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CHAPTER 5

IN-VIVO [123I]CNS-1261 BINDING TO D-SERINE ACTIVATED
AND MK801 BLOCKED NMDA RECEPTORS

A STORAGE PHOSPHOR IMAGING STUDY IN RATS

Remco J.J. Knola,b, Kora de Bruina, Berthe L.F. van Eck-Smita, Sally Pimlottc,
David J. Wyperc, Jan Booija,b

Submitted for publication
a Department of Nuclear Medicine, University of Amsterdam, Academic Medical Center,

Amsterdam, The Netherlands. b Graduate School of Neurosciences, Amsterdam, The
Netherlands. c Department of Clinical Physics, NHS Greater Glasgow and Clyde,

Glasgow, United Kingdom

Abstract
Disturbances of activity of the glutamatergic neurotransmitter system in the brain are pre-
sent in many neuropsychiatric disorders. The N-methyl-D-aspartate (NMDA) receptor is
the most abundant receptor of the glutamatergic system. In the neurodegenerative
events of Alzheimer’s disease, excessive activation of NMDA receptors may contribute to
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Figure 5.1. Time course biodistribution of [123I]CNS-1261 in the rat brain. Data are
expressed as the radioactive uptake in the brain area as a ratio to the cerebellar
uptake and are plotted as the average of 3 rats. Error bars represent ± 1 standard
deviation. Grey blocks are drawn to emphasize each time point of measurement.
Lines represent the time course of the uptake ratios for 3 brain structures; frontal
cortex (high availabilty of PCP/MK801/ketamine NMDA receptor binding sites), hip-
pocampus (low availability of binding sites) and pons (relatively low availability of
binding sites). Please note that the time scale is not linear.



127

[123I]CNS-1261 binding in rat brain

Table 5.1. Time course biodistribution of [123I]CNS-1261 in the male Wistar rat. Data
are expressed as the percentage of the injected dose, multiplied by the body
weight in grams per gram tissue or blood (%ID x g/g). The table displays the aver-
age ± 1 standard deviation for measurements in 3 rats at each time point.

5 min 15 min 30 min

Blood 0.84 ± 0.12 0.44 ± 0.04 0.24 ± 0.02
Fat 0.24 ± 0.10 0.38 ± 0.10 0.25 ± 0.11
Muscle 1.27 ± 0.55 0.97 ± 0.39 0.53 ± 0.19
Liver 5.24 ± 4.24 2.62 ± 0.39 1.29 ± 0.53
Spleen 6.03 ± 5.16 5.26 ± 0.68 3.78 ± 1.25
Kidney 13.70 ± 4.29 15.62 ± 2.25 9.37 ± 3.38
Heart 5.66 ± 1.60 2.61 ± 0.16 1.42 ± 0.22
Lung 42.76 ± 11.03 21.41 ± 4.79 11.11 ± 2.09
Cerebellum 4.53 ± 2.47 2.42 ± 0.34 1.39 ± 0.46

1h 2h 3h

Blood 0.20 ± 0.02 0.09 ± 0.01 0.08 ± 0.01
Fat 0.64 ± 0.27 0.40 ± 0.07 0.33 ± 0.06
Muscle 0.44 ± 0.03 0.24 ± 0.03 0.17 ± 0.04
Liver 1.68 ± 0.45 1.31 ± 0.20 0.96 ± 0.16
Spleen 3.31 ± 0.42 1.50 ± 0.16 0.97 ± 0.19
Kidney 10.50 ± 3.99 5.18 ± 3.74 6.73 ± 1.28
Heart 0.83 ± 0.16 0.43 ± 0.04 0.28 ± 0.07
Lung 5.34 ± 1.12 2.56 ± 0.52 2.00 ± 0.36
Cerebellum 1.03 ± 0.08 0.47 ± 0.02 0.30 ± 0.07

