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The iodinated O-methylated catecholamine congener, 4-iodo-2,5-dimeth-
oxyphenylisopropylamine (4-1-DPIA), has potential as a new agent for
imaging and metabolic studies of the brain and lung. The organ distribu-
tion and brain uptake of radioiodine-labeled 4-1-DPIA were studied in the
dog and monkey by whole-body scanning, gamma-camera scintigraphy, and
organ assay. The brain takes up 2% of the injected dose, with a half-time of
8 sec in the monkey, and the lung takes up 11.8%. An unusual finding was
a concentration in the retina, five times that in any other CNS tissue.
4-1-DPIA may have potential in the imaging of normal brain tissues and
thereby delineating nonfunctional areas damaged by infarction, trauma,
or malignancy, and may also be useful in metabolic studies of catecholamine
function. Adequate radioactivity can theoretically be administered with a
quantity of 4-1-DPIA Y900 of the pharmacologically active levels. The
agent may also find application in lung imaging because of the high pul-

monary uptake.
J Nucl Med 19: 71-76, 1978

In previous studies a psychodysleptic compound,
4-%?Br-2, 5-dimethoxyphenylisopropylamine (4-Br-
DPIA, Fig. le), was found to concentrate in brain
(1), and it was suggested that this compound might
find use in clinical nuclear medicine (2). The avail-
able isotopes of bromine, however, emit high-energy
gamma photons that are difficult to collimate, so we
decided to investigate the iodine analog of this cate-
cholamine congener, 4-iodo-2, S-dimethoxyphenyl-
isopropylamine (4-I-DPIA, Fig. 1f). It is given the
acronym 4-I-DPIA, in reference to the compound
upon which it is based, 2,4,5-trimethoxyphenyliso-
propylamine (TMA-2, Fig. 1c), in which the 4 sub-
stitution position has lost an oxygen atom and gained
an iodine atom. We have also developed a rapid syn-
thetic method appropriate for use with I-123, this
being a more suitable isotope than I-131 because of
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the 50-fold improvement in the ratio of useful
gammas to tissue radiation dose.

4-1-DPIA is of interest for two reasons.

1. It is the first clinically useful agent that concen-
trates in normal brain tissue. 4-Br-DPIA concentrates
in brain, but the gamma emission of readily available
bromine isotopes is of too high an energy for good
resolution. Diphenylhydantoin also concentrates in
brain and has been labeled with Carbon-11, but the
20-min half-life and the requisite rapid synthetic
chemistry limit potential usefulness to laboratories in
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FIG. 1. structural formulae of 4-1-DPIA and related catechola-
mine congeners, showing structural similarities.

close proximity to a cyclotron and an organic hot lab.
4-1-DPIA could readily be made with either I-131
or I-123 by radiopharmaceutical laboratories and
shipped for use.

2. 4-I-DPIA is structurally related to dopamine
(Fig. 1a), 6-hydroxydopamine (Fig. 1d), ampheta-
mine, and psychotomimetic agents such as mescaline
(Fig. 1b) and TMA-2 (Fig. 1c), all of which have
been associated with a postulated metabolic basis for
schizophrenia (3). As we shall show in this report,
4-1-DPIA concentrates in the retina, which suggests
retinal involvement in hallucinogenesis. Study of the
in-vivo kinetics of this and related compounds may
provide insight into the metabolic basis of brain dis-
orders that have been associated with the catechol-
amine neurotransmitters.

