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To measure pancreatic lipase activity, we synthesized a triglyc-
eride containing a radioiodinated fatty acid. The urinary excretion
of radioactivity was measured in five rats following administration
of the agent by feeding tube. We attached 15-phenyipentade-
canoic acid (PPA) to position-3 of 1,2-dipalmitoyl-rac-glycerol
(1,2-Pal) to foom 1,2-Pal-3-PPA. The 1,2-Pal-3-IPPA (expected
lipase substrate) was prepared by the thallation-iodide displace-
ment method. In a dual-label study, the '25I-1,2-Pal-3-IPPA trig-
lyceride was administered with the '3'I-IPPA free acid to rats (n
= 5) by oral gavage. Urine and feces were collected daily and
the tissue distribution of both tracers was evaluated over a five-
day period. A significant portion of the administered activity was
excreted in 24 hrin the urine (251, 30.31% + 4.32%; '3'l, 35.0%
+ 7.29%), which cochromatographed with hippuric acid by thin
layer chromatography. Release of the acidic components from
the conjugated excretory products by acid hydrolysis of the urine
provided the radioactive acidic metabolites. Analysis of the Foich
extracts of fat samples demonstrated that the radioactive com-
ponents cochromatographed in the triglyceride region. This
agent appears useful for the evaluation of various gastrointesti-
nal diseases.

J Nuci Med 1993; 34:946-952

A.n 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 (Z,2) and the evaluation of blood
and fecal levels of radioactivity after administration of ra-
dioiodinated fats (e.g., “triolein’’). (The terms '*'I-labeled
“triolein”> and “‘oleic acid” are misnomers, although
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widely used in the early literature. They refer to the prod-
ucts obtained by ["*'IJiodine monochloride (IC1) addition to
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-labeled olive oil was first used to evaluate in-
testinal absorption of fat (I-5) and '*'I-labeled *triolein”’
was then introduced for the evaluation of aberrations in fat
absorptions (6-12) to evaluate the availability of pancreatic
lipases and thus to diagnose pancreatic insufficiency. Since
absorption of radioactivity from dietary '*'I-labeled triglyc-
erides depends not only on the availability of hydrolytic
enzymes but also upon both the availability of bile acids for
emulsification and the patency of the small intestine for
absorption (Fig. 2), '*'I-oleic acid was later introduced to
evaluate the absorption stage (13, 14). However, continued
use of this substance was not further pursued because of
the apparent purity and instability problems (Z,2, 15) and
the inconsistency in relating either blood or fecal levels of
radioactivity with pancreatic lipase activity (16,17).

We have prepared a triglyceride agent containing radio-
iodinated IPPA, in which the iodide is stabilized by attach-
ment to the para-position of 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 containing radioiodinated IPPA would thus be expected
to overcome the problems encountered with the triolein
approach. With an IPPA-labeled triglyceride, free radioio-
dide would not be expected to be formed, the agent would
be stable for long-term storage and the expected metabolite
IPPA released via hydrolysis would have a well defined
metabolic fate.

The goals of the present studies were thus to synthesize
a site-specific triglyceride analog containing the radioiodi-
nated IPPA moiety attached to the 3(B)-position of the
triglyceride and to measure the levels and kinetics of uri-
nary excretion of radioactivity in rats. Rapid urinary ex-
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FIGURE 1. Possible structures of “radioiodinated triolein” ob-

tained by ['*'lliodine monochioride (ICI) addition to triolein.

cretion of significant levels of radioactivity would suggest
that this agent may be used as 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-phenylpentadecanoic acid
(PPA) was obtained from EMKA-Chemie (7145 Markgroeningen-
Taulhausen, Germany). The 15-(p-iodophenyl)pentadecanoic acid
(IPPA) was prepared as described earlier, MP 91-92°C; Lit. MP,
92-93°C (18). All other chemicals and reagents were analytical
grade. Melting points are uncorrected and were determined with a
Thomas Hoover melting point apparatus. Both proton (*H) and
13C (carbon) nuclear magnetic resonance (NMR) spectra were
obtained with a Gemini 200 instrument in the solvents indicated
with the resonances reported downfield (delta) from tetramethyl-
silane in the 'H spectra and from CHCl, in the '*C spectra. The
thin-layer chromatographic (TLC) analyses were performed using
precoated 250-nm thick layers of SiO,-PF-254 adsorbent on alu-
minum sheets obtained from Merck, Inc. The mass spectral anal-
yses (MS) were determined by the Oak Ridge National Labora-