4h 6h 24h

Blood 0.08 ± 0.02 0.04 ± 0.01 0.01 ± 0.00
Fat 0.31 ± 0.05 0.12 ± 0.02 0.01 ± 0.00
Muscle 0.15 ± 0.01 0.04 ± 0.01 0.00 ± 0.00
Liver 1.32 ± 0.18 0.70 ± 0.12 0.36 ± 0.02
Spleen 0.75 ± 0.11 0.17 ± 0.02 0.01 ± 0.00
Kidney 7.95 ± 1.73 4.62 ± 0.16 2.86 ± 0.49
Heart 0.23 ± 0.05 0.08 ± 0.03 0.01 ± 0.00
Lung 1.42 ± 0.24 0.40 ± 0.14 0.03 ± 0.00
Cerebellum 0.24 ± 0.03 0.07 ± 0.01 0.02 ± 0.00



neuronal death. Inhibition of NMDA receptor activation may have neuroprotective
effects and (semi)quantitative imaging of the activated system may help in the selection
of patients for such inhibition therapies.

In this study, we evaluated [123I]CNS-1261 binding in the rat brain. This radiotracer
binds in-vivo to the MK801 binding site of activated NMDA receptors. To determine the
optimal time point for ex-vivo assessments after bolus injection [123I]CNS-1261 binding
in rats, we performed a time course biodistribution study using dissection techniques.
[123I]CNS-1261 binding was also studied in the rat brain using autoradiography by
means of storage phosphor imaging, with prior facilitation of NMDA receptor activation
by injection of the potent co-agonist D-serine and after blocking of the NMDA receptor
binding site by MK801 injection in D-serine pre-treated rats.

Measurements of [123I]CNS-1261 uptake matched the distribution of similar tracers for the
MK801 binding site of the NMDA receptor and revealed an optimal time point of 2h post
injection for the assessment of tracer distribution in the rat brain. The blocking experiments
indicated specific binding of [123I]CNS-1261 to NMDA receptors but also a considerable
amount of non-specific binding. Facilitation of NMDA receptor activation by D-serine
did not result in an enhancement of binding of the radiotracer in the NMDA receptor-rich
rat hippocampus compared to the untreated group, as measured by autoradiography.
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Figure 5.2. Sample of a brain section of a D-serine pretreated rat, which displays
a relatively high uptake of [123I]CNS-1261 in the hippocampus. The ROI template of
the hippocampus (and dentate gyrus) for this level in the rat brain is superimposed
upon the image and circular cerebellar cortex ROIs are also displayed. Each mea-
surement was performed bilaterally. a: detail of a hippocampus of a control rat. b:
detail of a hippocampus of a D-serine treated rat. c: detail of a hippocampus of a
blocked (D-serine + MK801) rat.



In conclusion, our study has shown that [123I]CNS-1261 binding is influenced by NMDA
receptor availability. However, high non-specific binding limits quantification and small
changes in receptor availability are unlikely to be detected.

Introduction

The glutamatergic system is the principal excitatory neurotransmitter
system in the central nervous system. Physiologically, this system plays
a key role in the processing of information, synaptic plasticity and thus
learning processes and memory formation. Dysfunction of this system
has been shown in many neuropsychiatric disorders, such as schizophre-
nia or depression 1, 2. Also in the neurodegenerative events of Alzheimer’s
disease, an enhancement of this neurotransmitter system activity has
been shown to accompany and induce neuronal death 3.
The most important receptor of the glutamatergic neurotransmitter sys-
tem is the N-methyl-D-aspartate (NMDA) receptor. In humans, this recep-
tor acts as a gated ion channel and consists of heterogenic assemblies of
various subunits, predominantly the NR1 and NR2 subunits 4, 5. For activa-
tion of this receptor, not only binding of the neurotransmitter glutamate
(or NMDA agonists) on the NR2 subunit is required, but also binding of a
co-agonist on the NR1 subunit such as the neurotransmitter glycine 4.
Simultaneous binding of glutamate and glycine results in opening of the
ion channel, which induces a physiological influx of preferentially Ca2+

