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In vivo imaging of adenosine 2A receptors (Axa) in the brain has at-
tracted significant interest from the scientific community, because
studies have shown that dysregulation of these receptors is impli-
cated in a variety of neurodegenerative and psychiatric disorders,
including Parkinson and Huntington diseases. This work aimed to
describe the kinetic properties, test-retest results, and dosimetry
estimates of 123I-MNI-420, a SPECT radiotracer for the in vivo im-
aging of Apa in the brain. Methods: Nine healthy human subjects
were enrolled in this study; 7 completed 23]-MNI-420 brain SPECT
studies, and 2 participated in whole-body planar imaging evaluating
123]-MNI-420 biodistribution and dosimetry. For 3 of the brain SPECT
studies, arterial blood was collected for invasive modeling. Nonin-
vasive models were also explored, including Logan graphical anal-
ysis and simplified reference tissue models. Test-retest reliability
was assessed in 4 subjects. To evaluate radiotracer biodistribution
and dosimetry, serial whole-body images were acquired immedi-
ately after injection and at selected time points after injection. Urine
samples were collected over a period of 21 h to calculate urinary
excretion. Results: 23]-MNI-420 rapidly entered the human brain
and displayed uptake consistent with known A, densities. At pseu-
doequilibrium (reached at 90 min after radiotracer injection), stable
target-to-cerebellum ratios of around 1.4-2.0 were determined. Bind-
ing potentials around 0.8-1.2 were estimated using different kinetic
models and the cerebellum as the reference region. Average test—
retest variability in the striatum was 4.8%, 3.5%, and 6.5% for the
simplified reference tissue model, Logan graphical analysis, and stan-
dardized uptake value ratio methods, respectively. The estimated
radiation effective dose determined from whole-body studies was
0.036 mSv/MBg. Conclusion: The data indicate that '23I-MNI-420
is a useful SPECT radiotracer for imaging A,a in the brain and has
radiation doses that would allow for multiple scans in the same re-
search subject each year. The availability of 123|-MNI-420 offers the
possibility of investigating A, activity in specific conditions and eval-
uating drug occupancy for A, candidate therapeutics.
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The physiologic action of extracellular adenosine, a neuromo-
dulator synthesized via conversion of extracellular adenine nu-
cleotides, occurs by interaction with 4 different G-protein—coupled
receptors: Ay, Asa, Ao, and Az (/—4). The pharmacology and brain
distribution of A; and A, have been extensively investigated. A,
is widely distributed in the human brain, including the hippocam-
pus, cortex, thalamus, globus pallidus, and cerebellum (3,5); con-
versely, A4 is more selectively distributed in the striatum, nucleus
accumbens, and olfactory tubercule. Lower levels of A,, are pres-
ent in the hippocampus and cortex (/-5).

A, has attracted significant interest from the scientific com-
munity, in particular as a novel therapeutic target in neurodegen-
erative disorders including Parkinson and Huntington diseases.
Multiple studies have demonstrated the coexpression of A, and
D, dopaminergic receptors in basal ganglia neurons that are im-
portant in movement control (/,6). Furthermore, adenosine has
also been implicated in neurodegeneration, and A,, antagonists
have been shown to be neuroprotective agents in experimental mod-
els of Parkinson disease (7). Dysregulation of A,4 function is also
associated with psychiatric diseases, including mood disorders,
panic disorders, schizophrenia, attention deficit hyperactivity dis-
order, depression, and addiction (4,6,8-9). Thus, in vivo imaging
of A,A using SPECT or PET would enable studies investigating
disease progression and treatment response in different psychiatric
and neurodegenerative disorders. Furthermore, an A,, selective
radiotracer would also be valuable in imaging studies evaluating
therapeutics targeting A, , such as drug occupancy studies, thereby
providing a useful tool for the drug discovery process.

A variety of PET radiotracers have been developed over the years
for imaging A, in the brain (/—4,10-11), and recently our group has
reported the development of a new SPECT radiotracer, '231-MNI-420,
to image brain A, . Preliminary evaluation of 23 I-MNI-420 in nonhu-
man primates showed binding in brain regions with an expected high
density of A4, and tracer uptake was blocked by the selective A,p
antagonist preladenant in a dose-dependent manner (/2), stimulating
the development of this radiotracer for human use. This report de-
scribes the pharmacokinetic properties of 2> I-MNI-420 in the human
brain, including kinetic modeling analyses and test-retest results. In
addition, it also reports the whole-body dosimetry results obtained in
healthy human volunteers after intravenous injection of 123I-MNI-420.

