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Quality confirmation of RIKEN 186Re using bifunctional chelating
agents and derivatives
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Rhenium-186 (half-life T1/2 = 3.7186 days) and 188Re
(T1/2 = 17.003 hours) emit beta rays appropriate for
targeted radiotherapy use. These radioactive Re iso-
topes are used according to the tumor size and form
radiotheranostic pairs with 99mTc for radiodiagnosis.1)

However, 186Re has not been investigated as well as
188Re has.2) One of the possible reasons is that it is
difficult to obtain no-carrier-added 186Re through the
classical production method of the 185Re(n, γ)186Re re-
action, while no-carrier-added 188Re can be obtained us-
ing a 188W/188Re generator.1,3) At RIKEN, we started
to produce no-carrier-added 186Re (RIKEN 186Re) in
the 186W(d, 2n)186Re reaction at the RIKEN AVF cy-
clotron. In this study, we selected DADT, ECD, MAG3,
and DMSA (Fig. 1) as model compounds, which had
already been reported in many articles,4–7) and evalu-
ated radiolabeling efficiencies for these compounds to
confirm the quality of RIKEN 186Re, especially in terms
of its usefulness as a radioisotope (RI) material for bi-
functional chelating agents and derivatives.8,9)

In this report, the method for DADT radiolabeling is
described below as the representative among the model
compounds.
Step 1: RIKEN 186Re (3.8 MBq) was dissolved in

0.05 M hydrochloric acid to prepare a 186Re
stock solution (138 MBq/mL). The radioactiv-
ity of 186Re was determined using a germanium
semiconductor detector and a dose calibrator.

Step 2: 2.2 µL of the 186Re stock solution in Step 1 was
added to 63.8 µL of saline to prepare a 186Re
solution.

Step 3: 3.0 µL of the 186Re solution in Step 2 was mixed
with 2.5 µL of DADT (1.0 µg), 1.4 µL of tin (II)
dichloride dihydrate (10 µg), and 2.0 µL of L-
tartaric acid (200 µg) aqueous solution.

Step 4: The mixture in Step 3 was heated to 99◦C and
held for 15 min.

Step 5: The radiolabeling yield of 186Re-DADT was
determined using the TLC method with a
C18 reversed-phase TLC plate (NAGEL RP-
18W/UV254) and eluted with acetone and
0.5 M ammonium acetate in a volume ratio of
13:7.

As a result, the radiolabeling yield of 186Re-DADT at
the specific radioactivity of 4.3 GBq/mmol was 86%. In
Ref. 4), 88% of the radiolabeling yield of 188Re-DADT
at the specific radioactivity of 23 GBq/mmol was re-
ported. To compare these results, each activity of 186Re
and 188Re was converted to the amount of substance.
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Fig. 1. Chemical structures of DADT, ECD, MAG3, and

DMSA.

Both 4.3 GBq of 186Re and 23 GBq of 188Re correspond
to 3.3 nmol. This indicates that the ratio of the amount
of DADT to that of 186/188Re was constant. Therefore,
it was regarded that our result of labeling yield corre-
sponded to that of 188Re in Ref. 4). In a previous in
vivo and in vitro evaluation, the radiolabeling of 222-
MAMA(N -6-Ahx-OEt) with 186Re was performed on
6.1 GBq/mmol.10) It was suggested that RIKEN 186Re
is useful as an RI material for in vivo and in vitro stud-
ies.
Regarding the radiolabeling efficiencies for ECD,

MAG3, and DMSA, the radiolabeling yields were 51%,
46%, and 95%, respectively. It was revealed that these
compounds are also able to form 186Re complexes, al-
though these are preliminary results.
In conclusion, our study revealed the availability of