tory (Oak Ridge, TN) Organic Spectroscopy Group by laser
ionization FT mass spectrometry. Elemental analyses were deter-
mined by Galbraith Laboratories, Inc. (Knoxville, TN). Details of
the syntheses and properties of the synthetic products are sum-
marized in the Appendix. Iodine-125 and '3'I were obtained from
Du Pont New England Nuclear (N. Billerica, MA). The '*'I-IPPA
was prepared in the usual manner by the thallation-iodide dis-
placement method. Radioisotopic analyses were conducted using
a high purity germanium detector. The urine, feces and rat tissues
were analyzed with an Packard ‘““Minaxi’ Autogamma Counter.
A window was set to analyze the %I (25-35 keV) and **'I (360
keV) photopeaks and calibrated for efficiency. Standards from the
injected dose were kept and counted with the samples for correc-
tion of decay.

Preparation and Purification of '2%|-1,2-Pal-3-IPPA and
131|_|PPA

The detailed labeling procedure is described in the Appendix
(from 1,2-Pal-3-PPA). Radioiodinations were conducted on the
0.005 mmole scale: 1,2-Pal-3-PPA substrate (4.8 mg, 0.005
mmole), thallium(III)triflucroacetate (5.4 mg, 0.010 mmole), trif-
luoroacetic acid (3 ml), I (5-10 mCi, <200 ul in NaOH solution)
and 0.5 ml of Kl solution (0.16 mg/ml 0.0025 mmole). TLC
(SiO,-G, solvent = benzene, R;0.60) indicated greater than 99.5%
purity. The !3'I-IPPA was also prepared in the same manner by
thallation-iodination of 15-phenylpentadecanoic acid.

In Vivo Biodistribution Studies in Rats

All animal care procedures were in accordance with federal
regulations, and all animal use procedures were reviewed and
approved by the institutional animal care and use committee.

The female Fischer strain rats were fasted overnight. The ra-
diolabeled triglyceride and IPPA were each dissolved in warm
ethanol and an appropriate aliquot was added to 0.5 ml of 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 containing 2.1 uCi "I and 6.0
uCi /1.0 ml. The '#I-1,2-Pal-3-IPPA/*!I-IPPA solution was
then administered to metofane-anesthetized rats 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-
tum. The separated urine and feces were collected daily, aliquots
counted, and the daily and cumulative levels of '%I and '*'I in the
urine and feces then calculated (Table 1). Animals were killed at

TABLE 1
Distribution of Radioactivity in Urine and Feces from Rats Following Oral Administration of a '2°I-1,2-Pal-3-IPPA/'3'|-IPPA
Mixture

125) (from 1,2-Pal-3-IPPA) and '3'I (from '3'IHPPA)

Urine* Feces* Total
Day 125| 131| 1as| \31| 125| 131'
1 30.31 + 4.32 350+729 8.00 + 1.69 454 +1.27 38.31 39.54
2 497 + 0.56 4.87 + 0.68 1.34 £ 0.23 0.59 + 0.16 44,62 45.00
3 297 + 048 3.16 = 0.60 0.45 + 0.1 0.17 + 0.06 48.04 48.33
4 2.14 + 0.36 240 + 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 5237

*Mean values +s.d. for five female Fisher rats. Each rat received a mixture of 1.1 uCi '25-1,2-Pal-3-IPPA and 2.4 uCi '3'IIPPA in 0.5 ml of the

formulation mixture by oral gavage with a feeding needie.
*Mean cumulative values.
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TABLE 2
Results of Thin-Layer Chromatographic Analysis of Folch Extracts of Fat Samples, Urine and Chloroform Extracts of Urine Acid
Hydrolysates Following Oral Administration of a Mixture of '2I-1,2-Pal-3-IPPA and '3'I-IPPA to Rats*

Major component Mean % =+ s.d. of total on plate
Sample
Fat extract Mobility, R, Solvent system 125) 13
4 hr 0.55" CHCl, 7473 + 444 76.48 + 485
24 hr 0.55" CHCl, 9221 + 2.46 90.67 + 2.64
24 urine 0.45* CHCl,:HOAC, 2:1 63.92 + 3.48 77.56 + 3.46
24 urine hydrolysate 0.55% MeOH:CHCl,, 6:94 66.43 + 4.98 79.93 + 292

*Data represent the mean =+ s.d. of the total applied to the TLC plates from samples from four rats. (Same rats described in Table 1.)