METHODS
The synthesis of [*3!I] 4-I-DPIA was achieved in
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three steps from 2,5-dimethoxy phenylisopropylamine
(4). This base was converted to the phthalimide
derivative by interaction with an equivalent quantity
of phthalic anhyride in refluxing toluene. The iso-
lated imide reacted readily in acetic acid with I-131
monochloride, which was generated by exchange of
I-131 ion with nonradioactive ICl, to form the iodi-
nated intermediate N-[2-(2,5-dimethoxy-4-iodo-
phenyl)-1-methylethyl]-phthalimide. This was cleaved
to 4-I-DPIA without isolation using hydrazine hydrate
in ethanol. The overall yield was 43%. This synthetic
route was suitable for I-131, but in order to use 13-hr
I-123, modifications were made in the synthesis to
reduce the total synthesis time to less than 4 hr (5).
An especially pure form of I-123, free of contami-
nating iodine isotopes, was obtained from the Crocker
Nuclear Laboratory of the University of California
at Davis. Radionuclide dosages were measured with
a radionuclide calibrator.

Two female beagle dogs under pentobarbital anes-
thesia (12.5 kg each) were injected intravenously
with [131] 4-I-DPIA, specific activity 5.9 mCi/mM.
Both animals were studied by repeated scans on the
Anger Mark 2 whole-body scanner (6) which has
been digitized (7). Dog 1 was prepared for axial
tomography 4 hr after injection, and Dog 2 was killed
(Euthanol) for organ analysis after 3 hr. Organ dis-
tribution studies were done with the whole-body
scanner.

Transverse image sections of the head of Dog 1
were generated from multiple views by data reduc-
tion, using the Anger camera. The animal was placed
in a styrofoam holder and rotated to 36 views. The
data for each view were digitized on 64 X 64 frames,
and each frame corresponding to various levels in the
animal was used as the input projection for trans-
verse-section reconstructions. An iterative least-
squares algorithm was used for reconstruction with
an attenuation compensation technique that assumes
a uniform attenuation coefficient (8).

Excised organs from the dog were counted by

FIG. 2. Whole-body scans of Dog 1 at
indicated times after injection of [*I]
4-1-DPIA.
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FIG. 3. scintillation-camera pictures of head of Dog 1. The
2%- and 72-hr pictures were taken with 11-in.-crystal camera with
medium-energy collimator, 6-hr pictures (lateral and vertex views)
were taken with 14-in.-crystal camera and medium-energy collimator
used for tomographic reconstruction.

three different methods. First, the major organs were
laid out on the whole-body scanner and counts ob-
tained by designating areas of interest corresponding
to the various organs. Samples from these organs
(particularly of the brain) and all of the small organs
were then placed in tared vials for counting in a well
scintillation counter to obtain cpm/gm of the
weighed tissue. From these data and an aliquoted
standard referred to the injected dose, measured in
the radionuclide calibrator, we determined the per-
centage of the injected dose/gm tissue. While the
large-organ analysis is not as accurate as homogeniz-
ing each organ and counting weighed aliquots, it pro-
vides a simple and reasonably accurate estimate of
whole-organ content. The data from the well counter
are more reliable because the tissue path length is
small and fairly uniform and the counting efficiency
is high. The brain was removed from the calvarium
and sliced into transverse sections approximately 1
cm thick for imaging with the scintillation camera.

Under pentobarbital anesthesia, a 7.5 kg male
Bonnet monkey (Macaca radiata) was injected with
3.5 mCi [*23]]-4-DPIA with his head under a scin-
tillation camera for determination of the kinetics of
brain uptake, using a digitized computer system (7).
Subsequent to the uptake measurement, scintiphotos
were made from a variety of aspects.

RESULTS

Sequential scans of Dog 1, injected with 1.5 mCi
of [131]] 4-I-DPIA, are shown in Fig. 2. The relative
organ distribution was found to be stable within 5
min of the injection (the time of the first scan), and
did not change appreciably, except for accumulation
in the brain, over the succeeding 7 hr. The primary
accumulation is in the area of the liver and lungs,
with lesser concentration in brain. Activity at the
injection site was less than 3.5% of the total, and
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the activity seen in the hind quarters at 72 hr is due
to external contamination from urine. A small amount
of activity is in the thyroid at that time.

