
widely used in the early literature.They refer to the prod
ucts obtainedby [â€˜3'I]iodinemonochloride (IG) additionto
the double bond of oleic acid and would be expected to
consist of mixtures of the 9-chloro-10-iodo-and 9-iodo-10-
chlorohexadecanoic acid isomers, as shown in Figure 1.)
Iodine-131-labeledolive oil was first used to evaluate in
testinal absorption of fat (1â€”5)and â€˜31I-labeledâ€œtrioleinâ€•
wasthen introducedfor the evaluationof aberrationsin fat
absorptions (6â€”12)to evaluate the availability of pancreatic
lipasesandthusto diagnosepancreaticinsufficiency.Since
absorptionof radioactivity from dietary â€˜3'I-labeledtnglyc
erides depends not only on the availability of hydrolytic
enzymes but also upon both the availability ofbile acids for
emulsification and the patency of the small intestine for
absorption (Fig. 2), â€˜311-oleicacid was later introduced to
evaluate the absorptionstage (13,14). However, continued
use of this substance was not furtherpursued because of
the apparent purity and instability problems (1,2,15) and
the inconsistency in relatingeither blood or fecal levels of
radioactivity with pancreatic lipase activity (16,17).

We haveprepareda triglyceride agentcontainingradio
iodinatedIPPA, in which the iodide is stabilizedby attach
ment to the para-positionof the terminal phenyl ring. Our
approach is based on the expected urinary excretion of
radioactive short-chain acid catabolites formed by beta
oxidation of the radioiodinated IPPA released from the
triglyceride by tissue lipase hydrolysis. Use of a triglycer
ide containingradioiodinatedIPPAwould thusbe expected
to overcome the problems encountered with the triolein
approach. With an IPPA-labeledtriglyceride, free radioio
dide would not be expected to be formed, the agent would
be stable for long-termstorage andthe expected metabolite
IPPA released via hydrolysis would have a well defined
metabolic fate.

The goalsof the presentstudieswere thus to synthesize
a site-specific triglyceride analog containing the radioiodi
nated IPPA moiety attached to the 3(a)-position of the
triglyceride and to measure the levels and kinetics of un
nary excretion of radioactivity in rats. Rapid urinary ex

To measurepancreaticlipaseactivity,we synthesizeda triglyc
eridecontaininga radiolodinatedfattyacid.Theurinaryexcretion
ofradioactivftywasmeasuredinfiveratsfollowingadministration
oftheagentbyfeedingtube.We attaChed15-phenylpentade
canoic acid (PPA) to position-3 of 1,2-dipalmitoyl-rac-glycerol
(1,2-Pal)to formI ,2-PaI-3-PPA.The 1,2-Pal-3-IPPA(expected
lipase substrate)was preparedby the thallation-lodidedisplace
mentmethod.Ina dual-4abelstudy,the 1@l-1,2-Pal-3-IPPAt,ig
lycendewasadministeredwiththe 131l-IPPAfreeacidto rats(n
= 5) by oral gavage. Unne and feces were collected daily and

thetissuedistributionof bothtracerswasevaluatedovera five
daypedod.A significantpor@onof theadministeredactivitywas
excretedin24hrintheurine(1@l,30.31%+ 4.32%;1311,35.0%
+ 7.29%), which COchrOmatOgraphedwith hippuric acid by thin
layerchromatography.Releaseof the aaduccomponentsfrom
theconjugatedexcretoryproductsbyacidhydrolysisofthe unne
providedthe rad@activeaddic metabolites.Analysisofthe FOIch
extractsof fat samplesdemonstratedthatthe radioactivecorn
ponents cochromatographed in the thglyceride reg@n. This
agent appears useful for the evaluationof vaiious gastrointesli
nal diseases.