*Cochromatographs with triglyceride standard.
*Cochromatographs with hippuric acid standard.
SChromatographs in region of short-chain free acids.

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 (0.98-2.27 g) were homogenized in 10 ml of 2:1
CHCl,:MeOH with a loose-fitting ground glass homogenizer. Af-
ter addition of 0.5 ml of 10% H,SO, and 2 ml of 0.29% saline
solution, the samples were centrifuged, the lower organic layer
separated, dried over anhydrous Na,SO, and the solvent removed
under a stream of argon. Samples were dissolved in CHCl, and
aliquots applied to SiO, plates which were developed in CHCl,.
Aliquots of 24-hr urine samples were analyzed by TLC using a
CHCl,:HOAC (2:1) solvent system. Urine aliquots (0.1 ml) were

also combined in a reaction vial with 2 ml H,SO,, sealed and
heated at 100°C for 30 min and cooled and extracted with CHCl,.
The upper organic layer was dried and aliquots analyzed by TLC
using 6% MeOH in CHCl,.

RESULTS

Chemical Syntheses
The 1,2-Pal-3-IPPA triglyceride was prepared in 55%-

70% yield (Fig. 3) by the modified Hassner esterification
(19,20) as described earlier (21,22). The substrate for prep-
aration of 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
Distribution of Radioactivity in Rat Tissues Following Administration of a '25|-1,2-Pal-3-IPPA/'3'|-IPPA Mixture by Oral Gavage*
Time after administration
(mean %ID/g)
Tissue Radioisotope 4 hr 1 day 2 days 3 days 5 days
Blood 125) 0.81 +0.35 0.15 +0.02 0.07 = 0.01 0.03 = 0.01 0.02 + 0.00
3 0.86 + 0.39 0.08 + 0.02 0.04 + 0.01 0.02 + 0.00 0.02 + 0.00
Heart 125 0.89 + 0.37 0.30 + 0.05 0.20 + 0.09 0.21 +0.13 0.06 + 0.01
13 0.93 +0.39 0.29 +0.05 0.22 +0.12 0.23 +0.13 0.06 + 0.01
Kidneys 125) 0.54 + 0.20 0.55 + 0.09 0.48 + 0.10 0.37 +0.10 0.25 + 0.06
13 0.51 +0.20 0.53 + 0.11 0.49 + 0.1 0.40 + 0.12 0.28 + 0.08
Liver 125 1.34 + 0.61 0.48 + 0.05 0.13 = 0.02 0.06 + 0.00 0.04 + 0.01
3 1.56 + 0.74 0.54 + 0.06 0.12 +0.02 0.06 + 0.01 0.04 + 0.01
Stomach 125) 474 +1.10 0.21 +0.09 0.15 £ 0.05 0.08 + 0.02 0.08 + 0.04
13 5.72 + 1.63 0.21 +0.09 0.16 + 0.05 0.08 + 0.03 0.09 = 0.05
Thyroid" 125) 0.24 +0.11 0.36 + 0.11 0.36 + 0.05 0.38 + 0.11 0.23 = 0.02
13 0.17 =+ 0.09 0.15 + 0.05 0.17 £ 0.03 0.15 +0.03 0.09 + 0.01
Fat* 125 0.60 + 0.32 224 £0.77 2.35 + 0.52 2.35 + 0.58 1.84 + 0.41
31 0.66 + 0.36 251 +0.85 2.62 + 0.55 2.68 + 0.63 217 = 0.51

*Mean and +s.d. for five female Fisher rats. Same rats described in Table 1.

Thyroid data expressed as % dose/organ values.
HWhite fat samples were taken from the abdominal cavity.
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Iodine was introduced by reaction of the 1,2-Pal-3-PPA
substrate with thallium(III) trifluoroacetate (TTFA) fol-
lowed by treatment with potassium iodide (Fig. 3). The
triglyceride substrate was insoluble in the usual TTFA/
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 (0.10-0.20 ml) in TFAA (3 ml). Hydrolysis was
minimized (<5%) by careful control of the temperature
(98-102°C) and timing of the iodination step (15 min). The
1,2-Pal-3-IPPA prepared in this manner (Fig. 3) was iden-
tical to authentic iodinated 1,2-Pal-3-IPPA prepared by es-
terification of IPPA. The analyses of the structures of the
synthetic products are described in the Appendix.