MATERIALS AND METHODS

Radiotracer Preparation and Injection
123]-MNI-420 was prepared as described previously (72). The radio-
tracer’s specific activity was greater than 7.4 TBq/pwmol (200 Ci/pmol),

No. 10 * October 2013


mailto:atavares@mnimaging.com
http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 15, 2017. For personal use only.

the injected mass dose was lower than 1 g, and the radiochemical purity
was greater than 90%. The mean administered activity was 175.2 *
7.1 MBq (range, 161-187 MBq). There were no adverse or clinically
detectable pharmacologic effects in any of the 9 subjects. No signif-
icant changes in vital signs, laboratory results, or electrocardiograms
were observed.

Subjects and Study Design

The study protocol was reviewed and approved by the New England
Institutional Review Board. All subjects gave their written informed
consent before participation in this study.

Nine healthy volunteers (based on medical history and physical
examination) (4 men and 5 women, mean age of 43.4 y [range, 20-63
y]) participated in the present study. None of them had a known
clinical history that could have affected the biodistribution or elimi-
nation of the radiotracer. Seven of those healthy volunteers (3 men and
4 women; mean age * SD, 41.43 £ 18.8 y; range, 20-63 y) completed
123.MNI-420 brain SPECT. Arterial blood was collected for 3 of
those 7 subjects for kinetic modeling. Test-retest SPECT scans were
obtained in 4 subjects, with an interval of 2-4 wk between imaging
sessions. Two subjects (1 man, age 57 y, and 1 woman, age 44 y)
participated in the whole-body imaging study of '23I-MNI-420. Thy-
roid uptake was blocked with Lugol solution for all volunteers (5%
iodine and 10% potassium iodide, 10 drops ~30 min before radio-
tracer injection). All subjects were required to refrain from drinking
caffeinated beverages, such as coffee, tea, and chocolate, for up to
12 h before the imaging session, because caffeine is a known non-
selective A, antagonist.

Brain Studies

SPECT Acquisition and Image Reconstruction. SPECT studies were
performed using a 3-head camera (Picker PRISM 3000 XP; Philips
Healthcare) equipped with low-energy high-resolution fanbeam colli-
mators. Data acquisition started immediately after radiotracer in-
jection as consecutive dynamic SPECT scans. Total scan time was 4 h,
with 3 dynamic phases: phase 1, sequential images every 10 min for
60 min, followed by a 30-min break; phase 2, sequential images every
20 min for 60 min, followed by a 30-min break; and phase 3, se-
quential images every 20 min for 60 min. An energy window of 15%
centered at 159 keV and continuous acquisition mode were used on all
3 phases. Acquisitions were obtained using a 128 x 128 matrix and
a zoom of 1. Raw SPECT data were reconstructed using the ordered-
subset maximum-likelihood expectation maximization method and
a low-pass postprocessing filter (order, 5; cutoff, 0.24).

Blood Analysis. Arterial blood samples (1 mL) were obtained from
the ulnar or radial arteries at selected time points after radiotracer in-
jection (15s,305,455,60s,755s,90s, 1055, 120 s, 135 5, 150 s, 4 min,
8 min, 15 min, 20 min, and 50 min). Additional samples (5 mL) at 3,
6, 10, 30, 80, 120, 150, and 200 min after injection were also collected
for metabolite analysis. All samples were collected into ethylene-
diaminetetraacetic acid—coated tubes and radioactivity in whole blood
and plasma assessed using a well-type y-counter with a 22- to 190-keV
window (2480; Perkin Elmer Wallac). Plasma samples were processed
by acetonitrile denaturation and analyzed by high-performance liquid
chromatography on a Waters Nova-Pak C18 column with a mobile
phase consisting of MeOH/H,0-Et;N (0.8%) 80/20 at a flow rate of
1.0 mL/min to estimate the parent fraction. The free protein binding
fraction was determined using ultrafiltration units (Amicon Centrifree
30; Millipore). Arterial plasma curves were corrected for metabolites.