J NuciMed1993;34:946-952

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
gastrointestinal disease. Traditional techniques to evaluate
steatorrhea are often unpleasant or impractical and involve
chemical fecal fat analysis (1,2) and the evaluation of blood
and fecal levels of radioactivity after administration of ra
dioiodinated fats (e.g., â€œtrioleinâ€•).(The terms â€˜3'I-labeled
â€œtrioleinâ€•and â€œoleicacidâ€•are misnomers, although
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1251 (from 1 ,2-Pal-3-IPPA)and 1311(from1311-IPPA)Unne*Feces*Tota1@Day

1251 1311 12511311 1251 1311

tory (Oak Ridge,TN) OrganicSpectroscopyGroupby laser
ionizationFTmassspectrometry.Elementalanalysesweredeter
mined by Gaibraith Laboratories, Inc. (Knoxville, TN). Details of
the synthesesandpropertiesof the syntheticproductsaresum
marizedin the Appendix.Iodine-125and â€˜@â€˜Iwere obtainedfrom
Du Pont New EnglandNuclear (N. Billerica,MA). The â€˜31I-IPPA
was preparedin the usualmannerby the thallation-iodidedis
placement method. Radioisotopic analyses were conducted using
a highpuritygermaniumdetector. The urine, feces and rattissues
wereanalyzedwithanPackardâ€œMinaxiâ€•AutogammaCounter.
A windowwas set to analyzethe â€˜@I(25-35keV)andâ€˜@â€˜i(360
keV) photopeaks and calibrated for efficiency. Standards from the
injecteddosewerekeptandcountedwiththesamplesforcorrec
tion of decay.

Preparation and Purification of 1@l-1,2-Pal4-lPPAand
131WPPA

Thedetailedlabelingprocedureis describedin the Appendix
(from 1,2-Pal-3-PPA).Radioiodinationswere conducted on the
0.005 mmole scale: 1,2-Pal-3-PPAsubstrate(4.8 mg, 0.005
minole),thallium(llI)trifluoroacetate(5.4mg,0.010mmole),trif
luoroaceticacid(3ml), â€˜@I(5â€”10mCi, <200pJin NaOH solution)
and 0.5 ml of LUsolution(0.16 mg/ml0.0025 mmole).TLC
(SiO2-G,solvent = benzene, R@0.60)indicated greater than 99.5%
purity. The â€˜311-IPPAwas also prepared in the same manner by
thallation-iodinationof 15-phenylpentadecanoicacid.

In VIvo Blodlstributlon StudIes In Rats
All animalcare procedureswere in accordancewith federal

regulations,and all animal use procedures were reviewed and
approvedby the institutionalanimalcare and use committee.

ThefemaleFischerstrainratswere fastedovernight.Thera
diolabeled triglyceride and IPPA were each dissolved in warm
ethanolandanappropriatealiquotwasaddedto0.5mlof Tween
20. The solution was warmed and the ethanol removed under a
gentle argon stream. The Tween 20 solution was then diluted with
10 ml of saline to give a solution containing2.1 @Ciâ€˜@Iand 6.0

@Ciâ€˜31I/i.0ml. The â€˜@I-1,2-Pal-3-IPPN'3'I-IPPAsolution was
then administeredto metofane-anesthetizedrats by oral gavage
with a feeding needle. One group of four rats was housed in

metabolism cages (Nalgene) and allowed food and water ad libi
turn.Theseparatedurineandfeceswerecollecteddaily,aliquots
counted, and the daily and cumulative levels of â€˜@Iand 1311in the
urine and feces then calculated (Table 1). Animals were killed at

FiGURE1. Possiblestructuresof â€œradlolodinatedtrioleinâ€•ob
tamedby (1311]iodinemonochloride(ICI)additionto triolein.

cretion of significant levels of radioactivitywould suggest
that this agentmay be usedas an index of the activity of
pancreatic lipase.

MATERIALS AND METhODS

The 1,2-palmitoyl-rac-glycerol(1) substrate was purchased
from Sigma Chemicals, Inc., and 15-phenylpentadecanoicacid
(PPA)wasobtainedfromEMKA-Chemie(7145Markgroeningen
Taulhausen, Germany). The 15-(p-iodophenyl)pentadecanoic acid
(IPPA)was preparedas describedearlier,MP91-92Â°C;Lit. MP,
92â€”93Â°C(18).All otherchemicalsandreagentswereanalytical
grade. Meltingpoints areuncorrectedandwere determinedwith a
Thomas Hoover melting point apparatus. Both proton (â€˜H)andâ€˜3c(carbon)nuclearmagneticresonance(NMR)spectrawere
obtained with a Gemini 200 instrument in the solvents indicated
with the resonances reported downfield (delta) from tetramethyl
silane in the â€˜Hspectra and fromCHC13in the 13Cspectra. The
thin-layerchromatographic(TLC)analyses were performedusing
precoated 250-nm thick layers of Si02-PF-254 adsorbent on alu
minumsheets obtainedfrom Merck, Inc. The mass spectral anal
yses (MS) were determined by the Oak Ridge National Labora