Preparation of Radiolodinated 1,2-Pal-3-IPPA
Triglyceride

The final yield of the radiolabeling procedure for 1,2-Pal-
3-IPPA was 50%-65% with a purity greater than 99.5%.
Storage conditions for the radioiodinated 1,2-Pal-3-IPPA
were studied in detail and samples could be stored in the
cold (8°C) either as solids or as a precipitate in ethanol for
at least 4 wk with no decomposition.

Rat Tissue Distribution and Excretion Studies

For the dual-label studies, ['*1]1,2-Pal-3-IPPA and 'I-
IPPA were combined and orally administered to rats. It
was expected that the free *'I-IPPA would be directly
absorbed with subsequent reesterification and further me-
tabolism, whereas 'ZI-IPPA must first be released from the
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 urinary excretion of both
tracers was observed in the first two days (Table 1), fol-
lowed by low excretion of radioactivity. The mean cumu-
lative values are summarized in Table 1. Significantly more
radioactivity was excreted in the urine when compared to

Use of Radioiodinated IPPA in Pancreatic Insufficiency ¢ Knapp et al.

the feces. Urine samples and the chloroform extracts of
aliquots hydrolyzed with H,SO, were also analyzed by
TLC (Table 2).

Rats were also killed at various time points to determine
the distribution of radioactivity in fat samples and various
tissues. These data are expressed as percent injected dose/
gram (%ID/g) of tissue for 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
authentic hippuric acid (R;0.45, CHCl;: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
acid hydrolyzed urine samples were also analyzed by TLC
and showed the presence of a major radioactive compo-
nent chromatographing in the region of short-chain free
acids (R; 0.55, 6% MeOH in CHCl,). Fat samples were
extracted by the Folch technique and the organic soluble
products analyzed by TLC, demonstrating the presence of
a radioactive component (Table 2) with the mobility of the
triglyceride standard (R; 0.55, 6% MeOH in CHCl,). 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 and was used by many investigators. Interpretation of
the results varied between investigators, however, and
questions arose concerning the radiochemical purity and
stability of these preparations. Some investigators found
that only 30%-60% of the radioactivity in commercial *'I-
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““triolein” preparations was associated with the *“triolein”
fraction and suggested the use of purified preparations
(26,27), but other investigators found no benefit in the use
of ““purified '*I-triolein”” (28). In addition, investigators
disagreed on the utility of blood analysis versus fecal anal-
ysis (I). Evaluation of radioactivity in the stool was found
to be of no value because of the wide overlap between data
from patients with proven steatorrhea and controls (29). In
addition to being very unpleasant, accurate stool analysis is
also difficult because of incomplete fecal recovery and
possible contamination with urine. On the other hand, the
results of blood analysis were evidently difficult to interpret
since radioactivity in the blood represents the presence of
not only "*'I-labeled triglycerides but also radioiodinated
free ““oleic acid” and free iodide (2).

Another approach which was developed involved anal-
ysis of either stool C content or expired '“CO, after
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
B11.triolein, but analysis of the beta-emitting '*C requires
special sample preparation and counting equipment, and
this approach can also be inconvenient for fecal analysis.
For the evaluation of expired '*CO,, a special apparatus for
collection of the expirate is also required.

We have thus reassessed the use of radioiodinated trig-
lycerides using a simple urine analysis by the “site-specif-
ic,”” stable attachment of radioiodide to a new triglyceride
agent. Since pancreatic lipase (LPS, triacylglycerol 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-
terified and transported to the liver for storage and other
tissues to be available to action of peripheral tissue 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 propenoic acids.

In contrast with the oxidation of ‘‘iodooleic acid,” ra-
dioiodide may be expected to be readily lost from the

950

intermediary products (3-iodo-4-chlorododecanoic acid,
3-chloro-4-iodododecanoic acid isomers). The catabolism
of the so-called ““iodooleic acid,”” presumably a mixture of
the 9-iodo-10-chloro- and 9-chloro-10-iodo- isomers of oc-
tadodecanoic (stearic) acid (Fig. 1), thus results in the
formation of free radioiodide (7).

