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Recently, 5-[123I]iodo-3-(2(S)-azetidinylmethoxy)pyridine ([123I]5IA) was developed as a ligand 
for imaging the nicotinic acetylcholine receptor (nAChR) in human brain using single photon 
emission computed tomography (SPECT). In the present study, the toxicity and radiation absorbed 
dose of [123I]5IA were investigated. 

Behavior and physiological parameters were examined in mice and rats after administration of 
5IA. There were no changes in these parameters in animals administered 1/zg/kg of 5IA or less, 
indicating that the no observed effect level (NOEL) of 5IA was 1 /.tg/kg. [123I]5IA was then 
administered to healthy human subjects and serial whole-body images were acquired over 24 hr. 
Initially, high levels of radioactivity were observed in the liver and urinary bladder and moderate 
levels in the lungs, kidneys, and brain. Whole brain activity at 1 hr was 4.6 _+ 0.4% of the injected 
dose and this value gradually decreased with time. The majority (-75%) of the radioactivity was 
excreted in urine within 24 hr, and less than 1% remained in all organs tested. The biological half- 
life of [123I]5IA averaged 7.2 _+ 4.0 hr. Based on the biodistribution data, radiation absorbed doses 
were estimated using MIRDOSE 3.1 software with the dynamic bladder model and the ICRP 
gastrointestinal (GI) tract model. Consequently, the effective dose equivalent was estimated to be 
30 _+ 1.4/zSv/MBq, which is an acceptable radiation burden. Having determined the safety of this 
compound, we performed SPECT imaging in a healthy human subject using 171 MBq of [123I]5IA. 
SPECT images clearly revealed a cerebral distribution of radioactivity that was consistent with the 
known distribution of central nAChRs in humans. These results suggest that [123I]SIA is a promising 
ligand for imaging nAChRs in humans, with an acceptable dosimetry and pharmacological safety 
at the dose required for adequate SPECT imaging. 
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~TRODUCTION 

NICOTINIC ACETYLCHOLINE RECEPTORS (nAChRs) are a family 
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of ligand-gated ion channels that regulate neurotransmis- 
sion in the central and peripheral nervous systems. These 
receptors are of great interest because they are implicated 
in various brain functions, such as cognition and 
memory,l,2 and in nicotine-induced neuroprotective 3 and 
analgesic effects. 4 In addition, changes in the density of 
nAChRs have been reported in various neurodegenerative 
disorders including Alzheimer's disease 5,6 and Parkinson's 
disease. 7'8 Thus, imaging of nAChRs in the brain with 
positron emission tomography (PET) or single photon 
emission computed tomography (SPECT) has been of 
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great interest for the evaluation of brain functions and the 
diagnosis of neurodegenerative disorders. The develop- 
ment of a radioligand suitable for this purpose has been 
desired. 

Recently, 5-[123I]iodo-3-(2(S)-azetidinylmethoxy) pyri- 
dine (5IA), a derivative of A-85380 iodinated at the 5- 
position of the pyridine ring, was reported to be a prom- 
ising ligand for imaging nAChRs because of its high 
uptake in the rodent and primate brain, a distribution 
consistent with the known density of nAChRs, and low 
non-specific binding. 9-13 Thus, characterization of its 
pharmacological effects and information on its biodis- 
tribution and organ radiation burden in humans have been 
required for the clinical application of [r23I]5IA brain 
SPECT. 

The Food and Drug Administration proposes that a test 
compound be administered to small numbers of animals 
to identify doses causing no adverse effect and does not 
recommend calculating lethality parameters using large 
numbers of animals, j4 In the present study, we investi- 
gated changes in behavior in mice and in physiological 
parameters in rats after administration of 5IA to determine 
the NOEL of this ligand. Based on these results, the dose 
of [123I]5IA was determined and then administered to 
healthy human volunteers to measure the whole-body 
distribution, to estimate the radiation absorbed doses, and 
to obtain SPECT images of [123I]5IA in the human brain. 

MATERIALS AND METHODS 

Chemicals 
5IA and 5-(tri-n-butylstannyl)-3-( 1-tert-butoxycarbonyl- 
2(S)-azetidinylmethoxy)pyridine, the stannyl precursor 
of [123I]5IA, were synthesized according to a previous 
report. 13 No carrier-added sodium [123I]iodine was sup- 
plied by Nihon Medi-Physics Co. Ltd. (Nishinomiya, 
Japan). All other chemicals used were of reagent grade. 

