
[â€˜23ljiodoheptadecanoicacidhasapparentlyprovento
be a useful probe of regional fatty-acid metabolism when
special correction methods are applied to account for the
activity in the blood pool (6,7). More recently the
problem of facile iodide loss has evidently been overcome
by the preparation of radioiodinated 15-(p-iodo
phenyl)pentadecanoic acid (8,9), and the iodine-i23-
labeled agent is now under clinical evaluation (10). Al
though the product does not suffer deiodination, the
myocardial washout is relatively rapid (8,9).

We have incorporated the tellurium heteroatom into
the fatty-acid chain as a means of inhibiting metabolism.
The 9@[I23mTe]telluraheptadecanoic acid (9-THDA)
shows rapid and pronounced myocardial uptake in rats
(1 1â€”13)and dogs (14,15). The unique feature of this
fatty-acid analog is the prolonged myocardial retention
or â€œtrappingâ€•of the radiolabel. In dogs, only 13%of the
rapid, peak concentration washes out of the myocardium
after i day and only 36% is lost after 5 days (14). Ex
cellent myocardial images have been obtained in normal
and infarcted dogs (14,15), and studies with a miniature
cadmium telluride probe have evaluated the rates of

A variety of terminal radioiodinated long-chain
fatty acids (1â€”3)have been developed and evaluated as
alternatives to thallium-201 to detect changes â€˜inmyo
cardial perfusion (4â€”6).Feinendegen and coworkers
have reported the use of 17-['231J-iodoheptadecanoic
acid in humans to measure differences in regional
myocardial fatty-acid metabolism between normal and
ischemic tissue and in several types of cardiomyopathy
(6,7). The clinical use of these agents may be limited,
however, because of the significant radioactivity re
maining in the blood pool after administration and the
relatively short residence time of the radiolabeled fatty
acid in the myocardium. The loss of iodide from the
molecule could result from either complete catabolism
ofthe fatty acid or direct cleavage of the carbon-iodine
bond by chemical or enzymic routes. The relative con
tributions from these two processes have not been re
solved, however (6,7). Despite these problems, 17-
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A New,Well-RetainedMyocardialImagingAgent:Radioiodinated

15@(p-IodophenyI)-6-TeIIurapentadecanoic Acid

Mark M. Goodman, Furn F. Knapp, Jr., Alvin P. Callahan, and Leigh A. Ferren

Oak Ridge National Laborato,y, Oak Rk@e, Tennessee

A methodinvolvIngthe acid-catalyzeddecompositIonof a piperldyitriazeneIn
termediate In the presence of radiolodlde has been developed for the synthesis of
radlolodinated15-(p-lodophenyl)-6-tellurapentadecanoicacid. The iodine-125-
labeledagentshowsrapid,pronouncedmyocardialuptakein rats(5.30-6.45% in
jecteddose/gafter5 mm)andalsoexhibitsthe prolongedretentIonpreviouslyoh
servedwIth 9-[123â€•Te]telluraheptadecanolcacid (9-[1@â€•TeJHDA).After 6 hr, the
heart uptake remainedhigh (3.89-5.33% dose/g) and decreasedonly to 3.02-
3.41% dose/g after 24 hr. Very low blood activity was detected (0.24-0.27%
dose/g at 5 mm;0.29â€”0.32%dose/g at 6 hr) andthe head-to-bloodratIoswere
high(22:1 at 5 mm; 15:1 at 6 hr). Minimaldelodinatlonwas demonstratedby the
lowthyroiduptake(1.41â€”1.63%dose/g at 5 mm;5.33â€”7.08%dose/gat 6 hr). The
rapid and pronounceduptake, prolongedmyocardial retention, and low in vivo
delodinatlonmakethis agentattractivefor furtherevaluation.
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uptake and loss from normal and ischemic regions of the
dog myocardium (15).

