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Biologic distribution data in the rat were obtained for the alpha-1 adrenoceptor imaging agent
(Â±)2-[ÃŸ-(iodo-4-hydroxyphenyl)ethylaminomethyl] tetralone (HEAT) labeled with [125I].The

major excretory routes were through the liver (67%) and the kidney (33%). Internal radiation
absorbed dose estimates to nine source organs, total body, the Gl tract, gonads, and red
bone marrow were calculated for the human using the physical decay data for [123I].The

critical organ was found to be the lower large intestine, receiving 1.1 rad per mCi of
[123I]HEATadministered. The total-body dose was found to be 58 mrad per mCi.
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A drug that has antihypertensive properties in ani
mals is 2-[|3-(iodo-4-hydroxyphenyl)ethylaminornethyl]

tetralone (HEAT) (1,2). These properties are based
primarily on peripheral and central a-adrenoceptor an

tagonism (3). HEAT was subsequently found to be 140
times more selective for a,-adrenoceptors than for a:-
adrenoceptors (4,5). HEAT has no activity on 0-adre-
noceptors and slight antagonism for serotonin and do-

paminergic receptors. In 1981, two groups independ
ently synthesized iodine-125 (125I) HEAT and found

that it had a higher affinity for the a,-adrenoceptor than

did the noniodinated parent compound (6,7). The two
groups found KD values of 78 and 25-150 pmol for Â«,-

adrenoceptors in rat cerebral cortex. These values are
approximately tenfold higher than for the parent com
pound HEAT. Iodine-125 HEAT has proven to be a
superior ligand for the mapping of a,-adrenoceptor by
autoradiography (8-11) yielding a very specific distri
bution of [I25I]HEAT binding sites in the brain of

the rat with high concentrations in the thalamus and
frontal cortex. Recently, intravenously administered
[12T]HEAT was also shown to cross the blood-brain

barrier in the rat and concentrate in the thalamus and
frontal cortex (12). For these reasons, [123I]HEAT is an

appropriate ligand for the in vivo imaging of a,-adren

oceptors in humans by single photon emission com
puted tomography. The purpose of this paper is to
estimate the radiation absorbed dose to humans from
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the use of [I23I]HEAT for the purpose of imaging Â«,-

adrenoceptors in the thalamus and frontal cortex of the
brain.

MATERIALS AND METHODS

Radiopharmaceutical Preparation
(Â±)-/3-(['25I]-Iodo-4-hydroxyphenyl) ethylaminomethyl]te-

tralone ([125I]HEAT) in ethanol:0.001M KH2PO4 (1:1) was
obtained commercially": specific activity, 2,200 Ci/mmol; 100

Â¿iCi/ml. Radiochemical purity was checked by thin layer
chromatography both before and after the experiments and
was found to be >99%. (Solvent system 1 silica gel
MeOH:CHCl3 (3:5), Rf 0.73 (literature (7) 0.85); solvent sys
tem 2 cellulose, 0.05A/ammonium formate, pH 8.4, Rf 0.030
(literature (7) 0.037).

Animal Test System for Tissue Distribution
Sixteen mature male Sprague-Dawley rats weighing 200 Â±

8 g (mean Â±s.d.) being fed a regular diet comprised the animal
test system. A dose of 10 Â¿iCiof [125I]HEAT (2 ng in 100 n\)

was administered to each rat through the tail vein at time
zero. The rats were housed in metabolic cages, which facili
tated separate collection of urine and feces prior to killing at
1, 3, 24, and 48 hr intervals postinjection. Four of the 16 rats
were killed by intraperitoneal injection of a lethal dose ( 1 g)
of sodium pentobarbital at each successive time interval, and
nine tissues were obtained. The urine, feces, and tissue samples
were placed in thin-walled plastic vials, weighed and counted

in a shielded sodium iodide crystal well gamma counter
system.* Each sample was counted long enough to achieve a

s.e. of <2.4%. The radioconcentrations were expressed as
percent injected dose per gram (Table 1) and percent injected
dose per organ (Table 2). All values in Tables 1 and 2 were
decay corrected to the time of administration (t = 0) of the
[I25I]HEAT.
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TABLE 1
Biodistribution of [125I]HEAT in Normal Rats (N = 4) (Mean Percent Injected Dose per Gram Â±s.e.m.