Studies in animals 
Male ICR mice and male Sprague-Dawley rats were 
supplied by Japan SLC Co. Ltd. (Hamamatsu, Japan). The 
animal experiments were conducted in accordance with 
our institutional guidelines and approved by the Kyoto 
University Animal Care Committee. 5IA was injected as 
a physiological saline solution. 

Behavioral test 
Male ICR mice weighing 28-32 g were separated into 
four groups (five per group) and injected intravenously 
with either vehicle or one of three doses of 5IA: 10/.tg/kg 
= 27.5 nmol/kg, 1/.tg/kg = 2.75 nmol/kg, or 0.1 Ftg/kg = 
0.275 nmol/kg. For 60 min after the administration, the 
righting reflex, motor functions and spontaneous locomo- 
tion were observed. Mice were bred for another week after 
5IA administration, and the sub-acute toxicity of 5IA was 
assessed by measuring their weights. 

Changes in physiological parameters 
Male Sprague-Dawley rats weighing 280-320 g were 
anesthetized with chloral hydrate (400 mg/kg intraperito- 
neal injection) and implanted with a catheter into the left 
femoral artery. The catheter was connected through a 
three-way stopcock to a pressure transducer (COBE, 
Cobe Laboratory Inc., USA) and a monitor (CM-861, 
Fukuda Denshi Co. Ltd., Tokyo, Japan) for measuring 
arterial blood pressure. Heart rate, respiratory rate, blood 
gases (PCO2 and PO2), and blood pH were also measured. 
Heart rate was measured using the same monitor. Respi- 
ratory rate was counted with the naked eye. Blood pH and 
blood gases were determined with a dedicated analyzer 
(M278 Blood Gas System, Ciba-Corning, Germany). 
Prior to the administration of 5IA, basal values of each 
parameter were obtained. 

Rats were separated into four groups (four or five per 
group) and injected intravenously with vehicle or one of 
three doses of 5IA: 5/.tg/kg = 13.8 nmoi/kg, 2//g/kg = 5.51 
nmol/kg, or 1/.tg/kg = 2.75 nmoi/kg. Mean arterial blood 
pressure (MABP) and heart rate were monitored continu- 
ously up to 60 min after the administration of each drug. 
The respiratory rate was counted 1, 2, 3, 5, 15, 30, 45, and 
60 min after the administration. Blood pH and blood gases 
were determined by withdrawing blood via the three-way 
stopcock at 5, 15, 30, 45, and 60 min. The body tempera- 
ture of each rat was maintained at 37~ throughout the 
study. 

Data were analyzed using a one-way analysis of vari- 
ance (ANOVA) followed by Dunnett's test to compare 
the parameters after the drug administration to the baseline. 
Differences were considered significant when p < 0.05. 

Studies in humans 
These experiments were approved by the Institutional 
Review Board of Kyoto University Hospital. 

Radiolabeling 
Radiolabeling was performed according to a previous 
report 13 with slight modifications. Briefly, reagents were 
added into a vial in the following order: no-carrier-added 
sodium [123I]iodine (1110 MBq), 100/.tg of stannyl pre- 
cursor (10/d of ethanolic solution), 160/1/of 1.5% acetic 
acid, 10/.tl of 3 mol/l HCI, and 20/1/of 5% H202 solution 
as an oxidant. The mixture was stirred at 75~ for 15 min. 
Concentrated HC1 was then added and the resulting solu- 
tion stirred for 10 min at 75~ The mixture was basified 
with sodium hydroxide, extracted with ethyl acetate, and 
purified by reverse-phase HPLC. After rotary evaporation 
of the eluent, the residue was formulated in 0.9% saline 
and filtered through a 0.2/.tm filter into a sterile vial. 
Sterility was confirmed by lack of growth in tryptone soya 
broth/gelatin peptone. No endotoxin was detected by a 
limulus test based on the ability of endotoxin to induce 
coagulation of the amebocyte iysate of the horseshoe 
crab, Limulus polyphemus. Radiochemical yield was more 
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than 40% and radiochemical purity was greater than 98%. 
The specific activity determined from the UV absorbance 
at 254 nm was more than 169 GBq/#mol (the limit of 
detection with this method). 

