
I 23ljiodoamphetamine (IMP) has a

number of attributes that make it an attractive choice
for cerebral, perfusion imaging (1 ,2). After intravenous
injection it is lipÃ³philic,passing efficiently into the cc
rebral parenchyma. Once inside the brain, it is either
bound to nonspecific sites or is converted to a metabolite
that is retained in the brain. Washout from the brain is
slow, permitting substantial time for static imaging of
cerebral perfusion. Its initial distribution is proportional
to cerebral blood flow over a wide range of flows (3). The
tracer has been coupled with emission computed to
mography to evaluate patients with a wide range of
neurologic disorders, including cerebral vascular disease
and epilepsy (4â€”9).
. Eye uptake has been noted incidentally in a number

of animal models (2,10). Since eye uptake would sig
nificantly affect patient radiation dose, we have studied
this phenomenon in a number of animal and cell models
as well as in human volunteers. Our purpose was to de
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termine the cause of the eye uptake in these animals, to
establish its relationship to melanin synthesis, and to
determine the degree of uptake in humans.

METHODS

N-isopropyl-p-[1- I23]iodoamphetamine (I- I23 IMP)
was prepared commercialby* using a technique previ
ously described (3,4). Radiochemical purity was checked
with thin-layer chromatography using silica gel-60 plates
with methanol chloroform/glacial acetic acid, (I 5:85:1,
v/v/v) as ebuent. Specific activity of the I- I23 IMP was
I 0 mCi/mg. The proportion of iodine- I 24 present was
checked by counting the radiotracer with a Ge(Li) de
tector and multichannel analyzer.

A I-yr-old female Macacafascicularis (cynomolgus
monkey) was studied to determine the effect of anes
thesia and Lugol's solution on eye uptake. During the
first phase of the study, anesthesia was maintained with
intraperitoneal pentobarbital (62.5 mg on Day I and 40
mg on Day 2). After the animal was anesthetized, I mCi
(0.1 mg) 1-123 IMP was injected intravenously. Sixty
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have Investigatedthe causeof the eye uptakeand its relationshipto melaninsyn
thesis. In a 1-yr-old cynomoigusmonkey, high concentrationof the tracer was
seenin the eyesregardlessof the type of anesthesia(pentobarbitalor ketamine)
orthe oraladministrationof Lugol'ssolution.Theeye uptakeat 24 hrafter injection
of 1-123IMPwasequallyhighinan 8-yr-oldrhesusmonkey.Theratioof radioactlv
ity in the eye of black comparedwith white albinomice was 10:1 at 30 mm, 18:1
at 2 hrafld 36:1 at 24 hr after Injectionof I- 123 IMP. Noeye uptakeabovesoft-tis
suebackgroundwasseenin five patientsat 2, 24, and48 hr.after injection.1-123
IMP is avidly Incorporatedintomelanocytesactively producingmelanin,but sub
stantlally leSs In melanocytes where production of melanin has ceased as in the
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minutes later, anterior and lateral images of the head
were obtained using a large-field-of-view Anger camera
with a medium-energy collimator. The pulse-height
analyzer was peaked symmetrically over the I 59-keV
photopeak of 1-123 using a 15% energy window. One
million counts were acquired in each projection, col
lecting and storing the data on a special-purpose digital
computer. Twenty-four hours later, the animal was
reanesthetized and imaging was repeated in the three
projections, collecting 100,000 counts per image. One
week later, the second phase of the study was performed
using ketamine as the anesthetic and using the intra
muscular route for its administration (1 10 mg on Day
I and 60 mg on Day 2). Following anesthesia, imaging
was performed as described above. One week later, the
third phase of the study was performed after pretreating

the animal with Lugol's solution and again using pen
tobarbital as the anesthetic (60 mg on Day I and 20 mg
on Day 2). Imaging was performed as described above.
For data acquired during all phases of the study, regions

of interest were drawn manually over the eye and the
brain on the 60-mm and 24-hr lateral images. Counts/

mm-pixel were compared for the brain and the eye on the
60-mm and 24-hr images.

The study was repeated using a male Macaca mulatta
(rhesus) monkey, 8 yr old, to determine the effect of age
and species on the eye uptake. Intramuscular ketamine
was used to induce anesthesia, 300 mg on Day 1 and 200

mg on Day 2. The eye-to-brain ratio for activity/pixel
mCi was determined from the 60-mm and 24-hr im
ages.