It would also be expected that iodine monochloride (I-
Cl) addition to triolein 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
have a different specific activity than the 2 position. Thus,
different preparations would probably be expected to have
different degrees of inhomogeneous radiolabeling and this
might explain to some extent the inconsistent results com-
paring data from different patients using different batches
of *'I-labeled triolein. The use of a site-specific radiola-
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 a significant level of radioactivity is rapidly excreted in
the urine after oral administration of the '*'I-labeled 1,2-
Pal-3-IPPA triglyceride. Future studies will evaluate the
relative urinary excretion from normal controls and pa-
tients with established pancreatic disease to determine if
this agent will be useful for broader human trials.

APPENDIX

1,2-Palmitoyi-3-[15-(p-lodophenyi)pentadecan-3-oyi]-
rac-glycerol (1,2-Pal-3-PPA, 2)

Preparation of triglycerides was conducted under a dry,
nitrogen atmosphere as described earlier (18, 19). Dicyclo-
hexylcarbodiimide (DDC, 41 mg, 0.2 mmole) was added to
a dry dichloromethane solution (3 ml) containing 1,2-palm-
itoyl-rac-glycerol (1, 45 mg, 0.08 mmole), dimethylami-
nopyridine (DMAP, 10 mg, 0.08 mmole) and 15-phenylpen-
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tadecanoic acid (PPA, 32 mg, 0.10 mmole). The solution
was stirred in the dark overnight at room temperature. The
insoluble urea byproduct was filtered through a glass wool
plug and the filtrate diluted with dichloromethane (50 ml)
and washed with 10% HCI, saturated NaHCO; solution
and water. After drying over Na,SO, and evaporation of
the solvent, the solid residue was dissolved in 10% ethyl
ether in petroleum ether and applied to a silicic 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 (SiO,-G, solvent benzene; 1,2-Pal-3-IPPA, R; = 0.55-
0.65; PPA, R; = 0.20-0.25). Fractions 6-10 contained the
product and were combined and evaporated to dryness.
Crystallization from ethyl ether at 10°C provided pure 1,2-
pal-3-IPPA (2), 36.3 mg (52%), MP 57°C; '"H NMR (CDCl,)
5 0.875 (t, -CH,, 6H), 1.25 (bs, CH,, 86H), 1.61 (m, 16H),
2.31 (t, 8H), 2.59 (t, 2H), 4.18 (m, SH), 5.26 (m, 1 H) and
7.19 (t, 3H); 13C NMR consistent with proposed structure;
MS ion at m/z 868 (M*); analysis: calculated for
Cs6H0006: C, 77.36%; H, 11.59%; found: C, 77.26%; H,
11.37%.

1,2-Palmitoyi-3-[15-(p-lodophenyl)pentadecan-1-oyi]-
rac-glycerol (1,2-Pal-3-IPPA, (3)

From 1,2-Pal-rac-Glycerol. As described above for the
preparation of 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 purified by column chromatography. Crystal-
lization from ether at 10°C provided pure (3), 57.3 mg
(72%), MP 57°C; '"H NMR (CDCl;) §0.879 (t, 6H), 1.25 (bs,
90H), 1.58 (bs, 6H), 2.31 (t, 6H), 2.53 (t, 2H), 4.22 (o, SH),
5.27 (m, 1H) and 7.25 (A;B,, 4H); °C NMR consistent
with the proposed structure; MS ion at m/z 994 (M*);
analysis: calculated for CssHooOgl: C, 67.58%; H, 10.03;
found: C, 67.77%; H, 9.88%.

From 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 (43.2 mg, 0.08 mmole) 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/ml) was added and heated in the dark for 15 min at
98-102°C. After cooling, the solution was poured into a
dilute solution (10%) of sodium bisulfite and extracted with
ethyl ether. The organic layer was washed with bisulfite
solution and water, dried over Na,SO, and the solvent
evaporated under argon or nitrogen. The product was 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
(10-15 ml) were eluted with the 10% ether/PE and Frac-
tions 3-6 were 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).

Use of Radioiodinated IPPA in Pancreatic Insufficiency ® Knapp et al.