Subjects 
Three healthy males were recruited for the whole-body 
scan (age: 19, 20, 67 years) and another healthy male was 
recruited for the brain SPECT (age: 20 years). All volun- 
teers were nonsmokers. Before the imaging, written in- 
formed consent was obtained from each participant. 

Whole-body image acquisition 
Volunteers were positioned supine with their arms along- 
side their body. Whole-body images were acquired using 
a dual-headed gamma camera (RC-2500IV, Hitachi Medi- 
cal Co., Tokyo, Japan). In this system, a low-energy high- 
resolution collimator was used, and the energy peak was 
centered at 159 keV with a 20% energy window. 

Whole-body planar images were acquired 0.5, 1, 2, 5 
and 24 hr after the injection of 100 MBq of [123I]5IA. 
Acquisition was performed simultaneously in anterior 
and posterior positions. The scan speed was 15 cm/min 
and Matrix size was 256 x 1024 pixels. 

Urine collection 
Urine was collected up to 24 hr after injection. The 
volunteers were briefed to collect their urine and to record 
the volume and time of voidance. From each urine sample, 
three aliquots were measured in an automatic gamma 
counter (Aloka Co. Ltd., Tokyo, Japan). Measurements of 
radioactivity were corrected for physical decay and mul- 
tiplied by the urine volume at each voidance. The total 
amount of radioactivity was expressed as a percentage of 
the injected radioactivity (% ID) of [123I]5IA. 

Image analysis 
The quantification of uptake after injection of [123I]5IA 
was performed using a region of interest (ROI) method. 
ROIs were drawn over the whole-body or various organs 
(brain, thyroid, lungs, heart, liver, spleen, abdomen, and 
left kidney) using HARP-Ill (Hitachi Medical Co., To- 
kyo, Japan). All ROIs were drawn by the same operator to 
minimize variability in region definition. The activity in 

the abdomen meant the gastrointestinal activity excluding 
liver, spleen, kidneys, and urinary bladder. The activity in 
kidneys was determined by doubling that in the left 
kidney, i.e., the activity in the right kidney was taken to be 
the same as that in the left. This was done to avoid 
overestimating the activity in the right kidney due to 
overlap with the liver. Almost all ROIs (except for the 
thyroid, which was drawn on the latest image) were drawn 
on the earliest images, and the shapes and sizes were kept 
constant in all subsequent images. ROIs drawn on the off- 
body region beside the volunteer's head were used as the 
instrumental background. After subtracting the instru- 
mental background activity from the organ activity (as 
counts/pixel), the geometric mean of the anterior and 
posterior counts for the whole-body or each organ was 
calculated. The whole-body geometric mean count of the 
first scan was taken as the injected radioactivity, because 
the first images were acquired before excretion. The 
activity of the whole-body or each organ was calculated 
with the following equation: (geometric mean counts in 
whole-body or organ at each time point)/(geometric mean 
counts in first whole-body) x 100, and expressed as % ID. 

Estimating radiation absorbed dose 
For each individual, non-decay-corrected time-activity 
curves were generated for the brain, thyroid, lungs, heart, 
liver, spleen, and kidney. The terminal elimination phase 

Fig. 1 Changes in body weight after administration of 5IA or 
vehicle. Mice were weighed before (Before) and 7 days after 
administration (After). No significant difference was observed 
between vehicle and 5IA-treated groups at either time point. 

