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Biodistribution and Dosimetry of N-lsopropyl-p-[123l]lodoamphetamine in the
Primate
B. Leonard Holman, Robert E. Zimmerman, Jeffrey R. Schapiro, Michael L. Kaplan, Alun G. Jones, and Thomas C. Hill
Harvard Medical School, Boston, Massachusetts

The biodistribution of N-isopropyl-p-[123l]lodoamphetamine (1-123 IMP) in the
Macaca fasclcularls monkey was determined at 15 min and at 1, 4, 24, and 48 hr
after intravenous injection. Brain uptake was 7.8% of the injected dose at 1 hr,
with little change In concentration between 15 min and 1 hr, falling thereafter. Eye
uptake reached a maximum of 0.23% of injected dose at 24 hr, with activity pri
marily in the pigmented layers. The human absorbed radiation dose was calculated
on the basis of biodistribution data. The critical organ is the eye (0.407 rad/mCi of
1-123 IMP). The eye dose increased to 1.11 rad/mCi with 4% contamination from
1-124 IMP and to 0.535 rad/mCi with 0.4% contamination from 1-125 IMP. The ab
sorbed dose to the liver was 0.127 rad/mCi for pure 1-123 IMP and the thyroid dose
was 0.120 rad/mCi, both increasing with either 1-124 or 1-125 contamination. While
delayed eye uptake has not yet been reported in the human, care should be exer
cised in limiting the amount of contaminating 1-124 or 1-125 to the lowest practical
level.
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N-isopropyl-p-[l23I]iodoamphetamine (1-123 IMP)
has a number of attributes that make it an attractive
choice for cerebral perfusion imaging. It is lipophilic, and
after i.v. injection it passes efficiently into the cerebral
parenchyma (/). Once there, it is either bound to non
specific receptor sites or is converted to a nonlipophilic
metabolite (2). Washout from the brain is slow, per
mitting substantial time for static imaging of cerebral
perfusion (3,4). Its initial distribution is proportional to
cerebral blood flow over a wide range of flows (5). The
percent injected dose reaching the brain is between 7%
and 8% in man, enough to permit high-resolution tomographic or planar imaging (4). Initial trials in patients
with cerebral vascular disease and epilepsy have been
encouraging (3,6-8).
The success of 1-123 IMP as a measure of cerebral
perfusion will depend on its kinetics in the human system.
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The biodistribution of this tracer will determine the
length of time after injection that it reflects cerebral
blood flow, the dose of the radiotracer that can be safely
administered to patients, and the effect of uptake and
metabolism in other organs on the accuracy of cerebral
blood-flow measurements. In an effort to determine
accurately and quantitatively the biodistribution and
dosimetry of I-123 IMP in the highest-order animal in
which dissection and in vitro assay is possible, we studied
its biodistribution in the monkey Macaco fascicularis.
METHODS

Twelve healthy M. fascicularis monkeys, six of each
sex and 1-3 yr of age, were obtained commercially.* The
day after arrival, a fecal flotation analysis for internal
parasites gave negative results. After the 9-day quar
antine period, each animal was fasted overnight and
sedated with 25 mg/kg intraperitoneal pentobarbital
sodium, and baseline heart and respiratory rates, rectal
body temperatures, and body weights were obtained. The
range of body weights was 1.50-1.87 kg for females and
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1.60-1.88 kg for males. Blood samples were drawn at this
time for hematology and blood chemistry. One monkey
was eliminated from the study because of leukopenia and
eosinophilia. The remaining 11 animals used in the study
all had normal baseline hematology, blood chemistry,
and urinalysis values. The 1-123 IMP was obtained
commercially, with a specific activity of 14.3 mCi/mg
(0.07 mg I-123 IMP/mCi). Its radiochemical purity was
determined using silica gel-60 plates with methanol/
chloroform/glacial acetic acid (15:85:1, v/v/v) as eluent.
The amount of free iodine was less than 1% of the ra
dioactive iodine. The proportion of iodine-124 present
was determined in a multi-channel analyzer with a
Ge(Li) detector and was estimated at 5.22% at the time
of injection.
Before tracer injection, the monkeys were anesthetized
with pentobarbital sodium (25 mg/kg intraperitoneally).
Each animal was given a dose of I-123 IMP such that the
mass ratio (weight of test substance/weight
of animal)
corresponded to the human dosage level currently used
in clinical studies: 1.5 mg of N-isopropyl-p-iodoamphetamine per 70 kg (0.02 mg/kg).
Two of the monkeys (a male and a female) were
anesthetized and killed by intracardiac overdose of so
dium pentobarbital at each of the following times after
IMP administration: 15 min, and 1,4,24, and 48 hr. One
male monkey was killed at 5 days after 1-123 IMP.
The male monkeys killed at 1 and 24 hr after injection
were imaged within 30 min of death, using a largefield-of-view Anger camera with medium energy collimator. A 20% energy window was set symmetrically over
the 159-keV photopeak of 1-123. One million counts
were acquired in the anterior and left lateral projections
at 1 hr, and 100,000 counts in each projection at 24 hr.
Images were recorded in analog mode on Polaroid
film.
At necropsy, all major organs and tissues were re
moved, blotted, and weighed, with samples placed in
tared counting tubes. At the time of death, samples of
feces, blood, bile, and urine were placed in tared counting
tubes and their weights were determined. Each sample
was covered to a height of 3 cm with fluids: Bouin's so
lution for the testes and 10% neutral buffered formalin
for the others.
Both eyes were removed from each monkey and
weighed. One was placed in Zenker's solution for 48 hr,
then switched into 10% formalin. The vitreous humor
was aspirated from the other eye with a 20-gauge needle,
placed in another tube, and covered with Zenker's so
lution. The rest of the eye was placed in a counting tube
and covered with Zenker's solution. After samples from
the female monkey killed 24 hr after injection were
counted, the eye was dissected into lens, retina, cornea,
sclera, and optic nerve. The sample called "retina" in
cluded retina, pigmented epithelium, and choroid, with
~50% of the total thickness being retina.
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radioactivity in the samples was assayed in a
well counter. Two energy windows were used:
A was set for 100-200 keV to cover 1-123, and
B for 550-850 keV to cover 1-124. A series of

