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11C-CNS5161 (N-(2-chloro-5-methylthiophenyl)-N′-(3-methylthiophenyl)-
N′-11C-methylguanidine) has been successfully used in PET imaging

of N-methyl-D-aspartate (NMDA) receptors. However, no human

dosimetry data have been published. We are planning to use this

radiotracer for investigating NMDA receptor function in systemic
lupus erythematosus, traumatic brain injury, and Parkinson disease.

We have therefore undertaken 11C-CNS5161 PET imaging to mea-

sure the whole-body distribution of this radionuclide and to estimate
radiation dose to various organs.Methods: Dynamic PET studies of

the whole body were performed on 5 healthy adults. Regions of

interest were drawn over the visualized structures. Resultant time–

activity curves were generated and used to determine residence
times for dosimetry calculations. S factors were implemented within

the OLINDA/EXM software for each structure or organ. Results: For
11C-CNS5161, organ doses ranged from 0.0002 to 0.0393 mGy/

MBq (0.0006–0.1455 rad/mCi). The critical organ for radiation bur-
den was the lungs, with a dose of 0.0393 mGy/MBq (0.1455 rad/

mCi). Radiation doses to the reproductive and blood-forming

organs were 0.0023, 0.0002, and 0.0020 mGy/MBq (0.0086,
0.0006, and 0.0074 rad/mCi) for the ovaries, testes, and red mar-

row, respectively. The effective dose equivalent was 0.0106 mSv/

MBq (0.0392 rem/mCi). Conclusion: The radiation dosimetry for
11C-CNS5161 for a standard single injection of 555 MBq (15 mCi)
will result in an effective dose equivalent of 5.9 mSv (0.59 rem) and

a lung dose of 21.8 mGy (2.18 rad) in young, healthy subjects.
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The N-methyl-D-aspartate (NMDA) receptor is a ligand-gated
ion channel and mediates the effects of glutamate. Abnormalities
of NMDA receptor function have been implicated in physiologic
and pathologic processes, especially memory formation and excito-
toxicity (1). Previous studies have also implicated NMDA receptor
function in stroke, head injury, epilepsy, and Parkinson disease (2).
Overexpression and phosphorylation of NMDA receptors have been
demonstrated in dyskinesia after levodopa treatment in Parkinson

disease (3). We are interested in investigating the role of the NMDA
receptor in systemic lupus erythematosus (4), cognitive impairment
after traumatic brain injury, and Parkinson disease.

11C-CNS5161 (N-(2-chloro-5-methylthiophenyl)-N9-(3-methylthio-
phenyl)-N9-11C-methylguanidine) is a selective noncompetitive antag-
onist of the NMDA glutamate receptor. Its synthesis was reported by
Zhao et al. (5), and its use in vivo was reported by Schiffer et al. (6).
Even though a small number of PET studies using 11C-CNS5161

have been published, no whole-body human dosimetry data are avail-
able. Similarly, other PET radiotracers are also under development for
NMDA receptors, but human dosimetry data have not yet been pub-
lished (7,8). We therefore undertook a whole-body PET imaging
study of this radiotracer to obtain human dosimetry data.

MATERIALS AND METHODS

Five healthy control subjects were recruited (age range, 19–35 y;

3 men and 2 women; Table 1). The study was approved by the Institu-
tional Review Board at North Shore University Hospital. Informed writ-

ten consent was obtained from each subject after a detailed explanation of
the study, which was conducted under Radioactive Drug Research Com-

mittee–approved protocols in which the dose limits are organ-based.
The radiotracer was synthesized using a minor modification of the

published method of Zhao et al. (5). Briefly, the commercially avail-

FIGURE 1. Radiosynthesis of 11C-CNS5161.

TABLE 1
Demographics of the Healthy Volunteers

Subject no. Sex Age (y) Height (cm) Weight (kg)

1 M 22 198 95

2 M 31 170 84

3 M 35 198 84

4 F 19 160 51

5 F 23 168 65
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able desmethyl guanidine analog 1 was reacted with 11C-methyl iodide in
the presence of sodium hydride in acetonitrile (Fig. 1). Purification by

semipreparative high-performance liquid chromatography afforded
a clean separation of the product from other regioisomers. The product

was then diluted in sterile water and purified further using a silica-
based C18 Sep-Pak (Waters). Elution with ethanol and sterile saline

yielded 11C-CNS5161 with a radiochemical purity of at least 90% and
a specific activity of at least 11 GBq/mmol (300 mCi/mmol).