TABLE I
Distributionof Radioactivityin UrineandFecesfromRatsFollowingOralMmunistrationof a 1@I@1,2-Pal-3-IPPNâ€•31I-IPPA

Mbdure

130.31 Â±4.3235.0 Â±7.298.00 Â±I .694.54 Â±I.2738.3139.5424.97
Â±0.564.87 Â±0.681.34 Â±0.230.59 Â±0.1644.6245.0032.97
Â±0.483.16 Â±0.600.45 Â±0.110.17 Â±0.0648.0448.3342.14
Â±0.362.40 Â±0.460.31 Â±0.100.13 Â±0.0750.4950.8651

.22 Â±0.061 .42 Â±0.080.16 Â±0.040.09 Â±0.0451 .8752.37

*M@,valuesÂ±s.d.forfivefemaleFisherrats.Eachratreceivedambctureof1.1 @ci1as1@1,2-Pal-3-IPPAand2.4 @iCi1311-IPPAin0.5mlofthe
formulationmbdureby oral gavagewftha feedingneedle.

@ cumulative values.
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Majorcomponent Mean% Â±s.d.of totalon p@te

SampleFat
extract Mobilfty,R@ SoWentsystem 1as1131@4

hr O.55@ CHcI3 74.73 Â±4.44 76.48 Â±4.8524
hr O.55@ CHCI3 92.21Â±2.46 90.67Â±2.6424
unne 0.45* CHCI3:HOAC,2:1 63.92Â±3.4877.56Â±3.4824
urinehydrolysate O.55@ MOOH:CHCI3,6:94 66.43Â±4.98 79.93Â±2.92*D@

representthe mean Â±s.d. of the total appliedto the TLC platesfrom samplesfrom four rats. (Samerats describedin Table1.)tCothro@
w@ th@e@andard.*Cochromatographs
with hippuricacidstandard.â€˜Chromatographs

In regionof short-cheinfree acids.

Time afteradministration
(mean%ID/g)Tissue

Radioisotope 4hriday2days3days5daysBlood

1251 0.81Â±0.35 0.15Â±0.02
1311 0.86 Â±0.39 0.08 Â±0.020.07

Â±0.01
0.04Â±0.010.03

Â±0.01
0.02Â±0.000.02

Â±0.00
0.02Â±0.00Heart

1251 0.89Â±0.37 0.30Â±0.05
1311 0.93 Â±0.39 0.29 Â±0.050.20

Â±0.09
0.22Â±0.120.21

Â±0.13
0.23Â±0.130.06

Â±0.01
0.06Â±0.01Kidneys

1251 0.54Â±0.20 0.55Â±0.09
1311 0.51 Â±0.20 0.53 Â±0.110.48

Â±0.10
0.49 Â±0.110.37

Â±0.10
0.40 Â±0.120.25

Â±0.06
0.28Â±0.06Uver

1251 1.34Â±0.61 0.48Â±0.05
1311 1.56 Â±0.74 0.54 Â±0.060.13

Â±0.02
0.12Â±0.020.06

Â±0.00
0.06Â±0.010.04

Â±0.01
0.04Â±0.01Stomach

1251 4.74 Â±1.10 0.21 Â±0.09
1311 5.72 Â±1.63 0.21 Â±0.090.15

Â±0.05
0.16Â±0.050.08

Â±0.02
0.08Â±0.030.08

Â±0.04
0.09Â±0.05Thyroidt

â€˜@l 0.24 Â±0.11 0.36 Â±0.11
1311 0.17 Â±0.09 0.15 Â±0.050.36

Â±0.05
0.17Â±0.030.38

Â±0.11
0.15Â±0.030.23Â±0.020.09Â±0.01Fate

1251 0.60Â±0.32 2.24Â±0.77
1311 0.66 Â±0.36 2.51 Â±0.852.35

Â±0.52
2.62Â±0.552.35

Â±0.58
2.68Â±0.631

.84 Â±0.41
2.17Â±0.51*M@

andÂ±s.d.forfivefemaleFisherrats.SameratsdescribedinTable1.
1Thyroiddata expressedas % dose/organvalues.
@WhItefatsamplesweretakenfromtheabdominalcavity.

