticapplicationsin nuclearmedicine.

o

Intem_ SymposiaFeaturesORNL Radiopharmaceuticalfor Cardiac Imaging

The Third InternationalS_osium on RadioiodinatedFree Fatty Acids for Cardiac



9

was recentlyheld in Kyoto,Japan, on February 10-11, 1993, and focussedon

the development and clinical applicationsof the iodine-123-1abeled"BMIPP"cardiac

, imagingagent developedinthe ORNL NuclearMedicine Programby F. F. (Russ)Knapp,

Jr.,and ORNLco-workers. Knappwas an invited*KeynoteSpeake¢, and also authored

' several papers at the symposiumdescribingcollaborativestudies betweenthe ORNL

programand other institutions.The Proceedingswill be publishedin the seventeenth

Annalsof Nuclear Medicine. He also presentedan invitedlectureon the development

and use of radioio,3inatedfree fatty acids for the diagnosis of heart disease at the

Seventeenth New Town Conferenceon Nuclear Cardioloqy held in Tokyo, Japan, on

February 13, 1993.

ResearcherInitiatesResearchAssignmentin Australia

Saed Mirzadeh,a staffmemberinthe ORNLNuclearGroup,recentlyinitiateda six-month

sabbatical research assignmentat the Australian Nuclear Science and Technology

Organization (ANSTO) in Lucas Heights, Australia, where he will be involved in

collaborativeresearchprojectsinvolvingtheprocessingof radioisotopesandradionuclide

generatorsystemsfor nuclearmedicineapplications.He alsopresentedan invitedlecture

entitled, "Advances in the Tungsten-188/Rhenium-188Generator"at the International
D

Symposiumon Advancesin Radiopharmaceuticals,in Sydney,Australia,on February5,

1993.

Nuclear MedicineGroupTechnicianReceivesCertificalJon

CarlaLambert,a LaboratoryTechnician in the NuclearMedicineGroup,has recentlybeen

certifiedas a "LaboratoryAnimalTechnician"bytheAnimalTechnicianCertificationBoard

of the AmericanAssociationfor LaboratoryAnimalScience (AALAS). This certification

follows six months of preparatorycourse work, laboratoryanimal procedure training,

laboratory exercises, and successfulcompletionof the LaboratoryAnimalTechnician

examination.This is the firstAALAScertificationto be awardedto a memberof the ORNL

HealthandSafetyResearchDivisionand isan importantaccomplishmentconsistentwith

increasedemphasisby federalagenciesand by the ORNLAnimalCare andUse Program

on the trainingand certificationof personnelinvolvedwithanimalstudies.
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