standards was also counted with each set of samples. The
stability of the counting system was checked against
cesium-137 during each count sequence.
For each sample and standard, the counts from both
channels were corrected for background activity, and the
counts in channel A were corrected to remove cross-over
from iodine-124. Counts in both channels were then
corrected for radioactive decay. Based on these final
figures and the weights obtained at necropsy, the biodistribution of 1-123 IMP was determined both in terms
of the percent injected per dose gram of tissue and per
cent injected dose per organ/tissue.
Calculations were performed separately for the io
dine-123 and iodine-124 counting data. The resulting
biodistributions did not differ significantly. Since the
channel B measurements required no correction for
crossover and gave better counting statistics for the an
imals killed at the later time points, the values derived
from the iodine-124 data were used for dosimetry cal
culations. It was noted that distribution was independent
of sex. Therefore, the biodistribution values used for
dosimetry calculations were obtained, when possible, by
averaging the data from both animals sacrificed at a
given time point.
Absorbed radiation doses to major body organs were
determined according to the MIRD (Medical Internal
Radiation Dose) Committee's schema for dosimetry
calculations (9-15). Dose calculations for the eye and
its substructures
were performed separately using
mathematical models of the eye (see Appendix) together
with polynomial approximation of the energy absorption
parameters of "scaled absorbed-dose"
introduced by
Berger (76,77).
RESULTS

The biodistribution of 1-123 IMP in the M.fascicularis monkey is presented in Table 1. The brain uptake
is prompt, with 5.3% of the injected dose reaching the
brain by 15 min and peak uptake (7.8%) at 1 hr. (Data
are presented in the text as average values obtained from
the male and female monkey at each time point, since
there was no significant sex difference.) There is a slight
fall in brain activity to 6.3% of the injected dose at 4 hr.
Most of the tracer has left the brain by 2 days. The ratio
of concentrations between gray and white matter was 2.4
at 15 min, similar at 1 hr (2.2), then fell to 1.8 at 4 hr, 0.6
at 1 day, and 0.5 at 2 days. In other words, the higher
concentration in the gray matter was essentially un
changed between 15 min and 1 hr, but had reversed by
Day 1, leaving higher concentrations in the white matter
than in gray.
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IODINE-1231M0.34615.898
BIODISTRIBUTION
OF
hrM0.0451.938 hrM0.0050.335
SexLiver

days
M0.0030.166

7.9840.2131.320
Right kidney

0.3501.910 0.1830.881 0.2531.141 0.1410.606 0.0890.4570.0190.106
0.0190.100
0.0040.017
0.0050.021
0.0020.009

Lett kidney

0.2171.327 0.3772.023 0.1840.946 0.2291.169 0.1500.669 0.0900.5260.0200.115
0.0170.097
0.0030.015
0.0050.020
0.0020.009

Spleen

0.1231.200 0.5201.852 0.2031.000 0.2011.072 0.1290.316 0.1230.4660.0210.139
0.0110.043
0.0030.016
0.0030.009
0.0020.012

PancreasRib

0.2560.777 0.5981.712 0.1990.595 0.2380.721 0.1880.732 0.1140.4040.0130.031
0.0090.031
0.0020.004
0.0040.007
0.0010.003