ACKNOWLEDGMENTS

Research at Oak Ridge National Laboratory supported by the
Office of Health and Environmental Research, U.S. Department
of Energy, under contract DE-ACOS5-840R21400 with Martin
Marietta Energy Systems, Inc. The authors also thank the North
Atlantic Treaty Organization (NATO, CRG 900966) and the Deut-
sche Forschungs Gemeinschaft (Bonn, KR 948/1+2-1) for partial
support. F.F. Knapp, Jr. gratefully acknowledges support as a
Senior American Scientist from the Alexander von Humboldt
Foundation at the Clinic for Nuclear Medicine in Bonn, Germany
during the 1991-1992 period. This work was presented in part at
the 39th Annual Meeting of The Society of Nuclear Medicine, Los
Angeles, CA, June 9-12, 1992.

REFERENCES

1. Wagner HN, ed. Principles of nuclear medicine. New York: Saunders;
1968:847-848, 587-589.

2. Blahd WH. Nuclear medicine. New York: McGraw-Hill; 1966:350-359.

3. Stanley MM, Thannhauser SJ. The absorption and disposition of orally
administered '*'I-labeled neutral fat in man. J Lab Clin Med 1949;34:1634-
1639.

4. Quinn JL, Il editor. The year book of nuclear medicine. Chicago: Year
Book Med. Pub.; 1973:320-323.

5. Silver S. Radioactive nuclides in medicine and biology . Philadelphia: Lea &
Febiger; 1968:392-400.

6. Sanders AP, Isley JK, Sharpe K et al. Radioactive recovery in feces fol-
lowing '*'I-labeled fat test meal. Am J Roentgenol 1956;75:386-389.

7. Shingleton WW, Baylin GJ, Isley JK, Sanders AP, Ruffin JM. The evalua-
tion of pancreatic function by use of '*'I-labeled fat. Gastroenterol 1957;
32:284-292.

8. Berkowitz D, Kikoff W, Spitzer JJ, Sklaroff DM. The use of radioactive fat
in the study of fat metabolism. J Nucl Med 1960;1:31-40.

9. Berkowitz D, Croll MN, Shapiro B. Evaluation of radioisotopic triolein
techniques in the detection of steatorrhea. Gastroenterol 1962;42:572-579.

10. Ruffin JM, Shingleton WW, Baylin GJ et al. '*'I-labeled fat in the study of
intestinal absorption. N Engl J Med 1956;255:594-606.

11. Wallach S and Jones HL. Oral and intravenous '*'I-triolein tests in assess-
ment of disturbed triglyceride metabolism. Am J Med 1962;244:612-621.

12. Veall N, Vetter H. Radioisotope techniques in clinical research and diag-
nosis. London: Butterworth & Co.; 1958:342-344.

13. Malm JR, Reetsma K, Barker HJ. Comparative fat and fatty acid intestinal
absorption test utilizing radioiodine-labeling: results in normal subjects.
Proc Soc Exp Biol Med 1956;92:471-474.

14. Isley JK, Sanders AP, Baylin GJ et al. The use of '*'I-labeled oleic acid in
the study of gastrointestinal function. Proc Soc Exp Biol Med 1957;94:807-
809.

15. Cohen S, Soloway RD. Contemporary issues in gastroenterology, volume
7. New York: Churchill Livingston; 1988:278-280.

16. Pimparkar BD, Tulsky EG, Kaiser MH, Bockus HL. Correlation of radio-
active and chemical fecal fat determinations in the malabsorption syndrome.
Am J Med 1961;30:910-926.

17. Rufin F, Blahd WH, Nordyke RA, Grossman MI. Reliability of '*'I-triolein
test in the detection of steatorrhea. Gastroenterol 1961;41:220-224.

18. Machulla HJ, Marsmann M, Dutschka K. Synthesis of radioiodinated phe-
nyl fatty acids for myocardial metabolism. J Radioanalyt Chem 1980;56:
253-261.

19. Hassner A, Alezandian V. Direct room temperature esterification of car-
boxylic acids. Tet Lett 1978;46:4475-4478.

20. Hassner A, Krepski LR, Alezandian V. Aminopyridines as acylation cata-
lysts for tertiary alcohols. Tet Lert 1978;34:2069-2076.

21. Weichert JP, Longino MA, Schwendner SW et al. Potential tumor- or
organ-imaging agents. 26. Polyiodinated 2-substituted triacylglycerols as
hepatographic agents. J Med Chem 1986;29:1674-1682.