OrganAdrenalsBloodBrainHeartKidneysLiverLungsSpleenTestesThyroid1hr0.79

Â±0.400.1
4Â±0.040.19

Â±0.060.46
Â±0.100.60

Â±0.150.57
Â±0.131

.68 +0.400.67
Â±0.220.08
Â±0.045.9
Â±1.63hr0.77

Â±0.560.11
Â±0.010.11
Â±0.010.11
Â±0.010.27

Â±0.010.38
Â±0.020.48
Â±0.030.47
Â±0.250.13
+0.0120
Â±224

hr0.07

Â±0.030.03
Â±0.010.02
Â±0.010.02
Â±0.010.09
Â±0.030.07
Â±0.020.05
Â±0.010.04
Â±0.020.02
Â±0.0082
Â±1848

hr0.04

Â±0.010.01
Â±0.000.003
Â±0.0000.01
Â±0.000.02
Â±0.000.02
Â±0.010.02
Â±0.000.02
Â±0.000.01
Â±0.0022
Â±4

Biodistribution of [I2$I|HEAT
The biodistribution of [I2SI]HEAT is shown in Tables 1 and

2. The major excretory routes were through the liver and
kidneys, 90% of the administered radioactivity being excreted
within 48 hr (Table 3). The results are in good agreement with
earlier work with carbon-14 HEAT in which 96% of the

radioactivity was excreted in 60 hr (13).

Conversion of Animal to Human Data
The conversion from animal data to the human model was

carried out by multiplying the % injected dose per g of the rat
organ times the total mass of the rat whole body (kg). The %
kg per g of the animal was then multiplied by the ratio of the
standard man organ mass (14,15) in g to the 70 kg reference
man whole-body mass. This conversion yields % injected dose

per human organ (16). The conversion was used for the
following source organs: brain, heart wall, kidneys, liver, lungs,
spleen, and testes. The conversion was not carried out for the
adrenal and thyroid source organs because of their compara
tively smaller organ masses. Thus the animal values for %
injected dose per organ were assumed to apply directly to the
human model.

Calculation of Source Organ Biologic and Effective
Half-Lives and Intercept Values

The biologic half-life (T.,,) and intercept, the % injected

dose per organ at time zero, parameters for the adrenals, brain,
heart wall, kidneys, liver, lungs, spleen, testes, and thyroid
were calculated by using a software package developed at Oak
Ridge Associated Universities. The program is entitled
"MIRDOSE" ( / 7) and was executed on a personal microcom

puter.* The % injected dose per organ data versus time for

each source organ were entered into the "PLOT" routine of
the "MIRDOSE" program. The "PLOT" program analyzes

the data using linear or nonlinear least squares technique to
fit the retention data to either a one- or two-compartment

exponential function, respectively. The bioretention data for
the adrenals, brain, heart wall, kidneys, liver, lungs, and spleen
were best fit by a curve comprised of two single exponential
compartments, one short-lived and one long-lived. The bio-
retention data for the testes were best fit by a one-compart

ment exponential curve. In order to fit the thyroid retention
data, the increase in uptake until the 24-hr data point was
best described by a one-compartment exponential ingrowth

curve. The decline in retention from 24 to 48 hr was best fit
by a one-compartment exponential curve. The operator has

the option to change the curve parameters to yield the best fit
to the data. After the operator accepts the fit of the curve, the
program prints out the biologic T.,, and the intercept value for
each compartment.

The effective half-life, Ten-,for each compartment was cal

culated according to the following equation:

TBTp

TB + TP
(D

where TB is the biologic T./, and TP is the physical T./, of I23I.

The Ten and intercept values for the nine source organs are
given in Table 4.

Calculation of Residence Times for the Adrenals, Brain,
Heart Wall, Kidneys, Liver, Lungs, Spleen, Testes and
Thyroid

The residence time, r, for the first seven of the above nine
source organs was calculated using the following equation:

TABLE 2
Biodistribution of [125]HEAT in Normal Rats (N = 4) (Mean Percent Injected Dose per Organ Â±s.e.m.)