Tibia
Marrow
Uterus or
prostate
Right and left
gonads
Salivary glands
(2)
Right lachrymal
gland
Left lachrymal
gland
StomachSmall

0.026
0.006
0.027+

0.037
0.050
0.046
0.006
0.004
0.004
0.0270.113 0.0170.052 0.025

0.025
0.012
0.003
0.033
0.0160.107 0.403

0.014
0.002
0.004

0.0860.033

0.0410.0110.0110.012
0.0080.003
0.0010.001
0.0020.001
0.0000.0010.001

0.0430.005 0.0840.013 0.1070.018 0.0580.005 0.0430.009

0.0140.002
0.0070.001
0.0130.0290.0040.049

0.0020.000

0.0330.0090.047
0.0860.0260.060
0.1030.0190.071
0.0560.005 0.0610.010

0.0140.002
0.0080.002

0.0020.000

0.0680.895 0.1271.750
0.0110.135
0.0110.127
0.0010.007
0.0040.072
0.5990.0482.688
0.6430.0943.1960.107
0.7890.0773.9800.044
06830.1277.3280.100
0.1319.3410.105
0.1296.7080.057
0.0391.410

CecumFeces

0.0541.313

0.0110.6190.011
0.0100.5840.009
0.0010.072
0.0040.181
0.0010.061

0.0010.089
0.0090.371
0.0000.021
2.8070.0721.188
8.5200.1204.209
4^630.0861.847
2.1070.0420.3220.0110.210
3^910.1101.433
0.4720.008
0.0010.019
0.0040.076
0.0010.011
0.643
0.013

0.301
0.011

0.004
0.015
0.033
0.033
0.082
0.013
0.003 0.015
0.022"0.048
0.0430.067 0.0750.113 0.0760.116 0.2150.368 0.2950.4500.0190.029
0.0180.025
0.0030.005
0.0055
0.0010.005
0.002
0.036
0.047
0.454
0.465
1.056
+
0.027 0.165+480.042
+
0.001
0.042hrF0.317,22.521
0.056TABLEminF0.35815.907
0.0391.
0.0354hrM0.31614.096
0.025F0.24715.693
0.01824 0.006F0.0221.2990.000F0.0080.420
0.001 0.000
(continued)

The concentration in the lung averaged 11.2% of the
injected dose at 15 min, with slow washout after that
time. Tracer concentration was highest at 15 min in most
organsâ€”includingthe kidneys, spleen, pancreas, adrenal
glands, and heartâ€”then fell gradually for the first 24 hr
after injection, approaching background levels by 48 hr.
Uptake in the liver, however, was greatest at 1 hr, with
persistently high concentrations at 4 hr and rapid
clearance by 1 day.
Uptake of the tracer by the thyroid gland increased
steadily until 24 hr after injection (to 0.2% of dose), and
remained at this level for at least 5 days. Concentration
in other organs affected by iodine traps was similar, but
with more rapid clearance. Tracer concentration peaked
in the salivary gland at 1 hr, in the stomach at 4 hr, and
in the large intestine between 1 hr and 4 hr.
924

0.000
0.000
0.000

0.1460.096 0.2760.450 0.2090.295 0.2250.569 0.1590.283 0.1040.1620.041
0.0130.019
0.0090.015
0.0020.003
0.0030.005
rIÃ–Ã–20.0000.005

Large intestine

Smooth muscle15M0.167

0.000
0.000
0.001

0.0820.041
0.0440.0160.0110.005
0.0080.004
0.0010.000
0.0020.002
0.0000.000
0.0260.0430.060
0.0090.0470.071
+0.0250.0480.0480.0920.026

intestine

BladderUrine

0.003
0.001
0.003

In the eye the concentration of the tracer steadily in
creased until reaching maximum activity at 24 hr after
injection (0.2% of dose), falling slowly thereafter.
Sixty-five percent of the activity was in the tissue spec
imen containing the retina, choroid, and epithelial pig
ment; 20% was in the optic nerve; and 15% in the sclera.
Uptakes in the cornea and lens were not significantly
above background.
In the images obtained at 1 hr after injection, activity
was concentrated primarily in the brain, lung, and liver
(Fig. 1). By 24 hr, activity was most intense in the eye
and thyroid gland, with more uniform distribution
throughout the remainder of the body than at 1 hr.
The absorbed doses in rad/mCi of injected iodine-123
IMP (with contamination levels of 1-124 ranging from
0 to 10%) are given in Table 2. A similar table for conTHE JOURNAL
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TABLE 1.

hrM0.0000.0010.0260.0020.1120.0020.0040.0060.0
daysM0.0000.0000.0200.0020.0720.0020.0020.0000.0010.0060.0020.0040.0010.0010.0020.000+â€”â€”â€”0.1450.0010.0000.6450.227â€”0.0000.0000.0030.0440.08
muscleFatSkinBrainGray

matterWhite
matterSciatic
nerveCerebellumBrain

stemCorpus
callosumGall
bladderInjection
siteMesenterio
nodeCervical lymph
lymphnodeRight
humorRest
eye vitreous
eyeAdrenal
of right
glands(2)Thyroid
glandPituitary

glandBloodHeartLungs15M0.0730.0190.0140.0785.1160.1090.0450.0320.0860.5110.0810.2940.0800.0630.1090.176+0.0370.0550.0010.0700.3150.0890.1220.0360.21

gram%
Injected dose per
organ+
Injected dose per
taken.â€”
= No sample
<0.*= Calculated value
Bladder with prostate.