22. Elbert T. Near-quantitative conversion of labelled acids to esters by mod-
ified Hassner esterification. Synthesis of labeled triglycerides. J Label Cm-
pds Radiopharm 1989;XXVII:107-116.

23. Goodman MM, Callahan AP, Cunningham EB, Kirsch G, Knapp FF Jr.
Synthesis and evaluation of radioiodinated terminal p-iodophenyl-substi-
tuted a- and B-methyl-branched fatty acids: a new class of myocardial
imaging agents. J Med Chem 1984;27:390-396.

24. Knapp FF Jr., Goodman MM, Kirsch G. lodine-123-labeled 15-(p-iodophe-

951



nyl)-3,3-dimethylpentadecanoic acid: a useful agent to evaluate myocardial
fatty acid uptake. J Nucl Med 1986;27:521-531.

25. McKillop A, Hunt JD, Zelesko MJ et al. Thallium in organic synthesis.
XXII. Electrophilic aromatic thallation using thallium(I1I) trifluoroacetate.
A simple synthesis of aromatic iodides. J Am Chem Soc 1971;93:4841-4844.

26. Tuna N, Mangold KK, Mosser DG. The I-131 triolein absorption test. Clin
Res 1962;10:194-206.

27. Lackshminarayama G, Kruger FA, Campbell PG, Brown JB. Chromato-
graphic studies on the composition of commercial samples of triolein-1-131
and oleic acid-I-131 and the detection of the label in human serum lipids
following administration of these lipids. Arch Biochem 1960;88:318-327.

28. Tuna N, Mangold HK, Mosser DG. Re-evaluation of the I-131-triolein
absorption test. J Lab Clin Med 1963;61:620-628.

(continued from page 907)

29. Leinbach GE, Saunders DR, Nelp WB. Radiotriolein revisited: a study of
the !*!I-triolein absorption test using radiochemically pure triolein. J Nucl
Med 1972;13:252-259.

30. Schwabe AD, Valdivieso VD, Merrill S, et al. Intestinal absorption of a
medium-chain fat (trioctanoin) in normal pancreactomized dogs. Am J Dig
Dis Sci 1967;12:1114-1121.

31. Schwabe AD, Cozzetto AD, Bennett LR, Mellinhoff SM. Estimation of fat
absorption by monitoring of expired radioactive carbon dioxide after feed-
ing a radioactive fat. Gastroenterol 1962;48:285-291.

32. Schmitz B, Reske SN, Machulla HJ, Egge H, Winkler C. Cardiac metabo-
lism of «-(p-iodophenyl)pentadecanoic acid: a gas chromatographic mass
spectrometric analysis. J Lip Res 1984;25:1102-1108.

Figures 4, 5 and 6 illustrate radiographs of the lumbar spine
and bone mineral images obtained with a dual-photon bone
mineral analyzer. For each figure (items 8-10), select the
best description or interpretation of the findings (options A-
E).

A. Machine-produced artifact is apparent in this study.

B. Aortic calcification, hypertrophic changes in the facet
joints and wedging of L2 result in mildly inhomoge-
neous bone mineral distribution. A smaller than usual
region of interest should be used.

Figure 4

SELF-STUDY TEST
Skeletal Nuclear Medicine

QUESTIONS (continued)

Figure 6

C. Significant scoliosis and post-traumatic changes
are present in the lumbar spine. If bone mass assess-
ment is necessary, it should be performed at the hip or
a peripheral site, such as the radius or calcaneus.

D. Major degenerative changes are present in the lumbar
spine. A region of interest smaller than the standard L2
to L4 region should be used.

E. There is evidence for reduced bone mineral density in
the lumbar spine. The findings are more likely due to
osteomalacia than to osteoporosis.

8. Figure 4
9. Figureb
10. Figure 6

SELF-STUDY TEST

Items 1-4: Bone-Seeking Radiopharmaceuticals
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 elucidated. The fluoride ion
exchanges for hydroxyl groups in hydroxyapatite because of similar-

‘Skeletal Nuclear Medicine

ANSWERS

ities in charge and size of this monovalent anion with those of the
hydroxyl ion. Strontium is in Group |l of the Periodic Table, along with
calcium, and radionuclides of strontium, as well as those of barium
and radium, are capable of substituting for the divalent calcium
cation in hydroxyapatite crystals.
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