ions into the neuron. D-serine, a neuronal signaling molecule produced by
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astrocytes or neurons, also acts potently as a co-agonist in this system. A
voltage dependent Mg2+ block is present on the receptor and may close the
ion channel when a certain membrane potential is exceeded.
However, excessive and continuous stimulation of the glutamatergic
system may lead to an excessive neuronal influx of Ca2+ and excitotoxic
neuronal death. In neurodegenerative conditions such as Alzheimer’s
disease, this mechanism is believed to play an important role in the
pathogenesis of the disease. It has been shown that β-amyloid is able to
enhance NMDA receptor activity 3. Moreover, activation of the NMDA
receptor by agonists has been shown to induce β-amyloid production in
neuronal cultures 6, which suggests a vicious circle.
Pharmacologic inhibition of the NMDA receptor, for instance by meman-
tine, may therefore have neuroprotective effects 7. Indeed, preclinical
studies showed neuroprotective effects of this substance 8. After success-
ful clinical trials, demonstrating beneficial effects of memantine on the
symptoms of Alzheimer’s disease patients in all stages of the disease 7, 9,
this drug has been approved recently for use in Alzheimer’s disease.
In-vivo molecular imaging techniques such as single photon emission
computed tomography (SPECT) or positron emission tomography (PET)
may help to assess the integrity of the glutamatergic system. Semi-
quantitative or quantitative imaging studies of this neurotransmitter
system in the living human brain may therefore be an important tool in
the evaluation of newly developed inhibitory medication and may facili-
tate the selection of patients for such therapies.

For many years, attempts have been made to produce PET and SPECT
tracers for NMDA receptors 10, 11. Radioiodinated MK801 (dizocilpine)
has been evaluated as a tracer, but its use proved to be limited due to the
high lipophilicity which resulted in a high non-specific uptake in the
brain 12. N-(1-Naphthyl)-N’-(3-[125I]-iodophenyl)-N’-methyl-guanidine
([125I]CNS-1261, labeled in the present study as [123I]CNS-1261) was pro-
posed recently as a SPECT radiotracer for imaging of activated NMDA
receptors 13. Like MK801, this tracer binds in-vitro with nanomolar
affinity to a binding site inside the ion channel of the NMDA receptor
(intra-channel MK801 site). Binding sites are therefore only available if
NMDA receptors are activated. As compared to radioiodinated MK801,
radioiodinated CNS-1261 has proven to be less lipophilic 13.
Owens and co-workers demonstrated enhanced [123I]CNS-1261 uptake
in ischemic brain areas in rats, demonstrating increased binding due to
NMDA receptor activation 13. Moreover, the first [123I]CNS-1261 human
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SPECT studies have recently been reported 14, 15. Interestingly, Stone and
co-workers 15 evaluated the effects of ketamine (a specific competitor for
the intra-channel MK801 site) on [123I]CNS-1261 binding to NMDA
receptors in-vivo in healthy controls. They showed that ketamine
administration led to a significant decrease in [123I]CNS-1261 binding in
most of the brain regions examined, which is highly suggestive of specif-
ic binding of the tracer in the living human brain.
All in all, [123I]CNS-1261 has shown favorable binding characteristics in-
vitro, ex-vivo and initial [123I]CNS-1261 SPECT studies in humans also
showed promising results. In this study, we explored the feasibility of
the radiotracer to detect changes in the availability of NMDA receptor
MK801 binding sites. We evaluated the [123I]CNS-1261 distribution in
the rat brain with prior facilitation of NMDA receptor activation by
intravenous pre-injection of D-serine; the hypothesis being that increased
activation due to D-serine would be associated with an increase in CNS-
1261 binding. We also studied blocking effects of MK801 on the binding
of the radiotracer to the intra-channel binding site after co-activation of
the receptors by D-serine, the hypothesis being that a decreased radio-
tracer binding would occur. Tracer distribution was measured using
storage phosphor imaging. To define the optimal time point for the
evaluation of tracer distribution after its injection in rats, we first per-
formed a time course radiotracer distribution study.

Materials and Methods

The tri-butylstannyl precursor of CNS-1261 was synthesized at the NHS
Radiopharmacy in Glasgow, UK, as earlier described 13. Radio-iodination
was performed by GE Healthcare, Eindhoven, The Netherlands.
[123I]CNS-1261 had a specific activity of 185MBq/nmol and a radiochem-
ical purity of 96% in the time course biodistribution study and 86% in
the D-serine/MK801 storage phosphor imaging experiment.