FIG. 1. Lateral scintiphotos made 1 hr (left) and 24 hr (right) after
injection of 1-123 IMP. Brain, lung, and liver uptakes are high at 1
hr, whereas eye and thyroid have highest concentrations of 1-123
IMP at 24 hr.

Volume 24, Number 10

lamination levels of 1-125 IMP ranging from Oto l%is
presented in Table 3. For pure 1-123 IMP, the total-body
dose is 0.024 rad/mCi. Aside from the eye dose, the or
gans with the highest radiation doses are the liver (0.127
rad/mCi), the thyroid (0.120 rad/mCi), and the upper
large intestine (0.101 rad/mCi). The dose to the brain
is 0.060 rad/mCi, and to the eye 0.407 rad/mCi. As
suming that the activity in the tissue sample containing
retina, pigmented epithelium, and choroid is concen
trated entirely in the retina (the worst case), the dose to
the retina is 8.16 rad/mCi. If the tracer were concen
trated in the choroid, the dose to the retina would be 1.62
rad/mCi. With tracer concentrated in the pigmented
epithelium, the dose to the retina would be 4.66 rad/
mCi. With the activity uniformly distributed throughout
925
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IMP, WITH 1-124 IMP (%) CONTAMINATION (see
INJECTED1%0.0860.0790.0190.0460.1010.1100.0900.0730.1390.0700.0310.0220.0490.0790.0280.0600.02
Appendix)3%0.1010.0940.0220.0540.1180.1290.1070.0860.1620.0830.0350.0260.0570.09

organAdrenalsBladder

wallBoneStomach
wallSmall
intestinesUpper
wallLower
large intestine
wallKidneysLiverLungsMarrowMuscleOvariesPancreasSkinSpleenTestesThyroidUterusBrainRetina
large intestine

source)Retina
(retinal
source)Retina
(pig. ep.
source)Retina
(choroid
source)LensEyeTotal
(uniform

body0%0.0780.0720.0180.0420.0920.1010.0820.0670.1270.0640.0290.0200.0450.0730.0220.0550.0240.1200.0290.0608.164.661.624.610.4280.4070.024mCi

the three layers in the tissue sample, the dose would be
4.61 rad/mCi.
The absorbed dose to the lens from pure I-123 is quite
small (0.428 rad/mCi), even though we assumed uptake
in the pigmented layer of the iris, which is in direct
contact with the lens.
Because the eye and thyroid are relatively small or
gans and contain high concentrations of the radiotracer,
they are greatly affected by contamination with either
I-124 or I-125 IMP. In the case of the eye, the dose in
creases from 0.407 rad/mCi with no 1-124 IMP to 1.11
rad/mCi with 4% contamination. For the thyroid, the
increase in dose is from 0.120 to 0.450 rad/mCi. For
1-125 IMP contamination, the radiation dose to the eye
rises from 0.407 with 0% contamination to 0.535 rad/
mCi with 0.4% 1-125 IMP. For the thyroid, the increase
is from 0.120 to 0.176 rad/mCi with 0% to 0.4% 1-125.
It is in the lens that the difference in absorbed dose be
tween 1-124 and I-125 is greatest, because of the effect
of nonpenetrating radiation from the iris. The absorbed
dose to the lens is 1.52 rad/mCi for 1-123 IMP with 4.0%
1-124, and 0.496 rad/mCi for 1-123 IMP with 0.4% I125. The radiation doses to the larger organs and to the
total body are affected to only a small extent by 1-124
926

and 1-125 contamination at the levels encountered in
commercial 1-123 preparations.