OrganAdrenalsBrainHeartKidneysLiverLungsSpleenTestesThyroidTotal

retention1

hr0.03

Â±0.010.31
Â±0.090.41

Â±0.101.25
Â±0.414.44

Â±1.181.76
Â±0.630.40

+0.160.1
6Â±0.050.07

Â±0.038.843hr0.02

Â±0.0030.20
Â±0.030.09
Â±0.010.50
Â±0.053.53
Â±0.390.44
Â±0.030.24
+0.130.27
+0.020.31
+0.035.6024

hr0.003

Â±0.0010.03
Â±0.010.02
Â±0.010.1

5Â±0.050.52
Â±0.160.05

Â±0.020.02
Â±0.010.04
Â±0.0051

.29 Â±0.232.1248

hr0.002

Â±0.0000.02
Â±0.010.01
+0.000.03
Â±0.000.08
Â±0.020.02
Â±0.000.01
+0.0040.04
+0.020.43
+0.180.64
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TABLE 3
Excretion of [125I]HEAT After Administration to Normal
Sprague-Dawley Rats (N = 4) (Mean Percent Injected

Dose Â±s.e.m.)

ModeUrine

Feces
Total1

hr5.0

(Â±2.0)
0.0
53hr13

(Â±3)
0.0

1324

hr30

(Â±5)
50 (Â±9)
8048

hr31

(Â±4)
59 (Â±11)
90

T = 1.443 x [Ten* x interceptA + Tem x interceptB], (2)

where TÂ«. îs the effective T./, of the long-lived compartment,
interceptA is the intercept of the long-lived compartment, Tem>
is the effective Tv, of the short-lived compartment, and
interceptB is the intercept of the short-lived compartment. The

residence time calculated from Eq. (2) assumes that after the
last datum point collected at 48 hr, the clearance curve is
extrapolated to infinity with continued clearance at the TB of
the long-lived component. The residence time, T, for the testes

and thyroid gland were calculated using the following equa
tion:

r = 1.443 xTcirx f. (3)

where Te(Iand fare the effective T,/, and intercept, respectively,
of the single compartment exponential curve.

Calculation of the Urinary Bladder Residence Time
The dynamic bladder model developed by Cloutier et al.

(18) was used in the "MIRDOSE" program to calculate the

urinary bladder residence time. The model assumes that the
bladder fills and empties at regular intervals. The % urine

TABLE 4
Biologic Half-Lives, Effective Half-Lives, Intercepts, Correction Factors and Residence Times for 12 Source Organs

and Remainder of Body

OrganAdrenalsBrainHeart

wallKidneysLiverLungsSpleenTestesThyroid'TB

(hr)A

(Long) B(Short)41.3

2.024.1

1.9238.1

0.8516.5

1.0213.3

2.0418.1

0.96133.5

3.613.3Tâ€ž(hr)-A

(Long) B(Short)9.94

1.738.5

3.89.75

0.7987.3

0.956.6

1.767.6

0.909.42

2.826.617.02

â€”InterceptA

(Long) B(Short)4.5

x 10-50.00040.0004

0.002170.00028

0.009720.0019

0.00810.00244

0.0048.00125

0.03210.00054

0.00750.001020.0129

â€”Correction

Factor Residence time(hr)0.00164.146

0.0421

.700.02570.886

0.02765.143

0.1822.857

0.1580.5143

0.0190.10

0.001â€”

Ingrowth area = 0.0749
Residence time (for TÂ«,= 7.02) is 0.131.

Total = 0.131 Â±0.0749 = 0.206

Remainder of body 24.0 5.33 8.5 3.8 0.40 0.60 0.833 6.83

Small intestine 2.18

Upper large intestine â€” 4.20

Lower large intestine â€” 3.41

" TÂ«,was calculated using Tp = 13.1 hr for 123I.

1Thyroid uptake reflects iodide ion rather than [125I]HEAT. A separate imaging experiment in a rat pretreated with iodide (Lugol's solution) resulted in

no thyroid uptake at 4 hr postinjection of [125I]HEAT.
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remaining in the body was calculated by subtracting the %
excreted at each time interval from the % remaining at time
zero, which in this case was 31 %, taken from Table 3. The %
remaining versus time data given in Table 5 were entered into
the PLOT routine. The data were fit by a single exponential
compartment with a biologic T./, of 4.9 hr. The fraction of
injected activity entering the bladder at time zero is equal to
the ratio of % excreted through the urine at the end of data
collection to the total % injected dose excreted. In this case at
48 hr postinjection, the ratio is 31 %/90% or 0.34 of the
injected dose would eventually be passed through the urine
excretion route. In order to estimate the maximum bladder
dose to the human, the voiding interval of 4.8 hr was used,
which assumes that in a 24-hr time period the average person

voids five times.