To determine the chemical form of the radiotracer
after eye uptake, we used 1-125 IMP. The specific ac
tivity was 6.3 mCi/mg and the purity was greater than
99%. Twenty-four hours after intravenous injection of
I 3.0 mCi I-I 25 IMP, the monkey (M.fascicularis) was

killed. The left eye and the pigmented layer ofthe right
eye (choroid, pigmented epithebium, and retina) were
homogenized separately with a ground-glass homoge
nizer in the presence of I N NaOH. Each sample was
extracted with ethyl ether until no more activity could
be extracted. The ether layer was separated and acidified
with 0.3 N HCI and the activity extracted into the HCI

layer; this was then basified with sodium hydroxide and
the activity extracted back to ether. About 50 jzg of un
labeled IMP and p-iodoamphetamine were added to the
final ether extract. After the solvent was reduced to 0.5
ml by N2 purging, the extracted radioactivity was ana
lyzed by TLC on silica gel with methanol:chboroform:
glacial acetic acid ( I 5:85: 1) as solvent.

To determine the relationship between melanocyte
concentration and I- 123 1MP eye uptake, CD-b albino
Swiss mice and C-57 black mice were injected intrave
nously with 1-123 IMP. Six albino and six b!ack mice
were killed at the following times after injection: 30 mm,
I , 4, and 24 hr. The eyes, skin/fur and brain were cx

cised, weighed, and counted in a gamma well counter.
The percent injected dose per gram was determined for
each of the tissues and the ratio between tracer concen
tration in black and albino mice was determined.

The origin and maintenance of the 5-9 1 murine mel
anoma cells used in this study have been described (11).
Briefly, the cells were maintained in McCoy's SA me
dium supplemented with I0% fetal calf serum, gluta
mine, and antibiotics. For each experiment, cells were
inoculated at 0.5 X 106cells/per 35-mm petri dish and
incubated at 37Â°Cor at 4Â°Cfor 48 hr. Following incu
bation, the cells were washed, and I00 jzl of I- 123 1M P
was added. Fol1ow@ngexposure, the medium was re
moved and the plates were washed three times with
phosphate-buffered saline. The cells were removed me
chanically and centrifuged at 500 g for I 5 mm. The su
pernatant was discarded, and the radioactivity in the cell
pellet determined.

Five Caucasian human volunteers ranging in age from
I 8 to 40 were studied for eye uptake. These patients

varied in eye color (blue 2, brown 2, hazel 1). They re
ceived between 2 and 6 mCi of 1-123 IMP intravenously
3 hr after oral administration of Lugol's solution.

Imaging was performed at 2, 24, and 48 hr after injec
tion. Images were obtained with an Anger camera in the
anterior and lateral projections for 300,000 counts using
a 20% window bracketing the 159-keV photopeak of
I-I 23 and data stored on a computer. Using an electronic
cursor, areas of interest were drawn around the region
of the brain, the eyes, and the facial background to de
termine the counts/pixel in these structures.

RESULTS

Images obtained 60 mm after injection of I- I23 IMP
in both the rhesus and cynomolgus monkeys showed
uptake primarily in the brain, lungs, and liver. After 24
hr, uptake was distributed more evenly throughout the
body, but with particular concentration in the eyes and
thyroid. The images were similar with pentobarbital,
ketamine, and pentobarbital plus Logol's solution, except
that thyroid activity was reduced after Lugol's solution
(Fig. 1). The ratios between the count rate/pixel-mCi
in the regions of interest overlying the eye and the brain
were also similar at 24 hr (Table I).

Fifty-seven percent of the activity in the eye and eye
pigment of the macaque killed 24 hr after intravenous
injection of 1-125 IMP was in the form p-iodoamphe
tamine. Unaltered N-isopropyl p-iodoamphetamine
accounted for 37% and 35% of the activity in the whole
eye and eye pigments, respectively. About 1%to 2% of
the activity was left in each extraction step, and it re
mained unidentified. The 1-123 IMP concentration was
higher in the eyes of the pigmented (black) mice corn
pared with the nonpigmented (albino) mice at all time
points (Table 2). The ratio between the concentration
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TABLE 3. TIME COURSE OF 1-123 IMP
UPTAKEINTOMOUSEMELANOMACELLS IN

CULTURE

0 5mm 15mm 30mm 45mm

Pigmented 42% 76%
Nonpigmented 51% 71%

88% 93% 100%
83% 84% 100%

There was greater uptake of 1-123 IMP into both the
Cboudman heavily pigmented and the hypopigmented
mouse melanoma cells, relative to nonmelanocyte control
CHO cells (Chinese hamster ovary). The small degree
of uptake in the B line parallels the small residual degree
of melanizationremainingin thesecells(12). The ratio
was substantially higher for pigmented cells (13.25:1)
compared with the hypopigmented (4.1 :1). The time
course for uptake of I- 123 IMP into mouse melanoma
cells was rapid for both murine lines (Table 3). Tem

perature variation had a minimal effect upon uptake.
Incubating the cells at 4Â°C rather than 37Â°C reduced
uptake from 28.9 to 16.9K counts/106 pigmented cells,
and from 6.6 to 4.0K counts/l0@ hypopigmented cells.
These results suggest that the mechanism of uptake is

relatively independent of energy or enzyme require
ments.