DISCUSSION

Permeability of the blood-brain barrier is limited to
a small family of compounds made up almost exclusively
of carbon, oxygen, and nitrogen. As a result, we have
seen pioneering efforts in the fields of neurophysiology
and neurochemistry using positron-emitting isotopes of
these elements and the light halogen, fluorine. At
present, positron-emission computerized tomography
(PET) is limited to a few centers because it needs costly
on-site cyclotrons and on-site production facilities for
radiochemical and radiopharmaceutical synthesis. If the
impressive results that have been obtained with PET are
to have any widespread application in clinical practice,
radioagents and instrumentation must be available
commercially and be sufficiently inexpensive so that all
nuclear medicine facilities can perform these functional
cerebral studies.
Recently a family of amines that meets the two re
quirements for brain imagingâ€”blood-brain barrier
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FOR0.4%0.0780.0720.0180.0420.0920.1010.0820.0670.1280.0640.0290.0200.0450.
IMP
INJECTED0.2%0.0780.0720.0180.0420.0920.1010.0820.0670.1270.0640.0290.0200.0450.0730.0220.0550.0240.148
CONTAMINATION0.6%0.0780.0720.0180.0420.0930.1020.0830.06

OrganAdrenalsBladder
wallBoneStomach
wallSmall
intestinesUpper
wallLower
large intestine
wallKidneysLiverLungsMarrowMuscleOvariesPancreasSkinSpleenTestesThyroidUterusBrainRetina
large intestine

source)Retina
(retinal
source)Retina
(pig. ep.
source)Retina
(choroid
source)LensEyeTotal
(uniform

body0.0%0.0780.0720.0180.0420.0920.1010.0820.0670.1270.0640.0290.0200.0450.0730.0220.0550.0240.1200.0290.0608.164.661.624.610.4280.4070.0240.1%0.

permeability and retention in the brain parenchymaâ€”
have been synthesized and labeled with iodine-123
(1,2,18). One of the most promising of these tracers,
1-123 IMP, has already been used in man and is under
going extensive clinical trials (4). We describe here the
kinetics of this tracer in the monkey in order to provide
a basis for human dosimetry calculations and to deter
mine the effects of those kinetics on brain uptake and
retention.
The concentration of I-123 IMP in the monkey brain,
6% to 9% of the injected dose at 1 hr, is comparable to
in vivo estimates in man (4). The uptake increases a little
from 15 min to 1 hr, probably due to continual washout
of the tracer from the lungs. The ratio of activity between
gray and white matter is constant from 15-60 min in the
monkey. Rapin et al. found concentration ratios of 10:1
at 3 min after injection, falling to 4:1 by 1 hr, and sug
gested the need for early imaging because of redistri
bution of the tracer (19). We find no evidence of redis
tribution in the brain between 15 min and 1 hr and feel
that 1-123 IMP reflects relative cerebral perfusion
during that time. By 4 hr, however, the ratio for gray
matter over white has fallen and the tracer is no longer
an accurate measure of cerebral blood flow. The grayto-white ratio reverses by 24 hr, probably indicating

Volume 24, Number 10

more rapid washout from the gray due to its higher blood
flow.
The behavior of 1-123 IMP in the liver, with slow ac
cumulation during the first hour after injection, suggests
accumulation of metabolites in the liver in addition to
an initial accumulation of IMP itself. Other systemic
organs show more rapid accumulation, probably of un
altered IMP, with fairly rapid clearance mirroring brain
kinetics.
There is substantial and persistent accumulation of
the tracer in the thyroid, indicating breakdown of the
radiopharmaceutical
by 24 hr, with detachment and
trapping of iodine. The persistently high concentration
in the thyroid indicates the need for blocking the gland
with Lugol's solution or potassium perchlorate when
nonthyroid imaging is performed in patients. Blocking
will have to be continued for some time after injection
of the pharmaceutical if significant amounts of I-124 or
I-125 are present as contaminants.
The high concentration of iodoamphetamine analogs
in the pigmented portion of the eye has been observed in
dogs, rodents, and monkeys anesthetized with pentobarbital (2,20) but not in monkeys anesthetized with
ketamine (2) nor in man (3). In our study, pentobarbital
was administered 15 min before tracer injection and
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immediately before death. It would be unlikely that the
anesthetic would augment eye uptake, particularly in
animals killed 2 to 5 days after injection. An alternative
hypothesis for the discrepancy in the amount of tracer
uptake between monkeys and adult humans is that up
take may be related to melanin production in the pigmented layers of the eye. This process is completed in
embryo in humans. We may have seen uptake in our
young monkeys, still forming melanin in the pigmented
choroid and iris of their eyes, whereas humans, who have
completed their eye melanin production, have little or
no I-123 IMP uptake. The kinetics of eye uptake suggest
accumulation of a metabolite that is released either from
the brain or liver, because the concentration in the eye
is initially low and reaches maximum values only at 24
hr and 48 hr after injection.
Even at the dose levels calculated from the monkey
data, the radiation exposure presents no significant
health problem for anticipated 3- 5-mCi dosages in man.
Lieberman has shown that no histopathological changes
occur in the retina with absorbed radiation doses from
1-131 up to 1200 rad (21). Functional changes can be
detected by electroretinograms only with absorbed doses
greater than 600 rad to the retina. The absorbed radia
tion dose to the retina from 1-123 IMP is orders of
magnitude less, even if we assume that eye uptake in man
will be as high as in our monkeys.
A routine TCT scan, with and without contrast, results
in an absorbed radiation dose of 14 rad to 20 rad to the
lens (22). Thus, while the biological effectiveness of the
two types of radiation are not entirely comparable, 1-123
IMP results in a radiation dose to the lens several orders
of magnitude less than TCT scanning. Since the mini
mum cataractogenic dose for patients receiving radiation
over a 3- to 12-wk interval is 400 rad, both TCT scanning
and 1-123 IMP brain imaging are safe with regard to
dose to the lens (23).
There are currently two ways of producing 1-123: (a)
the indirect method, l27I(/>,5n)l23Xe-Â»â€¢
123I,which also
produces 1-124 as an impurity; and (b) the direct
method. The latter is more versatile, requiring proton
energies of only 24-28 MeV, but the I-124 contaminant
results in degradation of spatial resolution because of its
high-energy gamma. Currently the bulk of 1-123 sup
plied in the United States is produced by the direct
method. The indirect method requires substantially
higher proton energies (between 55 MeV and 70 MeV),
but the resultant 1-123 has better imaging properties
since the 1-125 emissions are low in energy.
The radiation doses from IMP labeled with 1-123
produced by the two methods are surprisingly similar.
The contaminants have little effect on the dose to the
total body, to large organs, or to organs that receive only
a small percentage of the injected dose. The effect of
contamination is striking, however, on the thyroid and
the eye, since they receive substantial concentrations of
928