Time course biodistribution studies

In order to assess the optimal time point for imaging of [123I]CNS-1261
after its intravenous injection in rats, a time course biodistribution
study was performed. Male Wistar rats (Harlan, Horst, The Netherlands)
received [123I]CNS-1261 by injection of about 3 MBq/0.5mL buffer (iso-
tonic acetate-buffer pH 4.8, with 6.8% ethanol) into a lateral tail vein.
The in-vivo biodistribution of the tracer was studied at eight time
points after injection. No anesthetics were used during injection.
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Groups of rats (n=3 per group, body weight 250-300g) were sacrificed at
5, 15 and 30 min, 1, 2, 4, 6 and 24h post injection (p.i.) of [123I]CNS-
1261. Rats were sacrificed by bleeding via heart puncture under sedation
induced by CO2 gas. Blood was collected and fat, muscle, organs and
various brain structures were rapidly excised and weighed separately at
each time point. The 123I radioactivity of each sample was assayed in a
gamma counter (Minaxi γ A5530, Packard). Data were corrected for
radioactive decay and the radioactivity was expressed as a percentage of
the injected dose, multiplied by the body weight in grams per gram tis-
sue or blood (% ID x g/g) 16. Ratios of radioactive uptake in multiple brain
areas to the radioactive uptake in the cerebellum were then calculated.

Autoradiography of activated and blocked NMDA receptors by storage
phosphor imaging

Visualization of [123I]CNS-1261 binding to NMDA receptors was per-
formed by autoradiography of brain sections by means of storage phos-
phor imaging. Validation of this technique using short-living radioiso-
topes such as 123I was described earlier by our group 17.
Three groups of male Wistar rats (n=4 per group, body weight 250-300g)
were used in this experiment and no anesthetics were used during the
injections. The control group was injected intravenously with 0.4ml
sodium acetate buffer at 10 min prior to injection of [123I]CNS-1261. In
the second group, the NMDA receptor was co-activated by intravenous
injection of D-serine (10mg/kg body weight in 0.4ml buffer) at 10 min-
utes prior to injection of the radiotracer. In the third group, the NMDA
receptor was co-activated by intravenous injection of D-serine (10mg/kg
body weight in 0.4ml buffer) at 10 min before injection of the radiotrac-
er. At 5 min before injection of the tracer, MK801 (3mg/kg body weight
in 0.4ml buffer) was also injected (i.p.) 10 in order to block the intra-
channel binding site that was exposed by co-activation using D-serine.
All animals were then injected with 50MBq of [123I]CNS-1261 in 0.4ml
buffer via a tail vein. The rats were sacrificed by bleeding via heart
puncture under sedation induced by CO2 gas at 2h after injection of the
radiotracer. This time point was based on the results of the time course
biodistribution studies that are described above.
The brains were excised, quickly frozen and sliced into 25µm horizontal
sections using a Jung CM3000 cryomicrotome (Leica Microsystems
GmbH, Wetzlar, Germany). Every one in five sections was mounted on a
glass plate using standard mounting tape (Scotch, 3M, Minnesota, USA)
and covered with 10µm Saran wrap. The brain sections were exposed to
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a Fuji BAS-MS imaging plate (Fuji Medical Systems, Stamford, CT,
USA) for approximately 24h, after erasure of the phosphor plates less
than 2h before the start of the exposure of the radioactive samples.
Approximately 10 min after the end of the exposure, the images were
scanned at a 5µm resolution with a 16-bit pixel depth using the Fuji
FLA-3000 phosphor imager and analyzed using the AIDA software pack-
age (Version 3.20.007, Raytest Isotopenmeßgeräte GmbH, Straubenhardt,
Germany) by region of interest (ROI)-analysis.
Because of its high availability of NMDA receptor binding sites, the hippo-
campus was chosen as a brain area with high specific binding of [123I]CNS-
1261 18, 19. A series of ROIs from a template were used to assess the
accumulation of the tracer in this particular brain area (CA1, CA2,
CA3 and dentate gyrus in 13 adjacent section samples). The sizes and
shapes of the used ROIs were identical on corresponding sections of all
rats in both experiments. ROIs were placed manually and rotated to
match the orientation of the brain section. The amount of radioactivity
in each brain area was expressed as background corrected phosphor sti-
mulated luminescence (PSL)/mm2.
The cerebellar cortex was chosen as an area representative of low specific
[123I]CNS-1261 uptake, since in this brain structure the availability of
NMDA receptor binding sites has been shown to be relatively low 18, 19.
Also, [123I]CNS-1261 binding was relatively low in this brain structure
in the biodistribution study (see results section). These hippocampus/
cerebellar cortex ratios were calculated for each brain section separately
to correct the measurements for slight variations in section thickness.