Scintillation-camera views of Dog 1 are shown in
Fig. 3. At 2% hr, activity is seen to be concentrated
in brain; at 6 hr some activity is seen also in the
thyroid in both the laterial and vertex views. At 72
hr there is virtually no activity remaining in brain,
but the eyes, thyroid, and parotid glands all contain
the tracer.

Four hours after injection, the rotational viewing
of the head of Dog 1 was begun, to obtain data for
axial reconstruction tomography in order to evaluate
any preferential localization in the brain. Figure 4
shows the results of four reconstructions of successive

TRANSVERSE SECTIONS

FIG. 4. Computer.r

tructed tomographic images of Dog 1.
Left-hand column of pictures shows left lateral views of head with
position of tomographic slice indicated by intensified band. Right-
hand column shows top views of corresponding slices, with snout
pointing down.
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FIG. 5. Postmortem scans of carcass and various organs re-
moved from Dog 2 that were outlined as regions of interest for
counting.

horizontal sections of the brain. The area of the brain
shows a high concentration of activity compared with
the adjacent facial areas, especially the snout. No
areas of special concentration are seen within these
tomographic slices of the intact living brain. Some
concentration is seen at this time in the thyroid, and
the two lobes of the thyroid appear clearly in the
last section, indicating that any areas of comparable
separation and concentration within the brain would
have been differentiated had they occurred. The reso-
lution of the reconstructions is about 12 mm FWHM
9).

Dog 2 was killed after 3 hr, and the excised organs
were imaged with the scanner as shown in Fig. 5.
Table 1 shows the total activity in each organ, ex-

pressed as percentage of the administered dose, and
the concentration as percentage of the dose per gram
of tissue. Most of the activity was concentrated in
the liver and lungs, with about half of the dose re-
maining in the carcass. The lung had the highest
concentration in percentage dose/gram, but the most
striking concentration was in the retina at .098% of
the dose per gram—second only to the lung, and
twice as high as the liver. Scintillation-camera pic-
tures of the brain slices indicated that no brain area
was significantly higher than any other, and this was
confirmed by the tissue samples from various brain
areas measured in the well counter.

After administration of ['2%I] 4-I-DPIA in the
monkey, the rate of accumulation of I-123 in the
brain is rapid, with a half-time of 8 sec. As shown
in Fig. 6, the activity persists for hours. The scinti-
photos were taken at the times indicated by the up-
take curve. Later images, with different views, are
also shown.

DISCUSSION

The new radiopharmaceutical 4-iodo-2,5-dimeth-
oxyphenylisopropylamine, 4-I-DPIA, is of interest
not only as an agent for positive imaging of normal
brain, but also for studies of the mode of action of
psychodysleptic drugs and their relation to the meta-
bolic basis of schizophrenia.

The uptake of 4-I-DPIA in the brain of the
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FIG. 6. Brain uptake of 1-123 in

key after

dministration of [21] 4-1-DPIA (140-keV collimator). Uptake curve was obtained in

2-sec intervals from area of interest shown in inset. Early pictures are keyed to curve at time they were obtained.
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TABLE 1. ORGAN DISTRIBUTION OF I-131 AFTER
ADMINISTRATION OF [1311] 4-1-DPIA
IN THE DOG*
% dose % dose
Organ organ g
Scanner
Carcass 529
Gut 10.5
Lungs 11.8 0.134
Liver 187 0.048
Heart 1.1 0.012
Spleen 1.0 0.035
Kidneys 1.2 0.021
Brain 2.0 0.020
Eyes 0.2 0.014
Well counter
Retina (one) 0.026 0.098
Lacrimal glands 0.0026 0.0013
Adrenals 0.014 0.0052
Ovaries 0.0051 0.0018
Thyroids 0.0099 0.012
Pituitary 0.0005 0.011
Brain tissve:
caudate nucleus 0.0102
cerebellum, white matter 0.0080
cerebellum, grey matter 0.0109
hypothalamus 0.0089
olfactory and frontal region 0.0103
cerebral cortex, white matter 0.0118
* Obtained by analysis of data from whole-body scanner
and scintillation well counts of smaller organs and selected
samples of brain tissve.

monkey is complete 40 sec after injection. The dis-
tribution in the major organs of the dog is like that
found for the bromine congener in man (7); liver
and lung are the major organs of uptake, with 2%
of the dose appearing in brain.

