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1C-Labeled 2’-iododiazepam for PET studies of benzodiazepine receptors:
Synthesis and comparison of biodistribution
with its radioiodinated compound
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For PET studies of benzodiazepine receptors, N-''C-methyl-2’-iododiazepam (2’-1DZ) was synthe-
sized by N-methylation of its desmethyl derivative with ''C-methyl iodide, and was subsequently
purified by HPLC. The labeling and purification procedures were completed within 45 min after
"'C-methyl iodide trapping, and the radiochemical yield (corrected for decay) was approximately
40% based on the initial trapped radioactivity of ''C-methyl iodide. Biodistribution studies in mice
demonstrated that ''C-2’-IDZ was rapidly and noticeably accumulated in the brain, and subse-
quently decreased with time. Accumulation was greater in the cortex than in other brain regions.
When compared with '*1-2’-IDZ, the distribution was almost the same until 5 min after injection,
but levels were low after 20 min. Metabolic studies indicated that the difference between these two
compounds in the time course of brain radioactivity distribution may be due to N-demethylation in

vivo.
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INTRODUCTION

ALTERATIONS in the biochemical integrity of the
benzodiazepine receptor system have been related to the
development and evolution of various neurological and
psychiatric disorders, including epilepsy,'? Huntington’s
disease,’* and Alzheimer’s disease.® The in vivo imaging
of benzodiazepine receptors by positron emission tomog-
raphy (PET) and single photon emission tomography
(SPECT) has therefore been a growing field of inter-
est.*? For such studies, a ligand capable of being labeled
with both positron- and single photon-emitting radio-
nuclides would be useful, since it would then become
possible to investigate benzodiazepine receptors by PET
and SPECT with a single radioligand and to compare both
imaging methods directly.'®"?

The basic requirements of a radioligand for in vivo
studies of benzodiazepine receptors include rapid and
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quantitatively significant brain uptake following periph-
eral administration and a high affinity for the target
receptors.'*% 1,4-Benzodiazepine compounds such as
diazepam show signs of high extraction by the brain.**'¢
In addition, structure-activity studies have indicated that
the introduction of electron-withdrawing groups such as
halogens at position 2’ of the 5-phenyl- 1,4-benzodiazepine
molecule increases its receptor affinity.!"

Accordingly, we recently developed a diazepam de-
rivative, 2’-iododiazepam (2’-IDZ), which has both a
methyl group at the N-I position as a site for introducing
1C and an iodine atom at the 2’ position as the site for
introducing %I (Fig. 1).2"?* This compound was found to
have ahigh affinity for cerebral benzodiazepine receptors,
approximately 9 times greater than that of diazepam (K,
=0.66 nM).2"*? In addition, radioiodinated 2’-IDZ was
synthesized and was found to bind to benzodiazepine
receptors in vivo.”? In the present study, ''C-labeled 2’-
IDZ was synthesized, and its in vivo behavior was com-
pared with that of its '*I-labeled analog. In addition, its
usefulness for imaging cerebral benzodiazepine receptors
was assessed.
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Fig. 1 Chemical structure of 2"-iododiazepam (2’-IDZ).

MATERIALS AND METHODS

'¥]-2"-IDZ was prepared by a bromine-iodine exchange
reaction with sodium '*I-iodide (Amersham International
Plc.), as described previously.?'?? All other chemicals
used were of reagent grade. Male ddY mice were supplied
by Japan SLC Co. Ltd.

Preparation of ''C-2’-1DZ

!'C-Methyl iodide was prepared according to the method
described previously. ''C-Carbon dioxide was produced
via proton bombardment of nitrogen gas and the
“N(p,)''C reaction in an ultracompact cyclotron
(Sumitomo, Model 325), and was trapped in a solution of
lithium aluminum hydride in tetrahydrofuran (THF). Af-
ter evaporation of the THF, 54% hydroiodic acid was
added, and the '""C-methyl iodide thus produced was
trapped in an acetone solution (350 w!) containing 0.4 mg
of 2’-iodonordiazepam (IND) and 5 ul of 10 N sodium
hydroxide. Then the reaction vial was sealed and heated
at 90°C for 8 min. After cooling and neutralization of the
solution with 1 N hydrochloric acid, the resulting mixture
was purified by high-performance liquid chromatography
(HPLC) on a 7.5 x 300 mm Lichrosorb RP-18 column
eluted with ethanol : water (9: 11) at 1.5 m/min (R, =25
min for 2”-IND; R, =30 min for 2’-IDZ). The fraction
corresponding to 2’-IDZ was collected and evaporated,
after which the residue was dissolved in ethanolic saline
(< 0.5% ethanol) and filtered through a 0.22 um cellulose
acetate filter (Milex, Millipore Corp.).