The performed experiments are in agreement with The Dutch Experiments
on Animals Act (1977) and were approved by the Animal Ethics Com-
mittee (AMC, Amsterdam, The Netherlands).

Statistical analysis

Differences in the binding of [123I]CNS-1261 to NMDA receptors between
the control and study groups in the storage phosphor imaging study were
analyzed using the mixed linear model analysis by SPSS 15.0. Probability
values <0.05 were considered significant.
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Results

Table 5.1. displays the results of the time course biodistribution experi-
ments. A high absolute uptake of the tracer was present in all organs,
and exceeded the amount of radioactivity in the blood until the time point
of 6h p.i. Up to 1h p.i., the highest uptake was seen in the lungs. Uptake
in the kidney was higher than uptake in the liver at all time-points. From
5 min p.i., a gradual decline of uptake was seen in all organs, except for
the kidneys.
Up to 1h p.i, muscle tissue showed more uptake than fat tissue. However,
until 30 min p.i., the uptake was slightly lower than the amount of radio-
activity in the blood. Fat tissue showed an increase of radioactivity after 30
min, with a peak at 1h p.i., and a subsequent gradual decline. During the
increase, the amount of radioactivity in fat was higher than in blood. At 24h
p.i. only kidneys and liver still showed a considerable amount of uptake.
The initial amount of radioactive uptake in the cerebellum was also higher
than radioactivity in the blood at all time points (Table 5.1.). At early
Figure 5.3. Hippocampus/cerebellar cortex uptake ratios, as measured by storage
phosphor imaging in two separate experiments. Data are expressed as the average
uptake ratio as measured on 12 adjacent brain sections of each rat and error bars
represent ± 1 standard deviation. The hippocampus/cerebellar cortex ratio is sig-
nificantly lower in the blocked group (D-serine + MK801) as compared to the con-
trol group (* P<0.01).

time points, the initial radioactive uptake in the frontal and occipital
cortex was higher than in other brain areas, including the hippocampus
(Figure 5.1.). Between 1 and 4h p.i., the lowest uptake of radioactivity
was seen in the cerebellum and hypothalamus. In analogy to the
radioactivity in peripheral tissue, the amount of radioactive uptake
throughout the brain showed a gradual decline over time (data for the
cerebellum are shown in Table 5.1.).
At 2h p.i., the ratio of uptake in the hippocampus versus uptake in the
cerebellum reached a maximum (Figure 5.1.). This ratio remained stable
over time until 4h p.i. Considering these data, the time point of 2h p.i.
was chosen as the optimal time point for the phosphor imaging study.
Figure 5.2. shows a single brain section of a D-serine pretreated rat with
ROIs positioned on the hippocampus and cerebellar cortex. Binding of
[123I]CNS1261 was higher in the hippocampus and cortical brain areas
than in other brain areas.
Figure 5.3. shows the individual ratios of radioactive uptake in hippo-
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campal structures (CA1, CA2, CA3 and dentate gyrus) to the cerebellar
cortex. Data were measured by ROI analysis on the obtained storage phos-
phor images and are presented for the control, D-serine pretreated, and
D-serine+MK801 pretreated group.
The rats of the control group and the D-serine pretreated group showed
similar hippocampus/cerebellar cortex uptake ratios of 1.68±0.10 (aver-
age ± SD) and 1.66±0.07, respectively. Linear mixed model analysis did
not show a statistically significant difference between these groups in
this experiment. However, the study group that was given MK801 after
activation with D-serine showed lower hippocampus/cerebellar cortex
ratios (1.40±0.04) as compared to the control group. Linear mixed mod-
el analysis revealed a statistically significant difference between the
control and the D-serine+MK801 groups (P<0.01).