Table 1 Changes in behaviors after administration of 5IA 

Righting reflex Grooming Spontaneous locomotion 

0--30 min 30-60 min 0--30 min 30-60 min 0-30 rain 30-60 min 

Vehicle + + + + + + 
O. 1 ~g/kg + + + + + + 
1//g/kg + +_ + _+ _+ +_ 
10/.tg/kg + + ~ (2) + ~ (5) + 

+: No change, $ : Decrease 
The number in parentheses represents the number of mice exhibiting the abnormal behavior. (5 mice in each group.) 
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of the curves was extrapolated to infinity. Organ residence 

times were determined by calculating the area under the 
extrapola ted t ime-act ivi ty  curves with the t rapezoidal  
method using WinNonlin version 1.5 software. The resi- 

dence time of  urinary bladder was calculated by applying 
the dynamic bladder model, 15 with a voiding interval of  

4.8 hr (representing a rate of  5 times a day, typical of  a 

normal adult). Residence times of  GI tracts were calcu- 
lated by applying the ICRP 30 GI tract model, 16 assuming 
that an activity passed through various segments of  the GI 

tract at standard rates. Then using these residence times, 

organ absorbed doses and effective dose were estimated 
with the MIRDOSE 3.1 software package.17 

Table 2 Effects of 5IA on respiratory rate (breaths/min) 

Baseline 1 min 2 min 3 min 5 min 15 min 30 min 45 min 60 min 

Vehicle 104• 105• 108• 107• 113• 116• 118• 116• 111• 
1/.tg/kg 106• 113• 113• 114+15 111• 114• 121• 119• 110• 
2 ~g/kg 111• 119• 117• 114• 116• 131• 125• 124• 120• 
5 ,ttg/kg 111 •  162• 12# 150• 13# 144• 141 • 16# 138• 16# 138• 17# 128• 126• 10 

Values are mean • s.d. 
#p < 0.01, *p < 0.05 vs. Baseline. 

Table 3 Effects of 5IA on heart rate (beats/min) 

Baseline 1 min 2 min 3 min 5 min 15 rain 30 min 45 min 60 rain 

Vehicle 236•  227•  225•  236•  225• 221•  225•  224•  233•  
1/.tg/kg 230 • 24 245 • 17 242 • 6 236 • 15 243 • 8 227 • 6 234 • 13 237 • 12 233 • 13 
2/.tg/kg 240•  252•  248• 240•  246•  254• 239• 236•  243•  
5 ~g/kg 251•  255•  255• 251•  257• 255• 255• 254•  263• 

Values are mean • s.d. 
No significant change was observed in any group. 

Table 4 Effects of 5IA on mean arterial blood pressure (% of baseline) 

Baseline l min 2 min 3 min 5 min 15 min 30 rain 45 rain 60 min 

Vehicle 100 103 • 2 105 • 1 97 • 6 91 • 2 100 • 5 104 + 10 101 • 11 100 • 10 
1/.tg/kg 100 101• 106• 103• 104• 101• 103• 9 7 •  94•  
2/ag/kg 100 99 • 2 99 • 5 96 • 16 99 • 17 89 • 11 94 + 3 94 • 7 91 • 6 
5/.tg/kg 100 95 •  94•  99• 102• 108• 99+6  103• 112• 

Values are mean • s.d. 
No significant change was observed in any group. 

Table 5 Effects of 5IA on blood gas parameters 

Baseline 5 min 15 min 30 min 45 min 60 min 

pH Vehicle 7.43• 7.42• 7.42• 7.43• 7.42• 7.41• 
l ~ g & g  7.37• 7.37• 7.36• 7.37• 7.37• 7.36• 
2flg&g 7.37• 7.35• 7.36• 7.35• 7.35• 7.36• 
5pg/kg 7.39• 7.36• 7.37• 7.37• 7.38• 7.38• 

PCO2 (mmHg) Vehicle 48.0• 48.4• 49.0• 45.7• ~ . 9 •  45.1• 
l ~ g & g  ~ . 8 •  ~ . 3 •  46.3• 45.6• ~ . 9 •  ~ . 1 •  
2pg/kg 50.4• 53.5• 48.9• 46.6• ~ . 5 •  43.6• 
5~g&g 48.0• 50.0• 48.4• 45.8• ~ . 9 •  43.7• 

PO2 (mmHg) Vehicle 74.6• 75.0• 76.4• 75.4• 77.9• 79.0• 
l~g&g  80.5• 78.4• 80.3• 80.8• 80.2• 78.9• 
2~g&g 77.9• 72.2• 76.1• 81.3• 80.3• 83.0• 
5~g/kg 75.8• 71.2• 76.3• 79.0• 79.6• 83.7• 