TABLE 2
Resultsof Thin-Layer ChromatographicAnalysis of Folch Extractsof Fat Samples, Unne and ChloroformExtractsof Urine Acid

HydrolysatesFollowingOral Administrationof a Mixtureof 1@I-l,2-Pal-3-lPPAand 131I-IPPAto Rats*

various time periods (n = 5 rats/group) and the distribution of the
two radioisotopes then determined in the major organs, blood and
thyroid and a sample of fat taken from the abdominal cavity
(Tables 2 and 3).

Chromatographic Analysis of Metabolites
Fat samples(0.98â€”2.27g) were homogenizedin 10ml of 2:1

ciia3 :MeOHwithaloose-fittinggroundglasshomogenizer.Af
ter addition of 0.5 ml of 10%H2S04 and 2 ml of 0.29% saline
solution,the sampleswere centrifuged,the lowerorganiclayer
separated,driedover anhydrousNa2SO4andthesolventremoved
undera streamof argon.Samplesweredissolvedin CHC13and
aliquots applied to 5i02 plates which were developed in CHCI3.
Aliquots of 24-hr urine samples were analyzed by TLC using a
CHO3:HOAc(2:1)solventsystem.Urinealiquots(0.1ml)were

also combined in a reaction vial with 2 ml H2S04, sealed and
heated at 100Â°Cfor 30 mm and cooled and extractedwith CHC13.
The upperorganiclayer was driedand aliquotsanalyzed by TLC
using 6% MeOH in CHCI3.

RESULTS

ChemIcal Syntheses
The 1,2-Pal-3-IPPAtriglyceride was prepared in 55%â€”

70% yield (Fig. 3) by the modified Hassner estenification
(19,20) as described earlier (21,22). The substrate for prep
arationof 1,2-palmitoyl-3-[15-(p-iodophenyl)pentadecan-1-
oyl]-rac-glycerol (1, 1,2-Pal-3-IPPA; Fig. 3) was prepared
by esterification of PPA with 1,2-palmitoyl-rac-glycerol.

TABLE 3
Distributionof Radioactivityin RatTissuesFollowingAdministrationof a 1251-1,2-Pal-3-IPPAJ131I-IPPAMixturebyOralGavage*
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the feces. Urine samplesand the chloroform extracts of
aliquots hydrolyzed with H2504 were also analyzed by
TLC (Table 2).

Ratswere also killed at various time points to determine
the distribution of radioactivity in fat samplesandvarious
tissues.These data are expressedaspercent injecteddose!
gram (%ID!g) of tissuefor the two tracers in Table 3. Fat
samples were homogenized and extracted by the Folch
technique and analyzed by TLC (Table 2).

The results demonstrate no significant accumulation of
radioactivity in any of the tissues evaluated and low thy
roid uptake, indicating low deiodination of both tracers.
TLC analysis of the 24-hr urine demonstrated the presence
of a major radioactive component with the mobility of
authentichippunicacid (R@0.45,CHC13:HOAc, 2:1;Table
2). The remainder of radioactivity on the TLC plates con
sisted of polar activity at the origin. The organic extracts of
acidhydrolyzedurine sampleswere alsoanalyzedby TLC
and showed the presence of a major radioactive compo
nent chromatographingin the region of short-chain free
acids (Rf 0.55, 6% MeOH in CHC13). Fat samples were
extracted by the Folch technique and the organic soluble
products analyzed by TLC, demonstratingthe presence of
a radioactive component (Table 2) with the mobility of the
triglyceride standard (Rf 0.55, 6% MeOH in CHC13). The
remainder of the radioactivity on the plate was found at the
origin and is expected to represent phospholipids.