More recently we have directed our efforts toward
preparing a radioiodinated fatty acid containing stable
tellurium. This fatty acid was envisioned as an agent that
would retain the unique â€œtrappingâ€•behavior observed
with 9-THDA. The nonradioactive tellurium heteroatom
would produce the prolonged myocardial retention, and
the favorable radionuclidic properties of iodine-i23 could
then be used for imaging studies and regional measure
ments of fatty-acid metabolism. The terminal position
was chosen for introduction of the radioiodine because
studies with 9-tellura-[l0-'4C]heptadecanoic acid in
dicated that this region of the molecule was retained in
the myocardium (16). A synthesis of radioiodinated
I 7-iodo-9-telluraheptadecanoic acid was developed and

the product showed myocardial specificity but suffered
rapid in vivo deiodination (17).

Studies have shown the pronounced and prolonged
myocardial uptake of 15@phenyl@6@[I23mTe]tellurapen@
tadecanoic acid, demonstrating that the presence of the
terminal phenyl moiety does not interfere with the

unique properties observed with 9-THDA (18). The

goals of the present studies were to develop a synthesis

of a model radioiodinated tellurium fatty acid in which
the iodine atom is stabilized by attachment to the para
position of a phenyl ring, and to evaluate the distribution
of this new agent in rats.

MATERIALS AND METHODS

General.The I-i 25 wasobtainedcommercially.All
solvents and chemicals were analytical grade and were
used without further purification. Column chromatog
raphy was performed with silicic acid (60â€”200mesh).

Thin-layer chromatographic analyses (TLC) used pre
coated silica gel PF-254 plates.Â°The synthesis and
chromatographic procedures were conducted under red
light to minimize photochemically induced oxidation of
the tellurium compounds.

Tissue distribution studies. The distribution of the
radiolabeled fatty acid was evaluated in 160- to 180-g
female Fischer 344 ratst that were allowed food and
water ad libitum. The fatty acid was dissolved in 200 @sl
of absolute ethanol and added dropwise to a stirred so
lution of delipidated 6% bovine serum albumin at 40Â°C.
After filtration through 0.22-micron Millipore filters,
the solution was administered to the rats by injection in
a lateral tail vein. The injected solution was 0.5 ml in
volume and contained 5-10 @Ciof the radiolabeled fatty
acid. Groups of four rats were killed after each time
period; they were anesthetized with ether, killed by
cervical dislocation, and blood samples were obtained
by cardiac puncture. Organs were removed, rinsed with
0.9% saline solution, blotted dry, weighed, and counted
in an autogamma counter. Distribution data are pre
sented as percent injected dose/g tissue (Table 1) and
percent injected dose/organ (Table 2). For excretion
studies, animals were housed in metabolism cages, and
urine and feces were collected daily.

Synthesis of unlabeled compounds. The synthesis of
15-p-(iodophenyl)-6-tellurapentadecanoic acid is shown
in Fig. 1. The unlabeled compounds (1 to 7) exhibited
properties consistent with the proposed structures by
chromatography, ir and uv spectroscopy, low- and
high-resolution spectrometry, and proton nuclear mag
netic resonance. The syntheses and physical and chem
ical properties of these compounds are described in detail
in another report (19).

TABLE1. DISTRIBUTIONOF RADIOACTIVITY(% INJECTEDDOSE/GOF TISSUE)IN RAT AT
VARIOUS TiMES AFTER INTRAVENOUS ADMINISTRATIONOF 15-(p-(1@OOOPHENYL)-6-

TELLURAPENTADECANOIC ACID

Heart 5.87
(5.30â€”6.45)

Blood 0.26
(0.24â€”0.27)

Lungs 1.14
(0.86â€”1.52)

Liver 9.57
(8.97â€”10.28)

Kidneys 1.02
(0.79â€”1.15)

Thyroid 1.52

5.43
(4.35â€”5.98)

0.45
(0.38â€”0.50)

1.25
(1.14â€”1.40)

7.78
(6.73â€”8.86)

1.25
(1.09â€”1.39)

1.51

5.55
(4.01â€”7.27)