the tracer and they are relatively small organs. While the
thyroid can be blocked and the eye doses calculated from
the monkey data probably overestimate those for the
adult human, it would be prudent to use 1-123 with as
little as possible contamination from either 1-124 or I125. If the direct method is used, I-124 concentrations
should be kept to less than 4% by using the tracer within
24 hr of production. While some commercial suppliers
of 1-123 produced by the indirect method guarantee that
I-125 will be no higher than 1.9%of the total iodine ac
tivity, contamination levels can be kept at less than 0.4%
by current production techniques. Contamination levels
of 1-125 greater than 0.4% should probably be avoided
for brain imaging with 1-123 IMP.
FOOTNOTES
* Charles River Research Primates Corporation,

Port Washington,

New York.
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APPENDIX

For all important sources of 1-123 IMP uptake, values of the
percent injected dose per organ or tissue were plotted on semilog
paper as a function of time. Straight-line segments were used to
approximate the various contours of the resulting graphs. These
approximations determined an analytical description of the bio
logical time course of the tracer. For each organ or tissue, the time
course f(t) was described by a piecewise function composed of
single-term exponential segments of the form:
F(t) = B-exp(M-t-lnlO) for TI < t < TF,
where B is the intercept, and M is the slope of the underlying linear
approximation; TI and TF are the endpoints of the appropriate
time interval. Expressions for the activities of 1-123, 1-124, and
1-125 were then obtained by multiplying each time-course function
by the decay factor exp(â€”ln2-t/T|/2). (T1/2 is the half-life of the
appropriate isotope.) Finally, these activity functions were inte
grated with respect to time to determine the cumulated activity
A for each of the three iodine isotopes in each of the selected organs
or tissues.
As the dosimetry calculations were based on the framework
developed by the Medical Internal Radiation Dose Committee
(MIRD), the values for the cumulated activity were organized to
correspond to the source-organ categories described in MIRD
publications (9,10). The following assumptions were made in
determining cumulated activities for the MIRD-designated source
organs:
1. In instances where total tissue weight was unknown (i.e.,
muscle, bone, skin, fat, blood, urine), a value was assigned such
that the ratio of tissue weight to total body weight agreed with the
corresponding value for man.
2. In order to incorporate the cumulated activity measured in
the large intestine and cecum into the MIRD schema, these values
were added together and split proportionately by weight between
the categories "upper large intestine" and "lower large intes
tine."
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TABLE

categories1-123:

of polynomial
used
approximation10101093totally
in

500-keV
gamma150-keV
gamma30-keV
ray130-kex
electron25-keV
V
electron3-keV
electron1-124:

nonpenetrating101010101093totally

gamma600-Me
1.5-MeV
gammaAnnihilation
V
radiation30-keV
rayÃŸ600-keV
x
electron25-keV
electron3-keV
electron1-125:

nonpenetrating103totally

30-keV
ray25-keV
x
electron3-keV
electronA,0.02820.2800.5270.04570.00600.00640.9830.8100.5570.03390.4510.00400.00420.00610.09010.01960.0221Power
nonpenetrating

3. Red and yellow marrow were grouped together under the
category "red marrow."
4. The cumulated activity for the category "total body"â€”