DISCUSSION

Iodine-131-labeled triolein, which became commercially
available in the 1960s, held great promise as a diagnostic
tool andwas usedby many investigators.Interpretationof
the results varied between investigators, however, and
questionsaroseconcerningthe radiochemicalpurity and
stability of these preparations. Some investigators found
that only 30%â€”60%of the radioactivity in commercialâ€˜@â€˜I

- L@

Iodine was introduced by reaction of the 1,2-Pal-3-PPA
substrate with thailium(III) trifluoroacetate (TTFA) fol
lowed by treatment with potassium iodide (Fig. 3). The
triglyceride substrate was insoluble in the usual TFFA/
aqueous solution (ratio: 3 ml/0.5 ml) (23,24) and also in
acetonitrile as an alternative (25). Successful iodination
was accomplished by minimizing the amount of the aque
ous Kl (0.10â€”0.20ml) in TFAA (3 ml). Hydrolysis was
minimized (<5%) by careful control of the temperature
(98â€”102Â°C)and timing of the iodination step (15min). The
1,2-Pal-3-IPPA prepared in this manner (Fig. 3) was iden
tical to authenticiodinated 1,2-Pal-3-IPPApreparedby es
tenificationof IPPA. The analysesof the structuresof the
synthetic products are described in the Appendix.

Preparation of Radlolodinated I ,2-Pal-3-IPPA
Triglyceride

The final yield of the radiolabelingprocedurefor 1,2-Pal
3-IPPA was 50%â€”65%with a purity greater than 99.5%.
Storageconditions for the radioiodinated 1,2-Pal-3-IPPA
were studied in detail and samplescould be stored in the
cold (8Â°C)either assolidsor asa precipitate in ethanolfor
at least 4 wk with no decomposition.

Rat Tissue Distribution and Excretion Studies
For the dual-labelstudies, [â€˜@I]1,2-Pal-3-IPPAand â€˜@â€˜I

IPPA were combined and orally administered to rats. It
was expected that the free â€˜311-IPPAwould be directly
absorbedwith subsequentreesterificationand further me
tabolism, whereas â€˜@I-IPPAmust firstbe released fromthe
triglyceride by hydrolysis prior to absorption and reester
ification. Since the metabolism of both tracers is the same
after adsorption, excretion results should thus be similar
for both tracers. Rapid and high urinaryexcretion of both
tracers was observed in the first two days (Table 1), fol
lowed by low excretion of radioactivity. The mean cumu
lativevaluesaresummarizedin Table 1. Significantlymore
radioactivity was excretedin the urine when comparedto
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FiGURE3. Chemicalsynthesisof1,2-palmftoyl-3-[15-(p-io
dophenyl)pentadecan-1-oyl]-rac-glycerol(1,2-PaI-3-IPPA,3).

â€œtrioleinâ€•preparations was associated with the â€œtnioleinâ€•
fraction and suggestedthe use of purified preparations
(26,27), but other investigators found no benefit in the use
of â€œpurifiedâ€˜3'I-trioleinâ€•(28). In addition, investigators
disagreed on the utility of blood analysis versus fecal anal
ysis (1). Evaluation of radioactivity in the stool was found
to be of no value because of the wide overlap between data
from patientswith proven steatorrheaand controls (29). In
addition to beingvery unpleasant,accuratestoolanalysisis
also difficult because of incomplete fecal recoveiy and
possible contaminationwith urine. On the other hand, the
results ofblood analysiswere evidently difficultto interpret
sinceradioactivity in the blood representsthe presenceof
not only â€˜31I-labeledtriglycerides but also radioiodinated
free â€œoleicacidâ€•and free iodide (2).

Another approachwhich was developedinvolved anal
ysis of either stool â€˜4Ccontent or expired â€˜4C02after
ingestion of triglyceride substrates radiolabeled in the car
boxyl groups of the fatty acid moieties (30,31). Many in
vestigators felt this method was superior to the use of
â€˜31I-triolein,but analysis of the beta-emitting â€˜4Crequires
special sample preparation and counting equipment, and
this approach can also be inconvenient for fecal analysis.
For the evaluationof expired â€˜4C02,a special apparatusfor
collection of the expirate is also required.

We have thus reassessedthe useof radioiodinatedtrig
lycerides using a simple urine analysis by the â€œsite-specif
ic,â€•stable attachment of radioiodide to a new triglyceride
agent. Since pancreatic lipase (LPS, tniacylglycerol lipase,
EC 3.1.1.3) is specific for hydrolysis of the 1- and 3-acyl
positions, the fatty acid released would be absorbed, rees
tenifiedand transported to the liver for storageand other
tissues to be available to action of peripheraltissue lipase.
The metabolism of the IPPA is well understood (32). The
final catabolic products from beta-oxidation of IPPA are
short-chain acids such as p-iodobenzoic acid (IBA) and
(p-iodophenyl)propionic-and propenoicacids.