Image Processing. Reconstructed scans were imported into PMOD
3.203 software (PMOD Technologies), merged into a single file for
image processing, and decay-corrected. Motion correction was per-
formed by creating an average image of consecutive scans with absence
of motion, which was then used as a reference for rigid matching of all
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scans in the study. Attenuation correction was performed by applying
the Chang algorithm (attenuation coefficient, 0.011 mm™!) to a semi-
automatically drawn ellipse around the brain (/3). The images were
subsequently scaled using the SPECT camera cross-calibration factor
(details on the cross-calibration procedure are presented in the supple-
mental data file available at http://jnm.snmjournals.org).

Average images of 23I-MNI-420 SPECT data, generated by aver-
aging the scans presenting the highest uptake in cortical and subcor-
tical brain structures, were normalized to an Montreal Neurological
Institute SPECT template. The transformation matrix was saved and
subsequently applied to the merged '?>I-MNI-420 dynamic scans.
Finally, a modified anatomic automatic labeling volume-of-interest
template, as described elsewhere (/4), was applied to normalized
123.MNI-420 SPECT images. The following brain regions were in-
cluded in the analysis: caudate, putamen, striatum, frontal cortex, pari-
etal cortex, temporal cortex, occipital cortex, and cerebellum.

Data Analysis. Time—activity curves were generated, where radio-
activity concentration was expressed as kilobecquerels per unit of tis-
sue volume. Standardized uptake values (SUVs) were calculated as
radioactivity concentration in the volume of interest divided by in-
jected dose (ID) divided by the subject weight. Subsequently, striatal
and cortical SUVs were divided by SUVs determined in the cerebel-
lum to yield SUV ratios (SUVr), with the cerebellum being the brain
region with the lowest concentration of Ajx.

Kinetic analysis was performed in PMOD using an invasive 1- or 2-
tissue-compartment (2T) model. Noninvasive reference tissue meth-
ods, such as the simplified reference tissue model (SRTM) and Logan
noninvasive graphical model, were also investigated (/5—17). The cer-
ebellum was used as the reference region for data quantification. Model
fitting performance was evaluated using the Akaike information cri-
terion (AIC) and model selection criterion (MSC), where the preferred
model had the lowest Akaike information criterion and highest MSC.
The selected identifiability criterion was the percentage SE of Vr (total
volume of distribution) estimates.

The binding potential, BPyp, defined at equilibrium as the ratio of
specifically bound to nondisplaceable radiotracer uptake in tissue (/5),
was calculated indirectly as (Vt — Vyp)/Vnp, Where Vyp (the non-
displaceable volume of distribution) was derived from the Vt of the
reference region. BPyp values were also determined directly from
SUVr curves at pseudoequilibrium as BPyp = SUVr — 1 (averaged
between 90 and 150 min after injection) and from kinetic modeling
using noninvasive methods.

Study results are expressed as mean = SD. Test—retest variability in
the striatum was calculated as the absolute values of the difference
between test and retest, divided by the mean of test and retest values,
expressed as a percentage.

Dosimetry Studies

Whole-Body Planar Imaging. The subjects lay supine in a dual-
head large field-of-view y-camera (Picker AXIS; Philips Healthcare)
for sequential anterior and posterior whole-body scans. A low-energy
high-resolution collimator and an energy window of 15% centered at
159 keV were used on all images acquired. Acquisitions were ob-
tained using a 256 X 1,024 matrix and a zoom of 1. Images were
acquired immediately after radiotracer injection and at 1, 2, 3, 4, 5,
6, 7, and 21 h after injection, with a scan speed of 11 cm/min. The
percentage ID (%ID) for each time point was calculated by cross-
calibration between the radioactive source placed alongside the sub-
ject’s distal portion of the leg and the dose calibrator value.

Urine was collected for up to 21 h to measure the fraction of ac-
tivity voided by the renal system. Activity not excreted in urine was
assumed to be eliminated in feces. Radioactivity in urine was mea-
sured using a well-type y-counter (2480; Perkin Elmer Wallac) and
a 22- to 190-keV window.
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sion on Radiological Protection, publication
30 (19), as incorporated in OLINDA/EXM 1.0
(18). This model assumes that a fraction of
injected activity enters the small intestine
with no reabsorption. The fraction of injected
activity entering the small intestine was esti-
mated as the highest fraction encountered in
the intestinal area within the whole-body
scans.

RESULTS

FIGURE 1.