Discussion

In this study, we investigated the biodistribution of [123I]CNS-1261 at
several time points p.i. in the male Wistar rat. In the brain, the hip-
pocampus/cerebellum uptake ratio showed a maximum at 2h and
remained stable up to 4h p.i. The time point of 2h p.i. was considered
optimal for exploration of the biodistribution of the tracer in the rat
brain and was therefore used in the phosphor imaging study. In the stor-
age phosphor imaging study, blocking of (activated) NMDA receptors
with the competitive MK801 resulted in a significantly lower tracer
binding, which is highly suggestive of specific in-vivo binding of
[123I]CNS-1261 to NMDA receptors. However, pre-injection with the
NMDA receptor co-agonist D-serine did not result in statistically signif-
icant higher hippocampus/cerebellar cortex uptake ratios as compared
to the control group.
In the present study, the cerebellum was chosen as the reference region
since in this brain area the lowest [123I]CNS-1261 was detected. Another
appropriate reference region would have been white matter, but tracer
uptake could not be accurately measured in this brain region in the
obtained brain sections. The hippocampus was chosen as the brain area
of interest, since all obtained brain sections demonstrated the highest
amount of radioactivity in this brain structure. The hippocam-
pus/cerebellum ratios from the time course study are slightly lower than
the hippocampus/cerebellar cortex ratios that were obtained from the
phosphor imaging study. Reasons for this include better accuracy of
measurements in the phosphor imaging method 17 and the difference
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between the two ratios (total cerebellum in the time course experiment
versus cerebellar cortex in the phosphor imaging study) . Also, the hip-
pocampus/cerebellar cortex ratios in the phosphor imaging study were
somewhat low, probably due to the availability of the NMDA receptor
binding site in cerebellum, which is approximately 25% 18 of the avail-
ability in the hippocampus. In humans, the presence of NMDA recep-
tors in the cerebellar cortex has also been shown clearly in a recent PET
and animal study 20, and in this particular study a very high tracer bind-
ing to cerebellar NMDA receptors as compared to cerebral NMDA recep-
tors was shown. In contrast to our study, Matsumoto and co-workers
used the radiotracer AcL703 which binds to the glycine binding site of
the NMDA receptor. This site is also available for tracer binding when
the NMDA receptor is not activated. As shown in Figure 5.2., we were
not able to reproduce such distribution using CNS-1261. However, the
tracer binding matched the distribution of other NMDA receptor tracers
that bind to the intra-channel MK801 binding site 18, 19 in rats and there-
fore suggests specific binding of the unmetabolized tracer. In line with
these earlier studies, relatively high uptake ratios were found in areas
that express a high availability of intra-channel NMDA receptor binding
sites such as hippocampus and cerebral cortex. Striatum and thalamus
also showed modest specific uptake. Relatively low uptake was seen in
hypothalamus, pons and cerebellum, which is consistent with the lower
availability of the NMDA receptor binding sites in these structures 18, 19.
Moreover, in peripheral organs, the very high initial uptake of radioac-
tivity in the lung may also be the result of specific binding to NMDA
receptors in the lung, which existence in this organ has been shown pre-
viously 21. The discrepancy in distribution of the radiotracer between
the present study and the study by Matsumoto may be attributed to dif-
ferences in the tracer binding mechanism, as binding to the glycine
binding site is independent of activation of NMDA receptors. Another
explanation may be species dependent differences in receptor subunits.
Species dependent differences may also explain the disagreement in the
distribution of [123I]CNS-1261 between the present data and earlier
human studies, as distribution of activated NMDA receptors in human
subjects proved to be different according to a recent SPECT study using
the same tracer 22.
Co-activation of the NMDA receptor by pre-injection of D-serine did not
increase [123I]CNS-1261binding, as expressed by hippocampus/cerebellar
cortex binding ratios, in this study. One explanation for this observa-
tion may be that binding of only D-serine to the glycine binding site of