In contrast with the oxidation of â€œiodooleicacid,â€•ra
dioiodide may be expected to be readily lost from the

intermediaiy products (3-iodo-4-chlorododecanoicacid,
3-chloro4-iodododecanoic acid isomers). The catabolism
of the so-called â€œiodooleicacid,â€•presumably a mixture of
the 9-iodo-10-chloro-and 9-chloro-10-iodo-isomersof oc
tadodecanoic (stearic) acid (Fig. 1), thus results in the
formation of free radioiodide (1).

It would also be expectedthat iodine monochlonide(I
Cl) addition to tniolein would result in a heterogeneously
radiolabeled product; that is, the fatty acid moieties at
tached to the 1 and 3 positions, for instance, might well
havea different specificactivity than the 2 position. Thus,
differentpreparationswould probablybe expectedto have
different degrees of inhomogeneous radiolabeling and this
might explain to someextent the inconsistentresultscom
paring data from different patients using different batches
of â€˜31I-labeledtniolein. The use of a site-specificradiola
beled triglyceride, where radioiodine is stable to facile
deiodination, would overcome these problems. The 1,2-
Pal-3-IPPA agent described here also has a well-defined
urinary excretion of the final catabolite and may be useful
for human testing.

In conclusion, these studies have clearly demonstrated
that asignfficantlevelof radioactivity is rapidly excretedin
the urine after oral administrationof the 13'I-labeled1,2-
Pal-3-IPPA triglyceride. Future studies will evaluate the
relative urinary excretion from normal controls and pa
tients with establishedpancreaticdiseaseto determine if
this agent will be useful for broader human trials.

APPENDIX

1,2-Palmftoyl-3-[15-(p-lodophenyl)pentadecan-3-oyl]-
rae-glycerol (I,2-PaI-3-PPA, 2)

Preparationof triglycerideswas conductedunder a dry,
nitrogen atmosphere as described earlier (18,19). Dicyclo
hexylcarbodiimide(DDC, 41mg, 0.2mmole)was addedto
a dry dichloromethane solution (3 ml) containing 1,2-palm
itoyl-rac-glycerol (1, 45 mg, 0.08 mmole), dimethylami
nopyridine (DMAP, 10mg, 0.08 mmole) and 15-phenylpen
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tadecanoic acid (PPA, 32 mg, 0.10 mmole). The solution
wasstirred in the dark overnightat room temperature.The
insolubleureabyproduct was filtered througha glasswool
plug and the filtrate diluted with dichloromethane (50 ml)
and washed with 10% HQ, saturated NaHCO3 solution
and water. After drying over Na2SO4and evaporation of
the solvent, the solid residuewas dissolved in 10%ethyl
ether in petroleum ether and applied to a siicic acid col
umn (15 g, 1.5 cm diameter, Sigma SIL-A-200) prepared in
the same solvent. Fractions (8 ml) were eluted with 10%
ether/PE. Aliquots of each fraction were monitored by
TLC (SiO2-G, solvent benzene; 1,2-Pal-3-IPPA, Rf = 0.55â€”
0.65;PPA, Rf = 0.20â€”0.25).Fractions6â€”10containedthe
product and were combined and evaporated to dryness.
Crystallization from ethyl ether at 10Â°Cprovided pure 1,2-
pal-3-IPPA(2),36.3mg (52%),MP 57Â°C;â€˜HNMR (CDC13)
t50.875 (t, @CH3,6H), 1.25 (bs, CH2, 86H), 1.61 (m, 16H),
2.31 (t, 8H), 2.59 (t, 2H), 4.18 (m, 5H), 5.26 (m, 1 H) and
7.19 (t, 3H); â€˜3CNMR consistent with proposed structure;
MS ion at m!z 868 (Mt); analysis: calculated for
C56H1ouO6:C, 77.36%; H, 11.59%;found: C, 77.26%;H,
11.37%.