Dynamic PET scans of the whole body were acquired in 2-

dimensional mode on an Advance tomograph (GE Healthcare) with
a 15-cm axial field of view. Two-dimensional mode imaging was used

to avoid scatter from the bladder. For attenuation correction, trans-
mission data using a 68Ge rotating source were acquired before radio-

tracer injection. Approximately 555 MBq (15 mCi) of 11C-CNS5161
were injected through a venous line in the arm. Dynamic imaging

was initiated at the time of injection. The scanning protocol included
1-min emission scans for the first 4 cycles (each cycle is 7 bed posi-

tions) and 2 min for the next 4 cycles, covering the skull to mid thigh.
The full-body scanning time was therefore 7 or 14 min, resulting in

a total duration of 84 min (28 min for the first 4 cycles and 56 min for
the next 4 cycles). Images were reconstructed in 2-dimensional mode

using a manufacturer-supplied reconstruction technique (ordered-sub-
sets expectation maximization with 16 subsets and 4 iterations).

Coronal images were reconstructed from the transaxial image set and
then summed to create a composite image. Volumes of interest were

drawn over the entire body and each visualized organ. Counts per voxel
were multiplied by organ voxels to obtain total counts in each organ. Data

were then normalized to the total body to compute specific organ uptake

(this makes the calculations independent of organ mass). Time–activity
curves for the organs were fit to a nonlinear regression model of expo-

nential uptake and clearance, and analytic integration was used to estimate
the area under the curve (AUC). Units for AUC are hours. A remainder

term was computed for activity in the body not specifically visualized in
an organ. Residence times were input to the OLINDA/EXM software for

each organ based on the adult model to compute the organ doses and
effective dose equivalent (9). This software multiplies residence time for

each subject and organ by the S value (mSv/MBq · h) as follows:

DoseðmSv=MBqÞ 5 residence time ðhÞ · S value: Eq. 1

S values are implemented within the

OLINDA/EXM software.

RESULTS

Body images from a representative sub-
ject are presented in Figure 2. Each panel
is a composite of 7 frames of 2-min dura-
tion each. The data were acquired in 2-di-
mensional mode to avoid scatter effects
from the bladder. The figure shows com-
posite images from 3 phases of the study:
0–21 min (early), 21–49 min (mid), and
56–84 min (late) after injection. Rapid
uptake of radiotracer in the lungs was
followed by a gradual decrease over the
study duration; uptake in the liver, gas-
trointestinal tract, and pancreas increased
continuously over 90 min; the bladder
showed significant uptake toward the
end because of urine accumulation.
Typical time–activity curves from the

sampled organs are shown in Figure 3.
The organs that followed a fast wash-in
and washout were the lungs, kidneys, heart,
and thyroid. The brain, marrow, pancreas,
and liver demonstrated fast wash-in but
a slower washout. Bladder activity showed
a slow wash-in (gradual accumulation of
urine radioactivity) and a slow washout.

FIGURE 2. Early (A), mid (B), and late (C) 11C-CNS5161 PET images of

26-y-old healthy woman. Uptake can be seen primarily in lungs in early

image. By 30 min, decreasing uptake in lungs and increasing uptake in

liver and gastrointestinal tract can be observed. In late image, increased

uptake in liver, gastrointestinal tract, pancreas, bladder, and, to a lesser

degree, thyroid and brain, is evident.

FIGURE 3. Typical time–activity curves from 9 sampled organs. y-axis scales vary for different

organs. These curves were fitted using either sum of 2 exponentials or pulse function (t · e−kt) plus

sum of 2 exponentials. AUCs were calculated and used for estimating absorbed dose to

organ. Both maximum height and shape of curves determine AUCs, as is reflected in

absorbed dose. t 5 time; e−kt 5 exponential function with rate constant k.
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These curves were fitted using a sum of rising and decaying expo-
nentials. AUCs were calculated and used for estimating the
absorbed dose to the organs.
Table 2 presents the results for 16 organs and the effective dose

equivalent for the 5 subjects.