Data Analysis and OLINDA Estimations. For each subject, regions
of interest (ROIs) were drawn in organs that displayed higher radioactivity
concentration than background—that is, source organs. The set of ROIs
delineated in the anterior projection was applied to all images and, if
needed, corrected for differences in subject position at different ac-
quisition time points. Finally, ROIs were mirrored on their long axis
for the posterior projection images. ROI shapes and sizes were kept
constant for each emission image. The following organs were identi-
fied as source organs: brain, heart, liver, gallbladder, intestine, urinary
bladder, lungs, and spleen. Whole-body ROIs were drawn around the
subject’s body and were used for quantification of whole-body re-
mainder activity as whole-body activity minus source organ activity.

The residence time T, defined as the ratio of accumulated activity in
the target organ (A) and injected activity (Ag), T = A/A,, was calcu-
lated as the area under the curve of the tissue time-activity curve
normalized to %ID from time zero to infinity. The trapezoidal method
was used for estimating T, and after the last measured time point it was
assumed that the radiotracer underwent only physical decay with no
biologic elimination from the source organ. The calculated T was
entered into OLINDA/EXM 1.0 software (/8), which was used to
estimate organ doses and effective doses according to the male or
female model implemented in OLINDA/EXM 1.0. Residence times
for the small intestine and the upper and lower large intestines were
estimated using the gastrointestinal model of the International Commis-

Representative SPECT SUV sum image (0-240 min) of 23-MNI-420 distribution
in human brain. Transverse, sagittal, and coronal planes (left to right).

Brain Studies

1231.MNI-420 rapidly entered the hu-
man brain, where the whole brain uptake
peaked at 10 min after injection. Marked accumulation was found
in the caudate and putamen, regions known to have high densities
of Aja. Conversely, low levels of radioactivity were found in the
cortical areas and cerebellum (Figs. 1 and 2). Caudate, putamen,
and striatum SUVr time curves progressively increased until
around 90 min after injection and then stabilized until the end
of the imaging session. The pseudoequilibrium, demonstrated by
curve slope values close to zero (average slope of —0.03 = 0.09,
0.01 £ 0.09, and —0.03 = 0.11 h™! for the caudate, putamen and
striatum, respectively, values reported as mean * SD, n = 7), was
reached 90 min after radiotracer injection.

The analysis of the metabolites in arterial plasma using high-
performance liquid chromatography showed decomposition of the
original radiotracer into polar metabolites. Thirty minutes and 2 h
after radiotracer injection, the parent fraction in arterial plasma
was 86.7% = 11.8% and 62.7% * 11.0% (mean * SD, n = 3),
respectively, reaching a value of around 50% at the end of the
scanning session (Fig. 3).

Kinetic modeling using the preferred invasive method, the 2T
model (Supplemental Table 1), showed that the highest Vt and
BPyp values were determined in the A;5-rich regions—that is, the
caudate, putamen, and striatum. The use of noninvasive models, such
as SRTM, Logan plot (t* = 10 min), and pseudoequilibrium SUVr
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FIGURE 2.

(Left) Decay-corrected mean SUV time-activity curves in different brain regions. (Right) Mean SUVrs over time in selected brain

regions. Cerebellum was used as reference region. Results plotted as mean *= SD (n = 7). SUVrs reached pseudoequilibrium around 90 min

after radiotracer injection.
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FIGURE 3. Mean parent fraction profile in plasma over time after
intravenous bolus injection of 123]-MNI-420 (results plotted as
mean *= SD, n = 3).

methods, also demonstrated that the BPyp values were higher in
the striatal region than in cortical regions (Table 1). A good cor-
relation was found between the gold standard 2T invasive model-
ing and several noninvasive methods (2 > 0.90) (Fig. 4); however,
the use of reference tissue methods underestimates the BPyp val-
ues in comparison to the 2T modeling by about 14% when using
the Logan plot or SRTM method (slope Logan plot and SRTM =
0.86, y intercept of —0.03) and 6% when using the SUVr method
(slope SUVr method = 0.94, y intercept of —0.02).

The measured test—retest BPyp values in the striatum showed an
agreement between measurements, where the percentage variabil-
ity was equal or below 10%, except for subject 4 (Table 2). This
subject was subsequently found to have inadvertently ingested
a single caffeinated beverage before radiotracer injection on the
retest scan (Supplemental Fig. 1).