1,2-Palmftoy[15-(p-lodophenyl)pentadecan-1-oylJ
rae-glycerol (I,2-PaI-3-IPPA,(3)

Fmm 1,2-Pal-rac-GlycemL As described above for the
preparationof 1,2-Pal-3-PPA,authentic 15-(p-iodophenyl
)pentadecanoic acid (IPPA, 44 mg, 0.10 mmole) was re
acted with 1,2-Pal-rac-glycerol (1, 45 mg, 0.08 mmole) and
the product purifiedby column chromatography.Crystal
lization from ether at 10Â°Cprovided pure (3), 57.3 mg
(72%), MP 57Â°C;â€˜HNMR (CDC13) @0.879(t, 6H), 1.25 (bs,
90H), 1.58 (bs, 6H), 2.31 (t, 6H), 2.53 (t, 2H), 4.22 (o, 5H),
5.27 (m, 1H) and 7.25 (A2B2, 4H); â€˜3CNMR consistent
with theproposedstructure;MS ion at m!z994(M@);
analysis: calculated for C56H@O6I:C, 67.58%; H, 10.03;
found: C, 67.77%;H, 9.88%.

Fmm 1,2-Pal-3-PPA. The 1,2-Pal-3-PPA substrate (2,
34.7 mg, 0.04 mmole) was combined with thallium(III)trif
luoroacetate(43.2mg, 0.08mmole) in trifluoroacetic acid
(TFFA, 3 ml) under red lights. After storing overnight, an
aqueous Kl solution (6.64 mg, 0.04 mmole, 0.65 ml, 10
mg/mi) was added and heated in the dark for 15 min at
98â€”102Â°C.After cooling, the solution was poured into a
dilute solution (10%)of sodiumbisulfite andextractedwith
ethyl ether. The organic layer was washed with bisuffite
solution and water, dried over Na2504 and the solvent
evaporated under argon or nitrogen. The productwas dis
solved in 5 ml of 10% ethyl ether in petroleum ether and
applied to a silicic acid column (15 g, 1.5 cm diameter,
Sigma SILA-200) prepared in the same solvent. Fractions
(10â€”15ml) were eluted with the 10%etherfPE and Frac
tions 3â€”6were combined and evaporated to dryness. The
product was crystallized from ethyl ether in the cold to
provide 12.3 mg of (3), identical by TLC, to the product
prepared by reaction of IPPA with 1,2-pal-rac-glycerol
(vide ante).
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C. Significant scoliosis and post-traumatic changes
are presentin the lumbarspine. If bonemassassess
mentis necessary,it shouldbe performedat the hip or
a peripheralsite,suchas the radiusor calcaneus.

D. Majordegenerativechangesarepresentinthelumbar
spine.A regionof interestsmallerthanthe standardL2
to L4 regionshouldbe used.

E. Thereis evidencefor reducedbonemineraldensityin
the lumbarspine.The findings are more likely due to
osteomalacia than to osteoporosis.

8. Figure4
9. Figure5

10. Figure6

Figures 4, 5 and 6 illustrate radiographs of the lumbar spine
and bonemineralimagesobtainedwith a dual-photonbone
mineral analyzer. For each figure (items 8-10), select the
best descriptionor interpretationof the findings(optionsA-
E).
A.
B.

Machine-producedartifactis apparentin thisstudy.
Aortic calcification,hypertrophicchangesin the facet
joints and wedging of L2 result in mildly inhomoge
neousbonemineraldistribution.A smallerthan usual
regionof interestshouldbe used.
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Items 1-4: Bone-SeekIng Radlopharmaceuticals
Answers: 1, B; 2, D; 3, B; 4, A

The phosphate moieties in the condensed polyphosphates (includ
ing pyrophosphate) and the diphosphonates provide oxygen atoms,
which allow binding to calcium atoms in hydroxyapatite. The exact
nature of their chemical binding (and that of the associated tech
netium) to bone crystal has not been etucidated. The ftuoride ion
exchanges for hydroxyl groups in hydroxyapatite because of similar

ities in charge and size of this monovalent anion with those of the
hydroxyt ion. Strontiumis in Group II of the Periodic Tabte, along with
catcium, and radionuctides of strontium, as wett as those of barium
and radium, are capable of substituting for the divatent catcium
cation in hydroxyapatite crystats.
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