Values are mean _+ s.d. *p < 0.05 vs. Baseline. 
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Brain SPECT 
Brain SPECT was performed at 4 hr after the administra- 
tion of 171 MBq of [J23I]5IA. The subject received 
Lugol's solution (containing 400 mg of potassium iodide) 
orally 30 min prior to receiving [123I]5IA. SPECT images 
were acquired for 20 min with a three-headed rotating 
gamma camera system (PRISM 3000, Picker Interna- 
tional, Inc., USA) equipped with low-energy,  high 
resolution, fanbeam collimators. This system provided a 
spatial resolution of 8.0 mm full-width at half-maximum 
(FWHM) at the center of the field of view with a sensitiv- 
ity of 135 cps/MBq. 

All SPECT images were filtered with a Butterworth 
filter (cutoff frequency, 0.25; order, 4) and reconstructed 
using a filtered backprojection algorithm with a ramp 
filter. Attenuation correction was performed using the 
ellipses outer line approximation and Chang's method 
(coefficient of 0.06/cm), which assumes that the attenua- 
tion process is homogeneous throughout the brain and can 
be described by an exponential function. 

RESULTS 

Fig. 2 Typical anterior whole-body images 30 min and 5 hr after 
the intravenous administration of [123I]5IA. Brain, lungs, liver 
and bladder were clearly visualized in both images. 

Behavior 
In all three dose groups tested (0.1 ~g/kg, 1/.tg/kg, and 10 
/.tg/kg), no changes were observed in the righting reflex or 
motor functions such as grip, walking and tonus of muscle 
in mice after administration of 5IA. No changes in spon- 
taneous locomotion or grooming were noted in the ani- 
mals administered 1/~g/kg of 5IA or less. In the 10/.tg/kg 
treated group, decreases in spontaneous locomotion (5 
mice in 5 mice) and grooming (2 mice in 5 mice) were 
observed 0-30 min after 5IA administration, but this 
sedative effect was transient and disappeared within 30 
min post-administration (Table 1). 

No significant difference was observed in body weight 
among control or 5IA-treated groups at 7 days after drug 
administration. This suggests that at 10/~g/kg or less, 5IA 
has no sub-acute toxicity (Fig. 1). 

Physiological parameters 
The administration of 5/.tg/kg of 5IA immediately re- 
sulted in a significant increase in the respiratory rate (111 
+ 4 breaths/min at baseline and 162 + 12 breaths/min at 1 
min), and this increase was significant until 45 min (128 
+ 6 breaths/min at 45 min). The administration of 2/lg/kg 
also tended to increase the respiratory rate, although not 
significantly (111 + 7 at baseline, 119 + 16 at 1 min and 
131 + 15 at 15 min). On the other hand, no significant 
changes were noted in the group treated with vehicle or 1 
/lg/kg of 5IA (Table 2). Heart rate averaged 236 + 16 
beats/min in the vehicle-treated group with no significant 
difference from the values for the three groups treated 
with 5IA (Table 3). In rats administered a dose of 5 ~tg/kg 
or less, 5IA did not produce any changes in mean arterial 
blood pressure (MABP) (74 + 12 mmHg at basal and 

Fig. 3 Time-activity curves for various organs. Data were not 
corrected for decay and are expressed as percent injected radio- 
activity of [123I]51A. Each point represents the mean _+ s.d. for all 
subjects. 

Table 6 Mean residence times for all subjects 

Residence time (hr) 

Liver 1.36 + 0.15 
Urinary bladder content 1.24 + 0.30 
Upper large intestine 0.79 + 0.04 
Lower large intestine 0.64 + 0.03 
Lungs 0.56 + 0.28 
Brain 0.47 + 0.14 
Small intestine 0.41 + 0.02 
Kidneys 0.31 + 0.06 
Spleen 0.18 + 0.01 
Thyroid 0.14 + 0.06 
Rest of body 4.57 _+ 1.29 

Values are the mean + s.d. 
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91-105%, 94-106%, 89-100%, and 94-112% of baseline 
during 60 min after administration of vehicle, 1/.tg/kg, 2 
/.tg/kg, and 5/.tg/kg, respectively) (Table 4.). Rats admin- 
istered 100/zg/kg of 5IA showed transient increases in 
both heart rate and MABP. 