Dosimetry Studies

Serial anterior whole-body images demonstrated rapid and avid
liver uptake of the radiotracer (uptake at 1 h after injection of
18.1% and 10.6% for subjects 1 and 2, respectively) (Fig. 5). This
observation, together with the noted radioactivity in the gallblad-
der (peak uptake of 2.5% and 1.1% for subjects 1 and 2, respec-

tively) and intestines, provided evidence that the excretion route
is mainly hepatobiliary. A small amount of radioactivity was ob-
served in the urinary bladder (uptake < 0.7%), and the mean measured
urinary excretion was 5.89% = 0.16% (6.00% and 5.78% for sub-
jects 1 and 2, respectively) of the administered activity over a pe-
riod of 21 h after injection. Radioactivity was also found in the
brain (peak uptake of 1.3% and 1.5% for subjects 1 and 2, respec-
tively), heart (peak uptake of 2.1% and 1.9% for subjects 1 and 2,
respectively), and lungs (peak uptake of 8.0% and 6.9% for subjects 1
and 2, respectively). The spleen radioactivity peaked shortly after
injection at 2.3% and 3.8% for subjects 1 and 2, respectively, and
cleared more slowly than in the heart, lungs, and brain. Figure 6
displays the mean time—activity curves for all source organs identified.

Excluding the remainder compartment, the T values were high-
est for the gastrointestinal organs, namely, the liver and intestines
in both subjects (Table 3). Table 4 lists the absorbed dose and
effective dose estimates for '23[-MNI-420 for the 2 subjects.
The intestinal walls received the largest radiation burden, with
average doses of 0.137 and 0.125 mGy/MBq for the lower large
intestine and the upper large intestine, respectively. The gallblad-
der, small intestine, liver, and spleen received average doses of
0.0535, 0.0566, 0.0436, and 0.0808 mGy/MBq, respectively. All
remaining organs received doses of 0.0352 mGy/MBq or less. The
mean effective dose for a human subject was found to be 0.0363
mSv/MBgq.

DISCUSSION

The present study evaluated '2>I-MNI-420 pharmacokinetic pro-
perties in the brain and dosimetry estimations in human subjects.
Similarly to our previous report in the nonhuman primate brain
(12), the results obtained herein show that 123]-MNI-420 accumu-
lation in vivo was consistent with known A,, distribution in the
brain (/-3,5). The present study shows that the optimal time for
scan acquisition and SUVr quantification after a single bolus in-
jection of 123[-MNI-420 occurs at 90 min after injection. Stable
SUVrs of around 1.6, 2.0, and 1.8 in the caudate, putamen, and
striatum, respectively, were determined in humans. Previous
human studies using [7-methyl-''C]-(E)-8-(3,4,5-trimethoxystyryl)-
1,3,7-trimethylxanthine (M'C-TMSX)—a successful PET radiotracer
for imaging A4 in the brain—reported distribution volume ratios
of around 1.4 and 1.5 in the caudate and putamen, respectively,
where the frontal, temporal, and occipital lobes were used as

TABLE 1
123]-MNI-420 Kinetic Analysis Using 2T Model with Arterial Input Function, SRTM, Logan Reference, and SUVr Methods
BPnp Logan BPnp SUVr
Brain region K4 (mL/mL/min) V1 (mL/mL) BPpp 2T arterial BPnp SRTM reference method

Caudate 0.09 = 0.01 3.18 = 0.30 0.76 = 0.14 0.68 = 0.17 0.68 = 0.15 0.76 = 0.14
Putamen 0.14 = 0.07 3.90 = 0.91 1.16 = 0.44 1.03 + 0.33 1.04 + 0.33 1.12 + 0.31
Striatum 0.11 = 0.04 3.58 + 0.65 0.98 + 0.31 0.86 = 0.25 0.87 = 0.24 0.94 = 0.23
Frontal cortex 0.09 + 0.03 2.07 = 0.18 0.15 = 0.03 0.08 = 0.04 0.08 = 0.04 0.09 = 0.02
Parietal cortex 0.10 = 0.03 2.07 = 0.24 0.15 = 0.06 0.11 = 0.05 0.08 + 0.02 0.09 *= 0.05
Temporal cortex 0.11 = 0.04 2.16 = 0.19 0.20 = 0.08 0.14 = 0.06 0.14 = 0.06 0.16 = 0.06
Occipital cortex 0.11 = 0.03 2.01 = 0.15 0.12 = 0.06 0.09 + 0.04 0.08 = 0.02 0.09 = 0.05
Cerebellum 0.11 = 0.02 1.80 = 0.13 — — — —