The most unusual finding was the observation of
uptake of radioactivity in the eye. Dissection of the
retina away from the lacrimal glands and other eye
tissues showed clearly that the activity in the retina
was ten times that in the surrounding tissues. The
concentration of activity in the retina on a per-gram
basis was about five times that in other CNS tissues
and was exceeded only slightly by that of lung.
Activity was also seen in the thyroid and the parotid
glands. Iodide is known to be taken up by salivary
glands as well as the thyroid, but to our knowledge
it has never been found in the retina and does not
appear in the eyes on early or late I-131 or I-123
scans. Radioactivity was visible in the thyroid of the
monkey at 24 hr and in Dog 1 at 72 hr. Although
only .01% of the injected dose was present in the
thyroid of Dog 2 at 3 hr after injection, the late
appearance and long persistence in the other two
animals suggests that this activity represents free
iodide resulting from in-vivo metabolism of 4-I-
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DPIA. In a previous study, less than 5% dehalo-
genation occurred in-vivo with 4-Br-DPIA (1), and
it appears that deiodination occurs to an even lesser
extent with 4-I-DPIA. The uptake in the retina is
not so readily accounted for, and if it represents up-
take of the parent 4-I-DPIA molecule, it poses the
interesting possibility of a direct relationship between
retinal uptake and the visual perceptual disturbances
reported for some of the 4-substituted congeners of
4-1-DPIA (3,10).

The uptake in the lung removed from Dog 2 is
similar to that seen in man with the bromine con-
gener (1,2), but the lungs are not as easily visual-
ized in the dog. There has been some interest in the
uptake of amines by lung as a mechanism by which
the lungs may be imaged with radiopharmaceuticals
using carbon-11 aliphatic amines (11). If [*?*]] 4-I-
DPIA were found to concentrate suitably in lung for
such studies, it would provide a radiopharmaceutical
with an ideal gamma energy for scintigraphy and a
half-life allowing sufficient time for chemical syn-
thesis and delivery.

There has been interest recently in halogenated
dopamine analogs as adrenal-imaging agents (12),
but no brain or lung uptake was described for these
free phenolic dopamine analogs. 4-I-DPIA, a meth-
oxylated analog, has much lower adrenal/kidney and
adrenal/liver ratios, indicating that methoxylation
has ‘significantly altered the distribution with respect
to adrenal uptake.

We have demonstrated that brain is clearly de-
lineated with [***I] 4-I-DPIA in the monkey, and
that [13'I] 4-I-DPIA can be used to produce recon-
structed tomographic image sections. Iodine-123 used
in the same way would yield even better images. The
synthetic method used (5) is applicable to produc-
tion and purification by TLC of microgram quanti-
ties of 4-I-DPIA. The theoretical carrier-free specific
activity of ['?*I] 4-I-DPIA is 770 mCi/pugm, and the
pharmacologic dose is of the order of 500 ugm in
man, so it would be possible to use it as a scanning
agent at levels 1/10,000 of those at which psycho-
pharmacologic effects occur. [*2*I] 4-I-DPIA should
be able to demonstrate ischemic or damaged areas
of the brain and thus be useful in locating and meas-
uring the extent of trauma or infarction. It might also
find use as a lung-scanning agent. In addition, we
feel that a promising potential use of 4-I-DPIA is as
an agent for investigating tissue metabolism in the
brain.