Calculation of Gastrointestinal Tract Source Organ
Residence Times

The calculations of the residence times for the GI tract
source organs are based on the approximate expressions for
the total number of transformations for each region of the GI
tract given in ICRP 30 (19). The following assumptions were
made prior to carrying out the calculations. The [125I]HEAT

compound is introduced into the small intestine through the
common bile duct from the hepatic duct. The pathway into
the small intestine was thus assumed to be 100% from the
liver and 0% from the stomach, which was not considered a
source organ. No feedback mechanisms were assumed to exist.
After 48 hr postinjection of the [I25I]HEAT, 90% of the

injected dose is excreted through the feces and urine. The
fraction of the injected activity entering the small intestine
through the liver is the ratio of % excretion through the feces
divided by total excretion at 48 hr, in this case, 59%/90% or
0.66. The biologic rates of clearance for the small intestine,
ASI,upper large intestine, AULi,and the lower larger intestine,
Am, were Vi hr"', Vn hr"1 and '/M hr"1, respectively, as given

in Eve (20). The radioactive decay constant AR, is equal to
In 2/Tp, where TP equals 13.1 hr for 123I.The residence times

for the small intestine, upper large intestine and lower large
intestine are given by:

fraction of injected activity entering S.I.

AR + ASI

TULI â€”

TLLI

TSÂ¡(Asi)

AR + AULI

TULI (Aun)

AR + ALLÃ•

(4)

(5)

(6)

The residence times calculated for the GI tract source organs
are given in Table 4.

TABLE 5
Percent Injected Dose Remaining Versus Time Data

Used to Calculate the Biologic Half-Life of Urinary
Clearance of [125I]HEAT

Time(hr)0

1
3

24%

Injected
dose remaining31

26
18

1%

Injected
dose excreted0

5
1330

Calculation of the Residence Time for the Remainder of the
Body

The residence time for the labeled [125I]HEAT taken up in

the remainder of the body, excluding the 12 other source
organs, was calculated using the following equation:

= 1.443 fR [Ten* x intercept*
k

+ Te(m x intercepte], (7)

where fR is the fraction of the injected dose retained in the
remainder of the body. In order to generate the biologic
clearance parameters for the remainder of the body, the per
cent injected dose retained in the body was generated by
subtracting the total percent excreted data values given in
Table 3 by 100%. The percent injected dose retained versus
time data given in Table 6 were entered in the PLOT routine
of the MIRDOSE program. The biologic T,/â€žeffective Tvâ€žand
intercepts of the short- and long-lived compartments gener

ated for the remainder of the body are given in Table 4.
The fraction retained, fR, was determined by first summing

the four subtotal percent injected dose values (given in the
bottom line of Table 2) yielding a total of 17% retained in the
organs listed in Table 2. This value is subtracted from 100%
yielding the fR value of 83% or 0.83.

RadiochemicalPurity of |'-"I]IIKVI
For human use, it is desirable to use pure I23I with no

contamination from the long-lived I24I,TP equal to 4 days and
I25I,Tp equal to 60 days. For this reason, the best commercially
available product is Ultrapure I23I from Atomic Energy of
Canada Ltd.* This vendor states that the I23Iis prepared from
enriched 124Xeby the reaction: 124Xe(p,2n)-Â»123Cs-Â»123Xe-Â»
121I.The vendor also states that the final product contains no
detectable I24Ior I25Iand trace amounts (0.03-0.05%) of the
contaminant tellurium-121 (121Te).A sample of the ultrapure
I23Ifrom AECL was analyzed using a high purity germanium
detector' interfaced to a multichannel analyzer computer sys
tem" to detect the presence of trace amounts of the possible

radiocontaminants. The analysis revealed no detectable [24I
and a 121Teabundance of 0.005%, which is ten times less than

the 0.05% abundance stated by the manufacturer.