The radiochemical purity of the product was deter-
mined by thin-layer chromatography (TLC) and analyti-
cal HPLC. TLC was performed on a silica gel plate with
a chloroform : acetone (4 : 1) solvent (R; = 0.62 — 0.68).
HPLC was performed on a 7.5 x 300 mm Lichrosorb RP-
18 column eluted with methanol : water : 4 mM phos-
phate buffer (pH 7.4) (11 : 5: 4) at a flow rate of 1.5 ml/
min (R, = 62 min). The specific activity was estimated
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from the U.V. absorbance at 315 nm.

2’-IND was synthesized from 2-iodobenzonitrile by the
addition of 4-chloroaniline, followed by coupling with
bromoacetyl chloride, amination, and cyclization. The
structure of the compound was confirmed by infrared
analysis (IR), proton nuclear magnetic resonance (NMR)
spectrometry, and mass spectrometry. Details of the syn-
thesis and characterization of this compound will be
published elsewhere.

Biodistribution study in mice

Male ddY mice weighing about 30 g were injected via the
tail vein with "C-2’-IDZ (1.11 MBgq, 3.1 ug/kg) or '*1-2’-
IDZ (18.5 kBq, 0.03 ug/kg) in 0.1 m! of ethanolic saline.
At designated times afterwards, the mice were killed by
decapitation and their organs were removed. For in vivo
brain distribution studies, the brains were dissected on an
ice-cold plate according to the method of Glowinski and
Iversen.”* All samples were weighed, and the radioactiv-
ity was counted in an Nal well scintillation counter.
Results are presented as the % injected dose/g tissue
weight.

Metabolic study

Mice weighing about 30 g were injected intravenously
with 18.5 MBq of ''C-2"-IDZ or 55.5 kBq of '¥I-2"-IDZ
and then decapitated at 5 or 20 min after injection. The
brains were removed immediately and homogenized in 1
m! of methanol. After centrifugation, the precipitate was
washed twice with 1 m/ of methanol and the washings
were combined with the supernatant. For both com-
pounds, approximately 95% of the radioactivity in the
homogenate was extractable by our organic solvent tech-
nique. The combined methanol extracts were evaporated,
and the resultant residue was redissolved in a small
volume of methanol for analysis by HPLC. HPLC was
performed as described above on a Lichrosorb RP-18
column,

RESULTS AND DISCUSSION

'C-2’-IDZ was prepared by N-methylation of 2’-iodo-
nordiazepam (2’-IND) with !!C-methyl iodide, and was
well separated from the starting material (2°-IND) and
some radioactive by-products by reverse-phase HPLC.
Radioactivity due to compounds other than '"C-2-IDZ
(including ""CH,I) was detected in the early fractions. The
labeling and purification procedures were completed within
45 min after the finish of ''C-methyl iodide trapping and
the radiochemical yield (corrected for decay) was ap-
proximately 40% based on the initial radioactivity of !'C-
methyl iodide. Radiochemical purity of the product was
greater than 98% as determined by HPLC and TLC. The
specific activity was 3.7-4.8 TBg/mmol at the end of
synthesis when 2.6 MBq of ''C-methyliodide was utilized
in the procedure.
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Table 1 Biodistribution of ''C-2’-IDZ in mice

Time (min)
Organ —
1 5 20 60
Blood 1.97 (0.25)* 1.24 (0.18) 1.06 (0.06) 0.84 (0.18)
Liver 3.62 (0.36) 8.53 (1.72) 7.54 (0.45) 5.59 (1.15)
Kidney 7.30 (0.66) 6.22 (1.21) 3.99 (0.23) 2.70 (0.69)
Lung 7.48 (1.28) 3.11 (1.26) 2.50 (0.31) 1.45(0.41)
Heart 10.26 (2.07) 3.75(0.74) 2.61(0.07) 1.63 (0.41)
Brain 6.37 (2.26) 4.22 (0.98) 1.98 (0.17) 0.90 (0.10)
Br/Bl** 3.14 (0.87) 3.27 (0.62) 1.88 (0.17) 1.02 (0.10)
* Each value is the mean (S.D.) for 4 animals (% dose/g organ).
*% Brain-to-blood ratio.
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Fig. 2 Comparison of the biodistribution of ''C-labeled and '*I-labeled 2’-IDZ in mice after
intravenous injection. Each point is the mean of 4 animals. O: ''C-2’-IDZ, @: '*I-2"-IDZ.

In the biodistribution study, ''C-2’-IDZ was found to
rapidly enter the brain, and high uptake was observed
during the early phase, after which the brain levels de-
clined with time (Table 1). The radioactivity was cleared
rapidly from the blood, and the highest brain-to-blood
ratio of 3.3 was obtained at 5 min after injection. At the
initial sampling point of 1 min, there was a higher uptake
in the heart and lungs than in the brain, but the radioactiv-
ity in these organs fell below the brain level at 5 min after
injection. The kidneys also showed a high initial uptake,
but the clearance of radioactivity was slower than in the
heart and lungs. If the distribution of a compound is only
dependent on blood perfusion, the organs with a high
uptake show more rapid washout.”® Thus, the results
obtained in this study suggest that the distribution of ''C-
2’-IDZ was not only dependent on perfusion. In addition,
the liver showed a rapid increase in radioactivity, which
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reached a maximum at 5 min after injection, and then
gradually decreased with time.