For radiation species i. A; is the equilibrium dose constant (fiC\hr), $Â¡is the absorbed fraction, $>Â¡
is the specific absorbed fraction
(g~')> and m is the mass of the target organ. The average absorbed

defined as the sum of all cumulated activities not otherwise ex
plicitly assigned to MIRD source organsâ€”was determined by
summing the values determined for fat, connective tissue, and
blood. Connective tissues were assigned an activity concentration
that was the average of the values for muscle and trabecular
bone.
All organ weights for man were taken from the Report of the
Task Force on Reference Man (//). The designation "fat" was
assumed to include the Reference Man categories of "subcuta
neous fat" and "other separable tissues," whereas the designation
"connective tissues" was chosen to encompass the Reference Man
categories of "connective tissues" and "cartilage and periarticular
tissue."
An average absorbed dose, D, was calculated for each MIRDdesignated target organ according to the standard dose equa
tion:

dose was then determined from Eq. (1). Dose contributions from
penetrating radiations were calculated from values of $ published
by Eckerman (14). All nonpenetrating radiations originating in
the brain were assumed to be internally absorbed. Contributions
from both penetrating and nonpenetrating radiations were summed
to obtain a total absorbed dose to the brain. As before, absorbed
doses were determined for an injected dose of 1 mCi of 1-123
contaminated by 1-124 or 1-125.
Similar calculations were done to estimate the contributions of
external source organs to the average absorbed dose to the eye. For
all external source organs other than the brain, the assumption was
made that specific absorbed fractions to the eye matched those to
the brain. For these organs, eye dose contributions were approxi
mated using Eckerman's 4>values for the brain. The specific ab

D=

O)

where AÂ¡
is the cumulated activity of source organ i, and SÂ¡is the
S factor from source organ i to the target organ (10). Absorbed
doses were determined for an injected dose of 1 mCi of 1-123
contaminated by (a) I-124 or (b) 1-125.
S factors to the brain and eye have not been published. Dose
calculations for these organs required individual consideration of
the various radioactive emissions. Since the number of different
radiations is large, emission data were organized into several broad
categories (12,13). Each collection was treated as a single monoenergetic emission with an equilibrium dose constant equal to
the sum of the equilibrium dose constants of the component ra
diations (Table 4).
Using this simplified model of radioactive emission, S factors
to the brain were calculated from the defining equation:
m
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(2)

sorbed fractions to the eye from the brain were derived from
Eckerman's values using the reciprocal relation 4>(eye â€¢â€¢brain)
= 4>(brain Â«-eye), which is true for any two organs under the
isotropie model commonly adopted in dosimetry calculations
(9).
Calculation of a self-absorbed dose to the eye required some
knowledge of the internal distribution of radioactivity. The
counting data from the dissected eye indicated that most of the
tracer resided in a three-layer structure composed of the retina,
the pigmented epithelium, and the choroid. Based on this infor
mation, two eye models were developed in which eye activity was
assumed to be concentrated entirely in this three-layer structure.
The models were used to calculate specific absorbed fractions from
which internal radiation doses could be determined.
The "concentric spherical shell model" treated the eye as a
multilayered sphere of radius 1.20 cm. The source structure was
modeled as a spherical shÃ§llwith inner and outer radii of 1.0965
and 1.1250 cm. It consisted of an inner retinal layer of thickness
130 firn, a pigmented epithelial layer of thickness 5 urn, and an
outer choroidal layer of thickness 150 /im. Completing the model
were a spherical inner volume representing the vitreous humor,