No changes in blood pH or blood gases were noted 
in the animals administered 1/.tg/kg of 5IA. In rats ad- 
ministered 2/lg/kg and 5 pg/kg of 5IA, PCO2 tended to 
decrease and PO2 tended to increase at 60 min after in- 
jection (Table 5). 

Biodistribution 
Serial whole-body images of  [123I]5IA are shown in 
Figure 2. The temporal distribution profiles of the radio- 
activity in various organs are shown in Figure 3. At 30 min 
after injection, high levels of radioactivity were accumu- 
lated in the liver and urinary bladder, and moderate levels 
in the lungs, kidneys and brain. The radioactivity in the 
liver and lungs was rapidly eliminated. Penetration of the 
blood-brain barrier peaked at 1 hr after administration and 
was followed by a gradual decrease. The radioactivity in 
the kidneys decreased gradually with time. A small amount 
of radioactivity was observed in the thyroid. Twenty-four 
hours after injection, less than 1% of the injected radioac- 
tivity remained in any organs. The biological half-life of 
[123I]5IA averaged 7.2 + 4.0 hr. 

The radioactivity in the urinary bladder increased 
rapidly, indicating prompt excretion through the renal 
system. The mean measured urinary excretion 24 hr 
after injection was 74 + 4%. No clear evidence of biliary 
excretion was seen on the images. Furthermore, the ad- 
ministration of [123I]5IA did not cause any changes in 
blood, liver, or urine parameters. 

Table 7 Radiation dose estimates for [J23I]5IA 

Target organ Absorbed dose (#Gy/MBq) 

Thyroid 145 + 61 
Urinary bladder wall 98 + 21 
Lower large intestine wall 63 + 2.7 
Upper large intestine wall 54 + 2.3 
Kidneys 35 + 5.8 
Spleen 32 + 2.3 
Liver 32 + 2.9 
Small intestine 25 + 1.2 
Lungs 18 + 7.4 
Ovaries 18 + 0.9 
Uterus 17 + 0.8 
Gallbladder wall 15 + 1.2 
Heart wall 15 + 3.7 
Brain 14 + 4.2 
Bone surfaces 11 + 2.2 
Pancreas 10 + 1.5 
Adrenals 10 + 1.6 
Total body 8.6 + 1.2 
Stomach 8.6 + 1.4 
Red marrow 6.9 + 1.1 
Muscle 6.7 + 1.0 
Testes 6.3 + 0.6 
Thymus 5.6 + 1.6 
Breasts 4.3 + 1.2 
Skin 3.8 + 0.8 

Effective dose equivalent* 30 + 1.4 
Effective dose* 32 + 2.6 

Values are the mean + s.d. *Units are/zSv/MBq. 

123 Fig. 4 SPECT images acquired 4 hr after administration of [ I]5IA. The distribution of [123I]5IA was 
associated with the known distribution of nAChR in human brain (thalamus > brain stem > cerebellum 
> cortex). 
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Dosimetry 
Table 6 shows mean residence times for three subjects 
calculated from the time-activity curves. The residence 
times for urinary bladder content were calculated using 
the dynamic bladder model and those for the intestinal 
tracts, using the GI tract model. The dataset of each 
subject was fitted independently. The residence time was 
highest for the rest of body, followed by the liver and the 
urinary bladder. From these data and the biological half- 
lives of each subject, radiation absorbed doses were esti- 
mated using the MIRDOSE 3.1 software and the mean 
values obtained are shown in Table 7. 

The highest radiation dose was to the thyroid, followed 
by the urinary bladder wall, lower large intestine wall and 
upper large intestine wall. The effective dose equivalent 
was 30 + 1/.tSv/MBq. 

Brain SPECT 
The SPECT image obtained 4 hr after the administration 
of [123I]5IA revealed the highest uptake of radioactivity 
to be in the thalamus. The radioactivity in the brain stem 
and the cerebellum was greater than that in the cerebral 
cortices (Fig. 4). 

DISCUSSION 

The safety of a radioligand is determined by both its 
toxicity and radiation. 