Highest V+ and BP,p values were determined in Asa-rich regions (i.e., caudate, putamen, and striatum) for all investigated methods.
Results presented as mean = SD (n = 3). BPyp SUVr method determined as average between 90 and 150 min after injection.
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FIGURE 4. Comparative analysis between BPy values obtained from 2T model using arterial input function and SRTM (A), Logan reference
(B), and SUVr method (C) (2 > 0.90 for all graphs). Note close proximity of correlation to line of identity (shown as dark bold line).

reference regions (20). Results obtained here using '23[-MNI-420
SPECT imaging compare favorably with previously developed
successful radiotracers for imaging A,4 in the brain.

In addition to SUVr estimations, the present study investigated
the use of the 2T model with arterial input function for quan-
tification of radiotracer pharmacokinetic properties in the brain.
Results demonstrated that the highest V1 and BPyp values were
observed in the caudate and putamen, as anticipated on the basis
of known A, density in the brain. The BPyp values estimated
using 2T modeling and the cerebellum as the reference region
were around 0.8, 1.2, and 1.0 for the caudate, putamen, and stria-
tum, respectively. Similar BPyp values were obtained when using
noninvasive quantification methods. Previous human studies with
successful A, PET imaging agents, namely 'C-SCH442416 and
1C-TMSX, have reported BPyp values in the caudate and puta-
men of around 0.5 to 1.1 and 1.0 to 1.3, respectively (2/-22). Our
BPyp results obtained using '23[-MNI-420 SPECT are in line with
the results previously reported using these PET agents, demon-
strating that the new radiotracer '23I-MNI-420 holds promise as
an A,, imaging probe.

The comparison between invasive and noninvasive methods of
quantification demonstrated that noninvasive methods tended to
underestimate the BPyp values by about 14% when using SRTM
and Logan reference and 6% when using the SUVr method. Our
results indicate that a 2T arrangement is needed to accurately de-
scribe 123[-MNI-420 regional time—-activity curves. Therefore, the
use of SRTM modeling, which assumes that radiotracer kinetics
follow a 1-tissue-compartment model, results in underestimation

of BPyp values. This is in agreement with previous observations by
Slifstein et al. in 2000 (23). A potential limitation of 123I-MNI-420
might be the inherent image noise, as a consequence of moderate
brain uptake (%ID = 1.4% and ~1.6 SUV measured in the puta-
men). This image noise could contribute to the BPyp underesti-
mation determined when modeling the data using the Logan
reference or even when modeling the data using the multilinear
reference-tissue models (Supplemental Table 2 and Fig. 2). Imag-
ing at 90 min after injection (SUVr method) appears to be the most
suitable noninvasive quantification method and provides BPyp
values that reflect receptor distribution with the least bias of all
investigated methods. The cerebellum was used as the reference
region for estimation of tissue ratios and BPyp, because it had the
lowest uptake and V- values of all brain regions. High-resolution
autoradiography experiments have shown that the cerebellum was
a region with low to negligible A, density in multiple species
(5,24), further supporting the use of the cerebellum as a reference
region. In addition, our preclinical investigations using nonhuman
primates demonstrated that displacement or preblocking of '23I-
MNI-420 binding in the brain using high doses of caffeine or
preladenant, respectively, did not reduce the radioactivity in the
cerebellum (/2), indicating that this region would be suitable as
a reference region. Results presented here indicate that reference
tissue methods, rather than more invasive arterial input function—
based methods, may be successfully used to quantify BPyp values
in the brain after bolus injection of 123[-MNI-420, even though an
underestimation of ~10% occurs when applying these methods of
analysis. A trade-off between accuracy and simplicity of image

TABLE 2
Test-Retest Results for Each Individual Healthy Human Subject Striatum
Subject 1 Subject 2 Subject 3 Subject 4*
Quantification Percentage Percentage Percentage Percentage
method Test Retest variability  Test Retest variability Test Retest \variability = Test Retest variability
SRTM 0.81 0.77 4.8 1.06 0.97 9.1 0.78 0.79 0.6 0.90 047 63.0
Logan 0.79 0.77 3.0 1.05 0.99 6.4 0.77 0.78 1.2 0.91 045 67.7
reference
SUVr method 0.87 0.90 3.4 1.15 1.09 5.4 0.98 0.88 10.8 0.95 0.48 65.9