929

HOLMAN, ZIMMERMAN,

SCHAPIRO,

KAPLAN, JONES, AND HILL

RETINA
PIGMENTO) EPfTHEUUM

EPfTHELJAL
LAYER OF IRIS

CHOROO
SCLERA/CORNEA

FIG. 3. Longitudinal section of lens model used for calculations of
dose to lens. O is origin, z-axis shown. (Not drawn to scale.)
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and an outer layer representing the sclera and cornea (Fig. 2)
(15).
The model was used to calculate internal dose contributions to
both the entire eye and the retina. As a specific source layer could
not be identified in the three-layer source structure, separate retinal
dose calculations were performed for four possible activity dis
tributions: (a) uptake in the retina only, (b) uptake in the pigmented epithelium only, (c) uptake in the choroid only, and (d)
uniform uptake in all three layers. The entire eye dose calculation
assumed uniform activity distribution throughout the three-layer
structure.
The calculation of an absorbed dose to the lens required a more
detailed model of the eye and its substructures. Of the three pos
sible source layers, only the pigmented epithelium comes in close
proximity to the lens. Therefore, a "lens model" was developed to
provide a worst-case approximation to the lens dose by considering
an ocular activity distribution concentrated entirely in the pig
mented epithelium.
Both the pigmented epithelium and the lens were represented
by figures exhibiting radial symmetry around a z-axis drawn
through their centers (Fig. 3). The pigmented epithelium was
modeled as a section of a spherical shell centered at the origin. The
shell hadan inner and outer radii of 1.1095 cm and 1.1100 cm. The
desired section was obtained by removing a "cap" created by a
planar cut perpendicular to the z-axis at a distance of 1.070 cm
from the origin. Within this section, the pigmented epithelial layer
of the iris was represented by that portion of the shell between the
boundary cut and another cut at a distance of 0.934 cm from the
origin. The lens was represented by an ellipsoid centered at a dis
tance of 0.890 cm along the z-axis. The hemiaxes of the ellipsoid
were 0.467 cm, 0.467 cm, and 0.194cm (15).
Calculations of specific absorbed fraction were based on the
general equation:
fÃ-(t**Ã-)--Ã-ff
VsVt JJst

$Â¡(r)dVtdVs,

(3)

where s and t refer to the source and target organs, i refers to ra
diation species and 4>(i) is the point isotropie specific absorbed
fraction at a distance r (9).
In order to evaluate this equation for the "concentric spherical
shell model," two different spherical coordinate systems were
defined. The (p,0,<P) system had its origin at the center of the
model and was used to define a differential source element at P.
The (r,0', $ ') system was centered at P and oriented with the z-axis

Jo

f* rKp)
Jr,(p)

/* * 'Kp.r)
l
Â»/*'i(p,r)

/Â»2ir
Jo

X $i(r)r2 sin $ 'p2 sin -Pd0'd <P'drd0d * dp
_

87T2

pRo

prrtp)

^**'rtp,r)

VSV,

JRÂ¡

JrÂ¡(p)

J*'Â¡(p.r)

X *Â¡(r)r2p2sin * 'd * 'drdp

(4)

(Ri and R0 are the inner and outer radii of the source shell.)
As the target volume approaches zero, Eq. (3) reduces to:
$Â¡(t*Â»s) = â€” f $Â¡(r)dVs
(5)
Vs Js
Equation (5) was applied to the "lens model" to determine the dose
to the center of the lens due to penetrating radiations. As the de
position of energy by the penetrating radiations is roughly inde
pendent of distance for the range of distance involved, this center-of-lens value was assumed to approximate the average absorbed
dose to the entire lens. Integration was performed using a spherical
coordinate system (r,0,$ ) having its origin at the center of the lens,
and was oriented with the z-axis through the center of the pig
mented epithelial shell.
flit**Â«)-â€”
f" f*Kr) f2**i(r)r2sm#d0d*dr
Vs Jr,

J*,(r)

JO

2ir r*TÃ-C**rtO
-f
f
L.
*Â¡(Dr2si
Vs

*/fj

*/

(6)

V\(T)

The parameter chosen for integration was Berger's scaled ab
sorbed-dose:
Fj(r) = 47ror2r9o *Â¡(r),
where 5 is the density of the target organ, and r9o is the radius of
the sphere within which 90% of the energy emitted by the source
element is absorbed (16). For each of the radiations in the sim
plified emission model, values of scaled absorbed-dose were ob
tained from tabulated measurements of radial energy deposition
(16,17). Polynomial segments were used to approximate these
values over distances appropriate to the ranges of the radiations
and the dimensions of the eye models. Only the 3-keV electrons
were not approximated in this manner, since they were considered
to have negligible range.
Substitution of scaled absorbed-dose in Eqs. (4) and (6)
gives:
2:r

*Â¡(tÂ«â€¢
s)

X FÂ¡(r)p2sin Ã->
'd <P'drdp

directed radially Equation (3) was evaluated using the (p,0,#)
system to integrate over the source region and the (r,0', $ ') system

^

to integrate over the target region.
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Using the polynomial approximation, these equations were inte
grated analytically and the resulting series were evaluated by
computer.
The lens dose contribution from nonpenetrating radiations was
determined for sources within the pigmented epithelial layer of
the iris. Other sources were not considered, since their distance
from the lensexceededthe range of the nonpenetrating radiations.
Using Eq. (4a), self-absorbed fractions were calculated for the
pigmented epithelial layer. Among the fraction of iris radiations
that were not reabsorbed,half wereassumedto be absorbedby the
lens. In this manner, values of *(lens Â«-iris) were determined.
The nonpenetrating dose contribution was then calculated
from:
Voi (iris)
- -- 1 Â£AÂ¡
D = 777â€”7
- r Ap.e.
>Â¡
(lensâ€”iris)
Vol (pig ep)
micns
D is dose to the lens from the iris, where Vol is the volumeof the
iris or pigmented epithelium, and m|cnsis the mass of the lens.
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