0.34
(0.28â€”0.40)

1.48

(1.10â€”1.95)
7.69

(6.68â€”8.28)
1.41

(1.23â€”1.55)
1.48

5.85
(4.01â€”7.56)

0.42

(0.32â€”0.57)
1.57

(1.29â€”2.05)
8.38

(7.32â€”9.90)
1.37

(1.20â€”1.69)

3.51

4.78
(3.89â€”5.33)

0.31
(0.29â€”0.32)

1.10
(0.97â€”1.17)

8.37
(7.86â€”9.08)

1.12
(0.95â€”1.20)

5.89

3.25
(3.02â€”3.41)

0.20
(0.18â€”0.21)

0.89
(0.77â€”1.05)

6.24
(5.53â€”6.73)

0.70
(0.64â€”0.80)

22.78

0.94
(0.77â€”1.13)

0.03
(0.03â€”0.034)

0.33
(0.30â€”0.36)

1.28

(1.23â€”1.36)
0.20

(0.18â€”0.22)
30.25

(1.41â€”1.63) (0.83â€”2.21) (0.95â€”1.94) (1.91â€”4.42) (5.33â€”7.08) (18.15â€”27.13) (25.36â€”34.81)

. Mean and range values for four female Fischer rats. Other tIssues that were analyzed Include spleen, brain and Intestines.
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ether. Fractions 20 ml in volume were eluted with pe
troleum ether and aliquots were taken for counting and
TLC analysis. Fractions 14â€”20were combined to give
1.17 mCi (25%) of 1-chloro-9-(p-['25I]iodophenyl)-
nonane (1251..2)The product showed a single radioactive
component that co-chromatographed with unlabeled
1-chloro-9-(p-iodophenyl)nonane, Rf 0.70 (2% ether
petroleum ether).

Methyl-15-(p-['251]iodophenyl)-6-tellurapentadeca
noate('251-6). The orange-colored bis-(methylvaleryl)
ditelluride (compound 4, 48 mg, 0.10 millimole) was
reduced under argon at room temperature with excess
NaBH4 in ethanol (10 ml) to a colorless solution of so
dium (methylvaleryl)tellurol (compound 5). A solution
of l-chloro-9-(p- [â€˜2511-iodophenyl)nonane(1251..2;1.17
mCi, 0.0125 millimole) in ethanol (5 ml) was added
dropwise. The mixture was refluxed under argon for 1
hr. cooled in an ice bath, diluted with H2O, and extracted
three times with ether. The ether extracts were washed
with H2O, dried, and the solvent removed in the usual
manner. The product was chromatographed on a silicic
acid column (basic grade, 2 cm i.d.). Fractions 1 to 20
(20 ml each) were eluted with petroleum ether, and
fractions 21 to 30 with C6H6. Fractions 24â€”27were
combined to give 1.1 mCi (80%) of methyl-15-(p-
[125I]iodophenyl)-6-tellurapentadecanoate (â€2̃5I6).

Upon TLC analysis, the product showed a single radio
active component that co-chromatographed in C6H6
with unlabeled 6 (Rf 0.45).

15-(p-['25ljiodophenyl)-6-tellurapentadecanoic acid
(12517). The methyl ester (125I@6; 1.1 mCi, 0.04 milli

mole) was refluxed under argon for 30 mm in ethanol (6
ml) containing 2 ml of 1N NaOH (2 millimole). After
cooling, the solution was diluted with H2O, the pH ad

TIme after injection; Percent Injected @oseiorr (@â€˜a@@)@ d 5 d
Tissue 5mm 30mm 60mm 2h

C3)

H3COOC-(CH2)4â€”TefTe-)CH2)4- COOCH3

â€˜4)

\
I â€”4f@'-(CH2),--CI Ã· Noâ€”Te-)CH2)4â€”COOCH,

(2)@ (5)

I â€”(j-(CH2),â€”1eâ€”(CH2(4â€”COOCH,

(6)