DISCUSSION

These dosimetry data show that—in order not to exceed a 50-
mGy (5-rad) dose to the critical organ (lungs)—the maximum
injected dose in 11C-CNS5161 studies is 1,258 MBq (34 mCi).
For two other 11C-labeled radiotracers in common use, raclo-
pride and Pittsburgh compound B, the estimated maximum dose

is 1,591 and 1,184 MBq (43 and 32 mCi), respectively (10–12).
However, it has been previously demonstrated that even with an
injected dose of 555 MBq (15 mCi) for these radiotracers, images
of acceptable quality have been acquired and quantitatively analyzed
(13,14).
No animal dosimetry data have been published. However,

data from biodistribution studies in rats are available (1). We
have compared the AUCs derived from time–activity curves of
percentage injected dose per organ with our human dose esti-
mates. According to the AUCs, the relative uptake in rats fol-
lows this order: liver . lungs . kidneys . spleen . brain .
heart. In our human study, the relative uptake followed this
order: lungs . spleen . thyroid . kidneys . bladder . brain
. liver. Thus, the distribution of this radiotracer in rats and
humans is similar, except for the liver. Differences in the spe-
cies and the study design could account for this observation.
Effective dose equivalent and all organ dose levels were within
radiation safety guidelines for injections of 555 MBq (15 mCi)
(Table 2). For most 11C radiotracers, the bladder does not seem
to be a critical organ, unlike the case for various 18F tracers
such as 18F-FDOPA (6-18F-fluoro-L-dopa) and 18F-FP-CIT (18F-
fluoropropyl-carbomethoxyiodophenylnortropane) (15,16).
To illustrate brain uptake at different times during a dynamic

11C-CNS5161 PET study, in Figure 4 we present a scan of a 34-
y-old woman with systemic lupus erythematosus (dedicated
3-dimensional brain imaging not used for dosimetry purposes).
These typical brain images demonstrate the high quality of the
images that can be acquired with a 555-MBq (15-mCi) bolus
injection over a dynamic 90-min scan. The early phase shows
a blood-flow–like image with cortical and subcortical uptake as
expected. In the mid phase, radiotracer uptake starts to increase
in the basal ganglia and thalamus. In the late phase, cortical
uptake decreases whereas the thalamus and, to a lesser degree,
the lentiform nuclei show significant uptake. This study suggests
that multiple scans for different states or conditions can success-
fully be performed with an injected dose in the 370- to 555-MBq
(10–15 mCi) range.

CONCLUSION

From the 5 subjects studied, the lungs appear to be the critical
organ in 11C-CNS5161 dosimetric considerations. The effective
dose equivalent was 0.0106 mSv/MBq (0.0392 rad/mCi), which
should easily allow for injections of 370–555 MBq (10–15 mCi)
for PET studies using this radiotracer.
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TABLE 2
Dosimetry for 11C-CNS5161

Dose

Parameter/organ mGy/MBq rad/mCi CV (%)

Effective dose equivalent 0.0106* 0.0392† 13

Red marrow 0.0020 0.0074 3

Testes 0.0002 0.0006 15

Ovaries 0.0023 0.0086 3

Brain 0.0064 0.0238 12

Lungs 0.0393 0.1455 20

Heart 0.0034 0.0126 4

Liver 0.0061 0.0225 13

Spleen 0.0258 0.0953 43

Kidneys 0.0204 0.0755 33

Bladder 0.0075 0.0276 13

Stomach 0.0043 0.0161 43

Small intestine 0.0021 0.0078 6

Upper large intestine 0.0060 0.0222 44

Lower large intestine 0.0018 0.0065 11

Gallbladder wall 0.0027 0.0101 6

Thyroid 0.0221 0.0819 37

*mSv/MBq.
†rem/mCi.
CV 5 coefficient of variation: SD/mean.

FIGURE 4. Early (A), mid (B), and late (C) 11C-CNS5161 PET brain

images of 34-y-old woman with systemic lupus erythematosus. Images

were obtained using GE Advance tomograph (GE Healthcare) in 3-

dimensional mode. Early blood-flow–like image changes to selective-

regional-retention–like image by 90 min.
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