The biodistribution of ''C-2’-IDZ was almost the same
as that of '*I-2’-IDZ within 5 min after injection. How-
ever, the levels of ''C-2’-IDZ in all organs tested were
lower than those of 'I-2"-IDZ in the late phase (Fig. 2).

In the liver, diazepam and its analogs are known
to be rapidly metabolized to 3-hydroxylated and
N-demethylated compounds, which are still phar-
macologically active and can redistribute in other
organs.'1%20262 In contrast, it has been reported that
diazepam is not metabolized in the brain.* If 2"-IDZ was
metabolized in a manner similar to diazepam, it would be
transformed to 3-hydroxylated and N-demethylated ana-
logs in the liver (Fig. 3). 3-Hydroxylation is unlikely to
cause the loss of radioactivity from either '"C-2’-IDZ or
125[-2’-IDZ. On the other hand, it can be predicted that,
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after N-demethylation, ''C-N-methylated 2’-IDZ would
lose its radioactivity by excretion through the lungs as
""CO,, while '*°I-2’-IDZ would be transformed in the liver
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Fig.3 Possible metabolic pathway of 2”-IDZ in mice. *C: ''C,
*I IZSI
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to an N-demethylated metabolite that traps its radioactiv-
ity and is distributed to some other organs including the
brain (Fig. 3).%%3° Thus, the difference in the biodis-
tribution of these two compounds may be due to their
metabolism by N-demethylation. In fact, radio-HPLC
analysis (corrected for decay) of brain homogenates ob-
tained at 20 min after radioligand injection showed that,
apart from the hydrophilic metabolite (R, = 8 min), the
number of major metabolites was one (R, = 42 min) and
two (R, =42 min and 44 min) for "C-2’-IDZ and '*I-2’-
IDZ, respectively (Fig. 4). The metabolites eluted at 42
min and 44 min would correspond to the 3-hydroxy and
N-demethyl analogs, respectively, as judged from their
retention times on HPLC. On the other hand, both com-
pounds showed the same HPLC profiles at 5 min after
injection, at which time most of the radioactivity (> 94%)
in the brain homogenates remained as 2’-IDZ. These
results indicate that this compound enters the brain in its
unchanged form soon after administration.

The regional distribution of radioactivity in the mouse
brain is shown in Table 2. The cortex tended to show a
higher uptake of radioactivity than the other brain regions
until 5 min after injection, although the regional variation
in distribution became small after 20 min. This differen-
tial regional distribution during the early period paralleled
the distribution of benzodiazepine receptors shown by
previous in vitro and PET studies,*#*3'32 suggesting that

(B) '2%)-2".1pZ

1200 - 210z
i

1000

800

(cpm )

600 1
400

200

0
20 40 60 80
Time (min)

Fig. 4 HPLC profiles of the methanol-extractable fraction of brain homogenates at 20 min after
intravenous injection of ''C-2-IDZ (A) and '*1-2’-IDZ (B). Eluates were collected at 1-min intervals,
and the radioactivity of each fraction was determined and corrected for decay.

Table 2 Regional cerebral distribution of "'C-2'-IDZ in mice

. Time (min)
Region —
1 20 60
Cortex 8.04 (1.96) 5.18 (0.69) 2.14 (0.27) 0.98 (0.07)
Striatum 7.38 (1.79) 4.18 (0.69) 1.74 (0.31) 0.79 (0.11)
Hippocampus 6.22 (1.64) 4.46 (0.74) 1.90 (0.25) 0.89 (0.03)
Cerebellum 7.38 (2.07) 4.50 (0.61) 1.90 (0.14) 0.85 (0.07)

Each value is the mean (S.D.) for 4 animals (% dose/g tissue).

20 Yasuhiko lida, Hideo Saji, Yasuhiro Magata, et al

Annals of Nuclear Medicine




1C-2’-IDZ bound to benzodiazepine receptors in the
brain.

In conclusion, ''C-2’-IDZ showed prominent uptake by

the brain regions containing benzodiazepine receptors
soon after injection, and therefore appears to be a poten-
tially useful radiopharmaceutical for PET studies of ce-
rebral benzodiazepine receptors. In addition, our results
suggested that 2’-IDZ had the potential for use in direct
comparative PET and SPECT imaging for the localization
and quantification of benzodiazepine receptors with a
single tracer with different radioactive moieties (i.e., ''C-
2’-IDZ and '*1-2’-IDZ).
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