I

I â€”?@@-- (CH2),- Te -)CH2(4â€”COOH

â€˜7)

FIG. 1. Synthesis of 15-(p-iodophenyl)-6-tellurapentadecanolc
acid.
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TABLE2. DISTRIBUTIONOF RADIOACTIVITY(% INJECTEDDOSE/ORGAN)OF RADIOACTIVITYIN
RAT AT VARIOUSTiMESAFTERINTRAVENOUSADMINISTRATIONOF 15-(p-[1@i]iODOPHENYL)-6-

TELLURAPENTADECANOICACID

Heart 2.98
(2.80â€”3.35)

Blood 2.00
(1.89â€”2.09)

Lungs 0.97
(0.74â€”1.30)

LIver 50.94
(46.13â€”55.20)

Kidneys 1.25
(0.95â€”1.44)

Thyroid 0.02
(0.02â€”0.02)

2.61
(2.19â€”2.91)

3.41
(2.65â€”3.93)

1.05
(0.97â€”1.04)

39.28
(34.11â€”43.16)

1.52
(1.42â€”1.63)

0.02
(0.01â€”0.02)

2.87
(2.09â€”3.80)

2.66
(2.24â€”3.24)

1.01
(0.85â€”1.16)

39.03
(34.62â€”41.81)

1.73
(1.47â€”1.97)

0.02
(0.01â€”0.02)

2.87
(2.60â€”3.48)

3.01
(2.33â€”3.99)

1.29
(1.12â€”1.67)

44.03

(41.59â€”47.61)
1.53

(1.37â€”1.80)
0.04

(0.02â€”0.05)

2.32
(1.66â€”2.65)

2.26
(2.23â€”2.31)

0.85
(0.73â€”0.94)

46.39
(43.86â€”49.26)

1.25
(1.09â€”1.38)

0.07
(0.06â€”0.09)

1.60
(1.40â€”1.73)

1.50
(1.37â€”1.62)

0.70
(0.58â€”0.85)

34.28
(32.02â€”37.42)

0.81
(0.74â€”0.87)

0.26
(0.22â€”0.30)

0.45
(0.38â€”0.52)

0.23
(0.22â€”0.25)

0.24
(0.22â€”0.26)

6.46
(6.00â€”6.84)

0.23
(0.21â€”0.27)

0.32
(0.28â€”0.35)

. Mean and range values for four female Fischer rats. Other tissues that were analyzed Include spleen, braIn and Intestines.

Synthesis of radiolabeled compounds. The numbering
system for the radiolabeled compounds described in this
section (125I2, -6, and -7) refer to the structures shown
inFig.L

I@Ch1oro@9@(p@(lThIJiodophenyI)nonane(â€˜@I-2).The
triazene intermediate (compound 1, 20 mg, 0.06 milli
mole) was dissolved in acetone (2 ml) and added drop
wise to a mixture of trifluoroacetic acid (70 mg, 0.6
millimole) and sodium [â€˜25I]iodide(4.68 mCi, 7.5 mg,
0.05 millimole) stirred at 0â€”5Â°C.The mixture was
stirred for 5 mm at 0-5Â°C, diluted with H2O, and cx

tracted three times with ether. The combined ether cx
tracts were washed thoroughly with water, dried over
anhydrous Na2SO4, and the solvent removed under a
stream of argon. The resulting oily residue was dissolved
in 2 ml of petroleum ether and applied to a silicic acid
column (acidic grade, 2 cm i.d.) slurried in petroleum

CNâ€”N=N--'(J--(CH,),-CI

Na2Te2+ Br-(CH2)4â€”COOCH3

I
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illustrate that the terminal p-iodophenyl moiety does not
interfere with the myocardial specificity observed with
similar agents. After 6 hr the heart retained 80% of the
maximum uptake observed after 5 mm (Table 1). The
radioactivity in the heart retained 55% of the maximal
value after 24 hr. The mean heart-to-blood ratios were
22:1 at 5 mm and 17:1 at 2 hr. Only marginal radioac
tivity accumulated in the thyroid tissue; 1.52% dose/g

after 5 mm and 5.84% dose/g after 6 hr. The minimal
thyroid radioactivity (Table 1) and low blood levels
demonstrate that the attachment of the radioiodine to
the phenyl ring is an effective means of stabilizing the
iodine and overcoming facile in vivo cleavage.