ACKNOWLEDGMENTS

Natalia Kusobov, Brian Moyer, and Sandra Stoddard ren-
dered valuable technical support. Dr. Ulrich Braun’s research
was supported by the Deutsche Forschungsgemeinschaft. This
work was supported by the U.S. Energy Research and De-

75



SARGENT, BUDINGER, BRAUN, SHULGIN, AND BRAUN

velopment Administration (ERDA). With respect to all
contributions of ERDA and ERDA contractor (University
of California) employees, the U.S. Government is granted
a nonexclusive irrevocable, paid-up license in any copyright,
with the right to republish material authored by such ERDA
or ERDA-contractor employees.

REFERENCES

1. SARGENT T, KALBHEN DA, SHULGIN AT, et al: In vivo
human pharmacodynamics of the psychodysleptic 4-Br-2,5-
dimethoxyphenylisopropylamine labeled with *Br or ™Br.
Neuropharmacol 14: 165-174, 1975

2. SARGENT T, KALBHEN DA, SHULGIN AT, et al: A
potential new brain-scanning agent: 4-"Br-2,5-dimethoxy-
phenylisopropylamine (4-Br-DPIA). J Nucl Med 16: 243-
245, 1975

3. SHULGIN AT, SARGENT T, NARANJO C: Structure-
activity relationships of one-ring psychotomimetics. Nature
221: 537-541, 1969

4. BrRAUN U, SHULGIN AT, BRAUN G, et al: Synthesis and
body distribution of several '"I-labeled centrally acting
drugs. J Med Chem: in press

5. BRAUN G, SHULGIN AT, SARGENT III T: Synthesis
of *®I-labeled 4-iodo-2,5-dimethoxyphenylisopropylamine.

J Labelled Compd Radiopharm: in press

6. ANGER HO: The instruments of nuclear medicine. Hos-
pital Practice 7: 45-54, 1972

7. BuDINGER TF: Clinical and research quantitative nu-
clear medicine system. Symposium on Medical Radioisotope
Scintigraphy, Monte Carlo, 1972. Vol. 1. Vienna, IAEA,
501-555

8. BUDINGER TF, GULLBERG FT: Three-dimensional re-
construction in nuclear medicine emission imaging. IEEE
Trans Nucl Sci 21: 2-20, 1974

9. BUDINGER TF, DERENZO SE, GULLBERG GT, et al:
Emission computer assisted tomography with single-photon
and positron annihilation photon emitters. J Comput Assis
Tomo 1: 131-145, 1977

10. SNYDER SH, FAILLACE LA, WEINGARTNER H: DOM
(STP), a new hallucinogenic drug, and DOET: Effects in
normal subjects. Amer J Psychiat 125: 357-364, 1968

11. FOWLER JS, GALLAGHER BM, MACGREGOR RR, et al:
Carbon-11 labeled aliphatic amines in lung uptake and
metabolism studies: Potential for dynamic measurements in
vivo. J Pharm Exp Therap 198: 133-145, 1976

12. FOWLER JS, MACGREGOR RR, WOLF AP, et al: Radio-
pharmaceuticals. 16. Halogenated dopamine analogs. Syn-
thesis and radiolabeling of 6-iododopamine and tissue dis-
tribution studies in animals. J Med Chem 19: 356-360, 1976

SYMPOSIUM ON POSITRON-EMITTING RADIONUCLIDES
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The purpose of this symposium is to assess the present and future roles of positron-emitting
radionuclides and tomography in nuclear medicine and biomedical research. The following
topics will be discussed: Generation of positron-emitting radionuclides (cyclotrons and other
generators); positron-emitting radiopharmaceuticals, and their medical applications;
emission tomography (B8 and single photon); and financial aspects of the use of positron

emitters in medical centers.

The format of the meeting will consist of presentations by invited lecturers, proffered
~ papers, and group discussions. Time will be allotted for in-depth discussion from the floor.
Participation will be limited to facilitate exchange of ideas. Registration fee: $125.00.
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