RIKEN 186Re for radiolabeling and its feasibility as
an RI material with bifunctional chelating agents and
derivatives. By optimizing the labeling conditions in the
future, RIKEN 186Re is expected to be applied to tar-
geted radiotherapy using bifunctional chelating agents,
such as a peptide moiety in their structures.11)
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Complex formation of Rhenium-186 with lipophilic ligands
—Comparison with technetium-99m—
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Technetium-99m is the most used nuclide in diag-
nostic nuclear medical imaging because the energy of
its gamma-ray emission (140 keV) is ideal for imag-
ing using gamma cameras, and it can be produced on
demand at medical facilities by using 99Mo/99mTc gen-
erators. Various lesions can be visualized when 99mTc-
labeled radiopharmaceuticals accumulate at the lesion
site because of their unique mechanisms. In recent
years, radiotheranostics have received considerable at-
tention because radionuclide-targeted treatments are
performed based on the imaging of the same target
area.1) Although 99mTc-radiopharmaceuticals are spe-
cialized for diagnostic imaging, their specific lesion ac-
cumulation properties are attractive for radiotheranos-
tics. Rhenium, a group 7 congeneric element of tech-
netium, is assumed to have chemical properties similar
to those of Tc. 186Re is an ideal radiotheranostic nu-
clide because it is a beta-emitting nuclide, and it emits
gamma-ray associated with beta decay, whose energy
is suitable for radionuclide therapy and imaging. Thus
far, 186Re has been produced by neutron irradiation in
nuclear reactors, and it is difficult to obtain in Japan.
At the RIKEN RI beam factory (RIBF), we succeeded
in producing no-carrier-added, high-purity 186Re us-
ing an accelerator-based ion beam irradiation. 99mTc-
radiopharmaceuticals are complexes of 99mTc and a
variety of ligands. Further rhenium is expected to
form complexes as an analog of Tc. Therefore, it is
important to evaluate the complex forming ability of
Re. In this study, the complex formation of Re with
lipophilic ligands was investigated using 186Re pro-
duced at RIBF.

Rhenium-186 was produced in the 186W(d, 2n)186Re
reaction. A 24-MeV deuteron beam delivered from the
AVF cyclotron was irradiated onto a 186WO3 pellet
target (isotope enrichment of 186W: 99.79%; thickness:
580 mg/cm2). After irradiation, 186Re was purified
by chemical separation procedure.2) The aqueous so-
lution of 186Re-perrhenate in 0.01 M HCl (radioac-
tivity concentration: 83.0 MBq/mL) was supplied.
MRP20 (N-(2(1H pyrolylmethyl)) N′-(4-pentene-3-
one-2)) ethane-l, 2-diamine), ECD (ethyl cysteinate
dimer), and BMEDA (n, n-bis(2-mercaptoethyl)-
n′,n′-diethylethylene-diamine) were used as lipophilic
chelating ligands. Stannous chloride was used as a
reductant and GH (sodium glucoheptonate) was used
as a stabilizer for 186Re(V). The formation of 186Re-
ligand complexes was evaluated using octanol/water
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Fig. 1. Profiles of the paper chromatography of the reac-
tion products of 186Re with various lipophilic ligands.
Development solution: methanol or physiological saline
solution. Detection: Autoradiography using imaging
plates.

extraction and paper chromatography, and it was de-
veloped in methanol or physiological saline.

We have been developing new radiopharmaceuti-
cals by encapsulating various radionuclides in lipo-
somes, which are capable DDS carriers.3) We used re-
mote loading methods, to achieve a high concentra-
tion of radionuclides in liposomes, that is, a ligand ex-
change reaction across the liposomal membrane using
lipophilic and hydrophilic ligands. We successfully pre-
pared 99mTc- liposomes using MRP20 as a lipophilic
ligand. We first examined the reaction between 186Re
and MRP20; sit was found that 186Re and MRP20
did not form chelate complexes under the same condi-
tions as 99mTc. Therefore, the optimal conditions for
the reaction of 186Re with lipophilic ligands MRP20,
ECD, and BMEDA were investigated. 99mTc could
form stable complexes with each of these three lig-
ands under mild conditions. The complex formation
between 186Re and these lipophilic ligands required 10
times more reducing agent, higher reaction tempera-
tures, and longer reaction times than those of 99mTc.
Representative paper chromatography profiles of these
reaction products are shown in Fig. 1. 186Re and ECD
formed a lipophilic ligand complex that moved close to
the solvent front in methanol. In the reaction of 186Re
with BMEDA, the products were different depending
on the reaction process. The products of process A
seemed to contain [186ReO−

4 ] and the lipophilic com-
plex. 186Re and MRP20 could not form a complex even
with these severe conditions, and their chromatogram
profiles were almost the same as those of [186ReO−

4 ].
Based on these results, we speculate that 186Re was
more difficult to reduce compared to 99mTc analogues;
further, the reaction rate with ligands was slower than
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that of 99mTc. 186Re seemed to be re-oxidizing with
oxygen from the air back to [186ReO−

4 ], which may
compete with the complex formation and inhibit the
reaction.

It is believed that rhenium has similar chemical
properties to technetium, and it can be handled in the
same manner. However, the results of this study indi-
cate that their chemical properties are very different at
least in terms of the ligand-complex formation. Highly
concentrated and stable 186Re-labeling compounds are
necessary to promote radiotheranostics. The present
findings will help establish optimized labeling meth-
ods for 186Re.
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