The rats used in the study were housed in metabolism
cages and liquid and solid wastes were collected daily
after injection of 15-(p-['251]-iodophenyl)-6-tellura
pentadecanoic acid to determine the biological half-life
of this new agent and its relative excretion in urine and
feces. These studies were conducted over a 5-day period,
which represents a decay period of 9 half-lives for 13.2-hr
iodine-i23. The cumulative excretion levels in urine and
feces were 43.2 Â±1.8% injected dose after 2 days and
71.6 Â±8.3% after 5 days. The radioactive content of the
urine (20.8 Â±2.1%) and feces (22.4 Â±1.1%) were similar
after 2 days, but after five days the cumulative fecal
activity (41 .4 Â±4.3%) was greater than that for urine
(30.5 Â±4.0%).

The pronounced heart uptake, minimal deiodination,
rapid blood clearance, and prolonged myocardial re
tention of I5-(p- [I25I]iodophenyl)-6-tellurapentade
canoic acid suggest that the â€˜23I-labeledanalog is an
attractive agent with which to evaluate myocardial
perfusion. Radioiodinated 15-(p-iodophenyl)-6-tellu

rapentadecanoic acid is currently being evaluated in
normal dogs and dogs with partial coronary artery li
gation to determine the extraction values and relative
washout properties in normal and ischemic tissue. In
these studies the radioiodinated fatty acid will be com

pared with thallium-20i as a myocardial perfusion
agent. In addition, the correlation of uptake and reten
tion of the fatty acid with regional fatty-acid metabolism
will be assessed.

FOOTNOTES

* Analtech, Inc.

t Fischer rats, ORNL Biology Division Breeding Colony.
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New EnglandChapterAnnualMeeting
Societyof NuclearMedicine

October 22-24, 1982 Sheraton-Islander Inn Newport, Rhode Island

The New England Chapter's Annual Meeting is geared to all general radiologists and nuclear medicine physicians,
technologists, and other practitioners interested in nuclear medicine.An important refinementof cardiac imaging
has beenthe developmentof practical meansfor quantification. Thesemeanswill bediscussedin detail the first day
of the meeting. The evening will be devoted to an intensive review of practical and interesting clinical cases. The morn
ing of the second day will be devoted to new procedures and techniques of practical importance in clinical nuclear
medicine; the afternoon program will include special sessionsfor technologists. The fifth annual Blumgart Award
ceremonywill take placeat the specialmid-day banquet.Recipientthis year is Dr. H.William Strauss,Dir. of Nuclear
Medicine at Massachusetts General Hospital in Boston. Several medical centers in the United States have gained ex
perience with the researchand clinical capabilities of nuclear magnetic resonance.A symposium chaired by Dr.
ThomasBrady of MassachusettsGeneralHospital will conclude this three-day meeting.Augmentingthe formal in
structions will be exhibits of technical equipment by a variety of manufacturers.

The distinguishedfacultywill include Drs. Charles Boucher, Thomas Brady, Louis Bravaman, Fernando Buounanno,
John Clements, Leonard Holman, Bertram Pitt, Ian Pykatt, Peter Schneider, Richard Spencer, William Strauss, Franz
Wackers, and Alan Waxman.

The program is approved for AMA Category I: 12hr. Tuition is $60 for physicians who are members of the Society of
Nuclear Medicine; $125 for nonmember physicians; $35 for technologists. Tuition will include dinner, lunch, and
refreshments at breaks.

For further information contact:

EducationalResourcesAssociates,Inc.
P.O.Box369

Brookline, MA 02146
Tel: (617)738-8859or8861