*This subject consumed caffeinated beverages shortly before retest scan.
There was good agreement between test and retest measurements for all subjects and investigated methods of analysis, except
subject 4. Interval between test and retest scan ranged from 2 to 4 wk. BPynp SUVr method determined as average between 90 and

150 min after injection.
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FIGURE 5. Serial anterior whole-body images at 1, 2, 6, and 21 h
after 1231-MNI-420 injection. Intense liver activity is observed on 1-
and 2-h images, and significant gallbladder activity is seen on 6-h
image along with activity in liver and bowel system. Radioactive
source was placed alongside subject’s distal portion of right leg
(lower left corner of each image).

analysis is typically necessary when exploring simplified methods
in comparison to invasive more accurate methods. Therefore,
given the good agreement between noninvasive methods of quan-
tification and 2T modeling (+> > 0.90) and the small bias between
those 2 measurements, the test—retest results were derived using
the noninvasive methods.

The test-retest variability in the striatum determined using '231-
MNI-420 SPECT (excluding subject 4 due to caffeine exposure)
was found to be, on average, 4.8% when using the SRTM method,
3.5% when using the Logan reference, and 6.5% when using the
SUVr methods. These values compare favorably with previously
reported test-retest variability determined in humans with other
123[-]abeled SPECT radiotracers developed for brain receptor im-
aging. For example, a 10%—17% variability has been reported for
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FIGURE 6. Mean time-activity curves in source organs obtained
after bolus intravenous injection of 123I-MNI-420 (results plotted as
mean = SD, n = 2).
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TABLE 3
Residency Times (h) for Each Organ in Subject 1
and Subject 2

Organ Subject 1 Subject 2
Brain 0.07 0.12
Gallbladder contents 0.13 0.10
Lower large intestine 1.73 1.21
Small intestine 1.09 0.76
Upper large intestine 2.11 1.47
Heart wall 0.13 0.17
Liver 2.09 1.20
Lungs 0.64 0.68
Spleen 0.33 0.53
Urinary bladder contents 0.08 0.12
Remainder 6.83 9.13

SPECT measurement of benzodiazepine receptors using 23I-
iomazenil (25). Around 13% test-retest variability was determined
when using SPECT with ?*I-epidepride (26), whereas around 11%
and 12% test-retest variability was determined using '23[-FPCIT (123]-
23-carbomethoxy-3-(4-iodophenyl)-N-(3-fluoropropyl)nortropane)
and '2’[-B-CIT ('2*I-2p3-carboxymethyl-3-B-(4-iodophenyl)tropane),
respectively (27-28). A test-retest variability ranging between
13% and 22% was reported when using SPECT with 1231-ADAM
(1231-2-((2-((dimethylamino)methyl) phenyl)thio)-5-iodophenylamine)
29).

During the test-retest study, subject 4 inadvertently ingested
a caffeinated beverage shortly before the retest scanning session,
resulting in BPyp values about 60% lower than the test values.
This finding demonstrates the significant effect of caffeine on A4,
as in fact it has been shown in previous animal and human studies
(1,30-32). In nonhuman primates, we have found a 98% reduction
in 123[-MNI-420 binding when acutely injecting 20 mg of caffeine
per kilogram (~300 mg per baboon study) and around 54% re-
duction when injecting 5 mg of caffeine per kilogram (~75 mg per
baboon study) (/2). Given that a cup of coffee (170 mL) contains
around 100 mg of caffeine (32), the observed decrease in subject
4’s retest values in comparison with the test data is not surprising
and speaks to the need for rigorous caffeine restriction and per-
haps caffeine monitoring when conducting these studies.