Since the righting reflex remained unchanged and grip, 
walking and tonus of muscle were normal in mice admin- 
istered 10/zg/kg of 5IA or less, 5IA had no effect on motor 
functions or static senses at 10/~g/kg or less. On the other 
hand, transient decreases in spontaneous locomotion were 
observed in all mice administered 10/zg/kg of 5IA. The 
inhibitory effect on the central nervous system seems to 
be responsible for this finding, since motor dysfunctions 
were not observed at this dose. Thus, since no abnormal 
behavior was observed at 1/.tg/kg or less, the NOEL of 
5IA was 1/.tg/kg. 

The experiments on physiological parameters demon- 
strated that the respiratory rate tended to increase in rats 
injected with 2/.tg/kg and 5/zg/kg of 5IA. Since nicotine 
has also been reported to increase the respiratory rate, 18 
the effect of 5IA on respiration may be mediated by 
nAChR. The respiratory rate, cardiovascular parameters 
and blood gas parameters were not changed from the 
baseline in the 1/zg/kg-treated group. Therefore, the 
experiments on physiological parameters also indicated 
that the NOEL was 1/.tg/kg. Given that an epibatidine 
analogue was lethal (30%) at an intravenous dose of 1.5 
lzg/kg, 19 5IA has a greatly reduced toxicity profile. The 
lower toxicity of 5IA might be associated with its low 
affinity for the 6(3/34 subtype, to which epibatidine binds 
with high affinity. 2~ 

The specific radioactivity of [123I]5IA is important to 
determine the chemical mass of 5IA to be administered. In 

the present study, a very high specific radioactivity of 
more than 169 GBq//lmoi was obtained. Based on the 
uptake of [123I]5IA by the brain, we estimated that 185 
MBq of [123I]5IA would be sufficient for SPECT imaging 
in humans. In this case, the chemical mass of [123I]5IA 
corresponds to less than 5.3 ng/kg (18.2 pmol/kg) for a 60 
kg individual (total dose; 0.32/zg), which is about 190 
times lower than the NOEL and about 230,000 times 
lower than the LD50 (4.2 pmol/kg). 22 Thus, these results 
would support the utilization of [123I]5IA in human nAChR 
imaging. 

From the point of view of radiation protection, another 
factor determining the safety of a radioligand, the radia- 
tion dose of [123I]5IA was estimated from whole-body 
images. Following injection of [123I]5IA, the majority 
(-75%) of the radioactivity was excreted in urine 24 hr 
after administration, demonstrating that [123I]5IA is mainly 
cleared from the renal system. The biological half-life of 
[123I]5IA averaged 7.2 hr. Based on the biodistribution 
data, the effective dose equivalent was calculated to be 30 
/~Sv/MBq. This value is in agreement with the results of 
another group 23 and lower than that of other 123I-labeled 
receptor imaging ligands such as [123I]IBF (41 ~Sv/ 
MBq) 24 and [123I]iodo-PK 11195 (40 #Sv/MBq). 25 On the 
other hand, the administration of 171 MBq of [123I]5IA 
(0.0049/zg/kg) clearly revealed a regional SPECT image 
which is consistent with the distribution of nAChR in 
human brain2; that is, the level of radioactivity was 
highest in the thalamus, high in the brain stem, moderate 
in the cerebellum and low in the cortical area. So, even if 
185 MBq of [123I]5IA is administered, the effective dose 
equivalent is estimated to be 5.6 mSv, which is almost the 
same as the average effective dose equivalent per patient 

from nuclear medicine (5 mSv). 26 Thus, the use of up to 
185 MBq of [123I]5IA may be adequate for SPECT imag- 
ing of nAChR in humans. 

The highest absorbed dose was estimated in the thyroid 
based on whole-body imaging. This result indicates the 
necessity for thyroid blockade by the administration of 
Lugol's solution before the use of [123I]5IA. 

In conclusion, the NOEL of 5IA was 1 /zg/kg and 
therefore, it is predicted that [123I]5IA injected at the usual 
clinical dose would have no pharmacological effect. In 
addition, the radiation absorbed dose estimated based on 
the results of whole-body imaging appeared acceptable 
for clinical SPECT imaging. Furthermore, the regional 
distribution of radioactivity in the image of human brain 
was associated with the known nAChR distribution. These 
results highlight the promise of [123I]5IA as a ligand for 
the SPECT imaging of nAChR in humans. 
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