136

PART 3



the NMDA receptor is not sufficient to expose the MK801-binding site.
Indeed, since D-serine acts as a co-agonist on this receptor, glutamate
binding is also necessary to open the receptor channel 4. Therefore it can be
argued that a lack of glutamate may prevent tracer binding to the receptor.
Another explanation may be proportional enhancement of tracer binding
to the cerebellar NMDA receptors which would result in unchanged bind-
ing ratios. Also, non-specific uptake of the tracer or its metabolites could
have hampered the detection of enhancement of tracer binding.
Nevertheless, competition at the MK801 binding site of (activated)
NMDA receptors by i.p. pre-injection of MK801 resulted in significantly
lower hippocampus/cerebellar cortex ratios as compared to the control
group, confirming specific in-vivo binding of the tracer to the MK801
binding site (Figure 5.3.). In line with the present results, competitive
effects of ketamine on [123I]CNS-1261 binding to NMDA receptors have
also been shown recently in a SPECT-study in humans 15.
Although the animals experienced marked pharmacological effects of the
MK801 injections in our experiment and although the statistics show
clear results, we were not able to block the binding of [123I]CNS-1261
completely since the hippocampus/cerebellar cortex ratio was higher than
1. Therefore, the exact amount of non-specific in-vivo binding of the trac-
er cannot be assessed from these experiments, but the data suggest a rela-
tively high amount of non-specific uptake, either by the original tracer,
lipophilic radioactive metabolites or impurities of the tracer.
The radiochemical purity of the tracer that was used in the phosphor
imaging study was 86% whereas the purity of the tracer in the time
course study was 96%. Thin layer chromatography showed that the
lower radiochemical purity in the imaging study was not due to free
iodine in the tracer solution. The most important contamination was a
compound which was more hydrophilic than free iodine, and conse-
quently could not pass the blood brain barrier. Two other minor con-
taminations were also detectable. One was more lipophilic while the
other was less lipophilic than [123I]CNS 1261 (data not shown).
Although we cannot exclude that these compounds may have caused a
higher degree of non-specific accumulation, this is not very likely
because they represent only minor contaminations and if they are able
to pass the blood brain barrier, it is not likely that their peak specific
uptake is at a similar time point as the parent radiotracer (i.e., 2h p.i.).
Also, effects of the lower radiochemical purity of the radiotracer were
not detected in the hippocampus/cerebellar ratios in the phosphor imag-
ing study, as the ratios were similar to those obtained from the time
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course biodistribution study.
Many potential radiotracers intended for in-vivo labeling of activated
NMDA receptors have been evaluated previously 11, 23 and fast
metabolism is a frequently faced problem in the evaluation of these new
tracers. Another challenge for such tracers is the lipophilicity of the
original compounds or its metabolites, which may hamper the efficacy
of the tracers due to the resulting high non-specific uptake in the brain.
In an earlier report by Owens and co-workers, the lipophilicity of unme-
tabolized radioiodinated CNS-1261 has proven to be lower than iodinat-
ed MK801 13. In the present time course biodistribution study, this may
be reflected by the low accumulation of radioactivity in fat tissue,
although rapid metabolism of the tracer into less lipophilic metabolites
may be an alternative explanation. The high uptake in the kidney as
compared to the liver suggests that the primary route of excretion of
metabolites of [123I]CNS-1261 is urinary and this implies that the
metabolites are indeed relatively polar, since the original tracer is most
probably excreted by the liver due to its lipophilicity. The high uptake
in kidney already at 5 min p.i. also suggests very fast metabolism and
excretion of the tracer.
In our time course biodistribution experiment, the initial uptake of the
[123I]CNS-1261 analogue in the brain was high, but radioactivity was
washed out rapidly. Earlier studies have demonstrated that the 125I-
labeled analogue of CNS-1261 is deiodinated rapidly (more than 85%
deiodination within 5 min p.i.), but that the amount of radioactive
metabolites in the rat brain is low. The remaining radioactive uptake in
the rat brain at 2h p.i. represents primarily the presence (>95%) of the
unmetabolized tracer 13. Moreover, Erlandsson showed that the 3 major
metabolites of [123I]CNS-1261 in human blood after injection of the
tracer, are more polar than the original compound 22. It is therefore
unlikely that the non-specific uptake in the rat brain is due to accumu-
lation of radioactive metabolites, but a high degree of non-specific
uptake of unmetabolized tracer cannot be excluded.
As the study was limited to four rats in each group and the between sub-
ject variation is quite large, future studies should focus on the sensitivity
of [123I]CNS-1261 to detect longitudinal changes of activated NMDA
receptors clinically as would be required in, for example, serial assessment
of therapy in individual Alzheimer’s disease patients. Meanwhile, our
study has shown that [123I]CNS-1261 binding is influenced by NMDA
receptor availability but high non-specific binding limits quantification
and small changes in receptor availability are unlikely to be detected.
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