Whole-body imaging sessions after administration of 123[-MNI-
420 in healthy male and female volunteers showed that the main
route of elimination was hepatobiliary. Furthermore, it was found
that the radiotracer was minimally excreted via the urinary system.
The mean effective dose was determined to be around 0.036 mSv/
MBgq, suggesting only modest radiation exposure associated with
123]_.MINI-420 imaging in human subjects and allowing multiple scans
to be performed in the same research subjects per year. The de-
termined mean effective dose is within the typical range of doses
for 123[-labeled radiotracers. For example, the effective dose de-
termined after intravenous injection of '23[-BCIT was found to be
around 0.036 mSv/MBgq, whereas for 2’ I-ADAM the effective dose
was around 0.021 mSv/MBq (33). Intravenous administration of
123151 A, another radiotracer currently used for neuroreceptor SPECT
imaging, resulted in an effective dose of around 0.03 mSv/MBq (34),
whereas 123[-iomazenil presented an effective dose of around 0.033
mSv/MBq (35). Although obtained results show that intravenous
injection of '231-MNI-420 resulted in effective doses similar to the
average effective dose per patient from common nuclear medicine
studies, given that only 2 subjects were enrolled in the present
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TABLE 4
Radiation-Absorbed Dose Estimates for 123]-MNI-420 (mGy/MBq)
Organ Subject 1 Subject 2 Mean SD

Adrenals 1.38E—-02 1.78E-02 1.58E-02 2.83E-03
Brain 3.52E-03 6.40E-03 4.96E-03 2.04E-03
Breasts 5.87E-03 8.93E-03 7.40E-03 2.16E-03
Gallbladder wall 5.60E-02 5.10E-02 5.35E-02 3.54E-03
Lower large intestine wall 1.51E-01 1.23E-01 1.37E-01 1.98E-02
Small intestine 5.82E-02 5.49E-02 5.66E-02 2.33E-03
Stomach wall 1.45E-02 1.93E-02 1.69E-02 3.39E-03
Upper large intestine wall 1.34E-01 1.15E-01 1.25E-01 1.34E-02
Heart wall 1.84E-02 2.81E-02 2.33E-02 6.86E-03
Kidneys 1.39E-02 1.77E-02 1.58E-02 2.69E-03
Liver 4.79E-02 3.92E-02 4.36E-02 6.15E-03
Lungs 2.17E-02 2.98E-02 2.58E-02 5.73E-03
Muscle 9.45E-03 1.27E-02 1.11E-02 2.30E-03
Ovaries 3.42E-02 3.61E-02 3.52E-02 1.34E-03
Pancreas 1.63E-02 2.22E-02 1.93E-02 4.17E-03
Red marrow 1.03E-02 1.27E-02 1.15E-02 1.70E-03
Osteogenic cells 2.34E-02 3.60E-02 2.97E-02 8.91E-03
Skin 5.12E-03 7.38E-03 6.25E-03 1.60E-03
Spleen 5.66E-02 1.05E-01 8.08E-02 3.42E-02
Testes 6.87E-03 NA 6.87E-03 NA

Thymus 7.62E-03 1.21E-02 9.86E-03 3.17E-03
Thyroid 6.30E-03 9.40E-03 7.85E-03 2.19E-03
Urinary bladder wall 1.85E-02 2.78E-02 2.32E-02 6.58E-03
Uterus 2.01E-02 2.35E-02 2.18E-02 2.40E-03
Total body 1.22E-02 1.54E-02 1.38E-02 2.26E-03
Effective dose (mSv/MBq) 3.64E-02 3.61E-02 3.63E-02 2.12E-04

NA = not applicable.

study, data should be interpreted as preliminary and future studies
are necessary to better characterize this radiotracer’s dosimetry.

The highest specific binding detected in the brain was found to
be in the striatum. '23[-MNI-420 demonstrated an initial brain
uptake of around 1.4% of the ID, and the average radiation dose
estimated in the whole brain was around 0.005 mGy/MBgq. This
estimated dose is based on the assumption that activity is
homogenously distributed in the brain; however, because this ra-
diotracer concentrates in the striatum, the exposure in that brain
region might be underestimated in comparison with the whole-brain
dose. Studies using different brain models are required to estimate
the absorbed doses in different brain regions.

CONCLUSION

The data reported here demonstrate that '2>I-MNI-420 is a useful
SPECT radiotracer for imaging A,4 in the brain. Kinetic modeling
analysis suggests that the cerebellum may be used as a reference
region for estimation of BPyp with noninvasive quantification
methods. The preliminary estimates of radiation dosimetry showed
that '23I-MNI-420 had an effective dose of around 0.036 mSv/MBq,
consistent with values reported for other SPECT radiotracers cur-
rently used for human neuroreceptor imaging.
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