RESULTS

Radiation Dose Estimates
The residence times given in Table 4 for the 11source

organs and the remainder of the body were entered into
the "MIRDOSE" program. The program employs the

TABLE 6
Percent Injected Dose Remaining Versus Time Data

Used to Generate the Biologic Clearance Parameters of[125I]HEAT Remaining in the Whole Body

Time(hr)0

1
3

24
48%

Injected
dose remaining100

95
87
2010%

Injected
dose excreted0

5
1380

90
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methodology developed by the Medical Internal Radia
tion Dose (MIRD) Committee of The Society of Nu
clear Medicine to determine the radiation absorbed
dose to target organ(s) from a radionuclide distributed
within several source organs (27).

The program can be set up to calculate absorbed
doses to any of 25 target organs from any combination
of 24 source organs. The program calculates "S" factors

from stored tables of specific absorbed fractions for the
MIRD adult male phantom (/5) and decay data cor
responding to the radionuclide chosen from the 59
available. The "MIRDOSE" program has also incor

porated the excess cumulated activity correction pro
posed by Cloutier et al. (22) for calculating the radiation
dose from the remainder of the body. This correction
is necessary to avoid using the activity in the target
twice when calculating the dose to the target organ from
self-irradiation and the remainder of the body.

The radiation absorbed dose estimates per millicurie
of [123I]HEAT administered for the source organs, the

GI tract, gonads, red bone marrow, and the total body
are given in Table 7. Radiation absorbed dose estimates
per millicurie of 123Iwere calculated for the contami
nant, l2'Te, using an abundance of 0.005%. The ab

sorbed dose values ranged from a minimum of 1.0 x
IO"6 rad per millicurie for the brain to a maximum of
6.8 x IO"5 rad per millicurie for the upper large intes

tine. These values were found to be only a fraction (no
greater than 0.07%) of the dose estimates from I23I
given in Table 7. Thus the contaminant, '2lTe, does not

contribute significantly to the total radiation absorbed
dose estimates.

DISCUSSION

The assumption made before using the scaled rat
biodistribution data in estimating the radiation dose to
the human was that ['23I]HEAT at a specific activity of
2.4 x IO5Ci/mmol will distribute in humans equivalent
to the measured distribution of [I25I]HEAT at a specific

activity of 2,200 Ci/mmol. In order to investigate the
validity of this assumption, human excretion data will
be collected from subjects participating in the phase I
clinical trials of [1:1I]HEAT.

The total absorbed dose to each organ will ultimately
depend on the injected dose. Presently, it is difficult to
predict what the optimum injected dose of [I23I]HEAT

for a, imaging in humans will be until preliminary
imaging experiments have been carried out with pri
mates. However, excellent images of muscarinic recep
tors in humans have been obtained with 5 mCi doses
of [123I]QNB (23). Equally good images of dopamine

(D-2) receptors have been made of the human brain
with 3 mCi of [123I]FLA-981 (24). If diagnostic quality

images of a,-adrenoceptors in the human brain can be
obtained with 3-5 mCi, then it would be possible to

keep the radiation absorbed dose to the critical target
organ, the lower large intestine, within the conventional
5 rad per organ limit per single study (25). The dose to
the thyroid can be significantly reduced by blocking the
thyroid with Lugol's solution prior to administration of

the [I23I]HEAT compound. The radiation absorbed

dose to the urinary bladder can also be reduced by up
to 40% by decreasing the patient voiding interval from
4.8hrto l.Ohr.

TABLE 7
Radiation Absorbed Dose Estimates per Millicurie of [123I]

HEAT Administered for Adult Human

OrganLower

largeintestineUpper
largeintestineRed

bonemarrow*ThyroidSmall

intestineBladder
waifOvaries*KidneysLiverSpleenAdrenalsLungsTestesHeart

wallBrainTotal

body*rad/mCi1.11.00.910.800.460.240.240.050.0440.0400.0350.0300.0270.0270.0080.058

' Calculated for 4.8 hr voiding interval.

f Ovaries and red bone marrow were not considered source

organs.

NOTES
" DuPont Company, No. Billerica, MA.

+Canberra, Meriden, CT.

* IBM Model XT Personal Computer, Armonk, NY.
s Atomic Energy of Canada Limited, Ontario, Canada.
1E. G. & G. Ortec, Oak Ridge, TN.
**Tracor Northern, Austin, TX.
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