In the five human studies, no eye uptake could be
observed in concentrations above soft-tissue background
at 2, 24, and 48 hr after injection. The ratio between the
counts per pixel over the eye and over the soft-tissue
background averaged 0.94 at 24 hr (range 0.9-1 .0) and
0.95 at 48 hr (range 0.9â€”1.0)).

DISCUSSION

1-123 IMP has been reported to concentrate avidly in
the pigmented portion of the eye in dogs, rodents, and
monkeys anesthetized with pentobarbital (2,10), but not
in monkeys anesthetized with ketamine (2) or in man
(13). In the cynomolgus monkey anesthetized with

pentobarbital, we have previously shown that the con
centration of 1-123 IMP steadily increases in the eye
until reaching maximum activity (0.2% of the injected
dose) at 24 hr after injection, and falling slowly there
after (10). Sixty-five percent of the activity is in the
pigmented tissue specimen (retina, choroid, and epi

FIG.1. Uptakesof 1-123IMPat 60 mmand24hr after injection.Note
eye uptake at 24 hr in all cases (arrow).

of tracer in the pigmented and nonpigmented mice was
iO:iat30mm afterinjection,18:1at2hrs,and26:1at
24 hr. The greater concentration of the tracer in skin/fur
in the black mice was less dramatic than in the eyes.
There was no significant difference in the concentration
in the brain between the albino and black mice.

TABLE1. RATIOOF EYE-TO-BRAINACTIVITY
PER PIXELDETERMINEDFROMANGER

CAMERADATA

Macacafascicularls
(cynomolgus)(1 yr old)
i.p.pentobarbital
i.m. ketamine
l.p. pontobarbital + Lugors
Macacamulatta
(rhesus)(8 yr old)
i.m.ketamlne

3.1:1 1.1:1
2.2 1.3
2.3 1.3

2.8 1.3

TABLE2. PERCENTINJECTEDDOSEPER GRAMOF 1-123IMP IN ALBINO(A) COMPAREDWITh
BLACK (B) MICE (Â±s.e.m.) (n = 6 FOR EACH GROUP)

Eye
Skin/fur
Brain

1.0Â±0.7

1.2 Â±0.1
7.4 Â±0.7

20 Â±5

4.3 Â±2.6
10 Â±1

1.7 Â±0.4
1.2 Â±0.2

7 * 0.6

13Â±4
1.9 Â±0.9

9Â±1

1.7Â±9 20Â±3
1.6Â±0.8 2.0Â±7

4Â±1 5Â±0.5

0.6 Â±2
0.2 Â±0.1

0.3 Â±0.2

20 Â±3

1.0 Â±0.7
0.4Â±0.1
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thelial pigment), with 20% in the optic nerve and 15% in
thesclera.

In this study, we show that the eye uptake of 1-123
IMP is not affected by the type of anesthesia or by the
age or species of the monkey. Avid eye uptake was ob
served 24 hr after injection with either ketamine or
pentobarbital anesthesia, and in the young cynomolgus
monkey as well as the older rhesus monkey. The form of
the tracer fixed to the eye 24 hr after injection is almost
exclusively N-isopropyl p-iodoamphetamine and p
iodoamphetamine. We cannot tell from this study
whether the former is dealkylated in the eye or else
where.

The high concentration of 1-123 IMP in the eyes of
most animal species is most likely due to a marked af
finity of this tracer for melanin, with slow release from
pigmented tissues. Our observations of a markedly
greater concentration of the tracer in black relative to
albino mice mirror the findings seen with chloroquine
analogs, which have been used successfully in the diag
nosis and treatment of occubar and dermal melanomas
(14,15). Like the chloroquine analogs, there is a signif

icantly greater concentration in pigmented compared
with nonpigmented melanomas.

A number of receptor-specific radioligands, including
C-I l nicotine and C-I I etorphine, are avidly sequestered
in the eyes of baboons and are retained there bong after
activity in the brain has cleared (16). While uptake of
all of these tracers could be explained by receptor bind
ing, with higher concentrations of receptor sites in
heavily pigmented animals, it is more likely that 1-123
IMP uptake is due to nonspecific binding of melanin,
since I- I 23 IM P is not observed in the pigmented eyes
ofthe humans we studied. 1-123 IMP is not directly in
volved in the synthetic pathway of melanin, since its
uptake is not blocked when synthesis of melanin is
blocked.

The most interesting question raised by our studies is
the failure to observe significant concentrations of I-i 23
IMP in the human eye. Until recently it has been as
sumed that melanin synthesis ceases by birth or shortly
thereafter in most animal species (1 7). Several recent
studies have brought this hypothesis into question
(17,18). For example,cysteinyldopahasbeenobserved
in the mature bovine eye (18). Cysteinyldopa is thought
to be a specific marker of melanin turnover, and its
presence is indicative of active melanin synthesis in the
adult eye. Active melanin synthesis would explain I-I 23
IMP uptake in monkey and rodent eyes. The absence of
I- 123 IMP uptake in our human subjects' eyes raises the
interesting hypothesis that, unlike all pigmented animal
species up to and including the monkey, melanin syn
thesis does not occur in the adult Caucasian eye. Our
studies need to be extended to other races and to the
pediatric age group before a generalized statement can
be made concerning uptake and retention in the human

eye.
The difference in 1-123 IMP concentration in the

human and in the monkey eye means that caution must
be used in extrapolating radiation doses to the human eye
from animal data. While the biodistribution data derived
from animal data are accurate because in vitro methods
can be used for radioassay, significant species variabil
ityâ€”evenwhen primates are usedâ€”may lead to sub
stantial errors in dosimetry estimates that predict po
tential clinical applications in the human.

The marked avidity of 1-123 IMP for pigmented
melanoma cells suggests that this tracer may be a pref
erable alternative to labeled chloroquines for the diag
nosis and evaluation of occular and dermal melanomas,
although with some of the same limitations. Detection
of metastases in the lungs and liver may be difficult due
to high concentrations of the tracer in these organs.
Nonpigmented and necrotic metastatic foci may be
difficult to visualize because of lower concentrations of
th@ tracer. Nevertheless, the future commercial avail

ability of I- I 23 IMP for cerebral perfusion studies should
provide sufficient reason to explore its potential for the
detection and evaluation of melanoma. Finally, with the
advent of chemotherapy directed at the pigmented
phenotype, it may become even more important to de
vebopradiologic techniques to assess the degree of dif
ferentiation (19).

FOOTNOTE

* Medi-Physics, Incorporated, Emeryville, CA.
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The Central Chapter of the Society of Nuclear Medicine will hold its Annual Spring Meeting April 5â€”7,1984at the Adams
Mark Hotel in Indianapolis, Indiana.

The pm9ram is entitled â€œCardio-Pulmonary:Current Diagnostic Techniquesâ€•and will provide 17hours of Category I CME
credit. VOICE credit will be available for technologists.

The facultywillinclude Drs. PhilipAlderson, Richard Brashear, guest lecturers; and the followingdistinguished lecturers
fromthe CentralChapter:Mr.RobertAnger,Drs.CarlosBekerman,ManuelBrown,JamesCarey,J. VinnoyFarris,John
Freitas, Robert Henkin, Roger Hurwitz, Ervin Kaplan, Eugene Klatte, Suzanne Knoebel, Merle Loken, F.Michael Mullinix,
Dan Pavel, Robert Polcyn, James Ryan, Henry Wellman, and Michael Zimmer. Commercial exhibits will be open April
5 and 6. Registration begins at 3:00 p.m., April 5.

Physicians,scientists,andtechnologistsareencouragedto submitabstracts.Prizesof $250will be awardedfor the best
resident/basicscientisttraineeand technologistabstracts.

A new feature this year will be the opportunity for presentation of â€œTechTipsâ€•in the program. Technologists may submit
brief(lessthan 100words)descriptionsof improvedor â€œneatâ€•methodsfor performanceof nuclearmedicineprocedures
(withemphasison cardio-pulmonary).Thesewill be judged,publishedin the program,and a $50 prizewill be awarded
for the best â€œTechTip!'

Abstracts and/or Tech Tips must be prepared in final form for direct photoreproduction on the official abstract form. For
forms and additional information contact:

Deborah A. Churan, Executive Director
Central Chapter, SNM
134LincolnParkway

Crystal Lake, IL 60014
Tel: (815)459.6884

DeadlineforsubmissionofabstractsisMarch7,1984.
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