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ABSTRACT

Nuclear Imaging with 188Re(V)-meso-DMSA and 
188Re(V)-rac-DMSA in nude mice xenografted with a 

neuroendocrine tumor cells

  Rhenium-188 is a very attractive radioisotope for a variety of therapeutic 

and diagnostic applications in nuclear medicine. Dimercaptosuccinic acid 

(DMSA) exists in the meso or racemic (rac) form. In this study, 188Re 

complexes with diasteromeric DMSA were prepared to compare the property of 

188Re(V)-rac-DMSA with 188Re(V)-meso-DMSA in in vitro and in vivo models 

and to evaluate their possibile use as a tumor diagnostic and therapeutic agent.

  rac-2,3-DMSA was synthesized through two steps with 14% yields. 

188Re(V)-DMSA complexes were prepared from meso- and rac-2,3-DMSA by 

labeling with 188Re in the presence of sodium metabisulfite (MBS, Na2S2O5). 

For maximum yields, 188Re(V)-rac-DMSA was needed a higher concentration 

of MBS and rac-2,3-DMSA. 188Re(V)-meso-DMSA showed high labeling 

efficiency at pH 2, whereas 188Re(V)-rac-DMSA was prepared at pH 5 for 

maximum yields. Both 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA showed 

excellent radiochemical purity and stability at room temperature. 
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188Re(V)-meso-DMSA observed more lipophilic than 188Re(V)-meso-DMSA. In 

serum protein binding assay, 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA 

showed almost similar property. Tumor uptakes  of 188Re(V)-rac-DMSA and 

188Re(V)-meso-DMSA in xenografted nude mice were 1.15 %ID/g and 0.40 

%ID/g at 1h post injection, respectively. The gamma camera image of 

188Re(V)-rac-DMSA showed more selectively localized than 188Re(V)-meso-DMSA 

on tumor region in xenografted nude mice. 

  These results demonstrated that 188Re(V)-rac-DMSA may have better 

potential than 188Re(V)-meso-DMSA as a diagnostic and therapeutic agent for 

treatment of nueroendocrine tumor. 

Keywords :188Re, DMSA, neuroendocrine tumor, radiopharmaceuticals, radiotherapy
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I. INTRODUCTION

 Rhenium-188 is a very attractive radioisotope for a variety of therapeutic 

applications in nuclear medicine, oncology and interventional cardiology, 

particularly because of its favorable nuclear properties.[1,2] Rhenium-188 

(188Re, t1/2 = 16.9h) decays by the emission of a β-particle (Eβ = 2.11 MeV), 

which has a high energy appropriate for penetrating and destroying abnormal 

tissues, and γ-rays (Eγ = 155 keV), which can be useful for dosimetry and 

monitoring of tumor uptake using gamma camera imaging. In addition, 188Re is 

conveniently obtained from in-house 188W/188Re generator system.[3] The 

188W/188Re generator is based on 188Re separation from 188W using an alumina 

column. The parent nuclide, 188W, is loaded on the column and it decays to 

188Re with a half-life of 69 days. Consequently, the carrier-free 188Re daughter 

radionuclide is obtained as sodium perrhenate (Na[188ReO4]) by elution of the 

generator with normal saline (Fig. 1).

186W 187W 188W 188Re 188Os (Stable)
n, γ n, γ β- decayβ- decay

in Alumina Column

69.4 days 16.9 hours

β- : max 2.12 MeV

γ : 155 kev (15%)

186W 187W 188W 188Re 188Os (Stable)
n, γ n, γ β- decayβ- decay

in Alumina Column

69.4 days 16.9 hours

β- : max 2.12 MeV

γ : 155 kev (15%)

187W 188W 188Re 188Os (Stable)
n, γ n, γ β- decayβ- decay

in Alumina Column

69.4 days 16.9 hours

β- : max 2.12 MeV

γ : 155 kev (15%)

Figure 1. Production and decay mechanisms of 188Re in generator system.
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Technetium-99m (99mTc, t1/2 = 6h, Eγ = 140 keV) is most widely used 

radioisotope in nuclear diagnostic imaging. Since technetium and rhenium is 

comprised in Group VIIA of periodic table, the physicochemical properties of 

rhenium is similar to that of technetium. For this reason, 188Re can be readily 

prepared by the labeling methods that have been developed for 99mTc 

radiopharmaceuticals.

 DMSA is the compound contained two mercapto and two carboxylic groups 

which has a ability to interact with metals and form internal complexes (Fig. 2). 

The earlier studies identified DMSA forms complexes with zinc, nickel, cobalt, 

cadmium and copper, however, it does not form complexes with ions of the 

alkaline earth metals.[4] 

Figure 2. The chemical structure of DMSA.

DMSA exists in two diastereoisomeric forms, meso and rac. DMSA 

diastereomers were synthesized from acetylene dicarboxylic acid and thioacetic 
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acid (Fig. 3). [5,6] 

Figure 3. Synthetic scheme of diastereomeric DMSA.

The meso-2,3-DMSA and its metal chelates have been extensively studied in 

China, Russia and United state since the 1950s.[7-9] The meso-2,3-DMSA is 

approved by the Food and Drug Administration for treatment of lead and 

mercury intoxication both in children and adults. Compared to the meso form, 

however, rac-2,3-DMSA has received little attention because of the difficulty 

in the synthesis of the racemic form. Unlike meso isomer, rac-2,3-DMSA is 

very soluble in water, strongly acidic solutions and in organic solvents. The 
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crystal structure of rac-2,3-DMSA exists as a double-stranded structure in 

which each molecule is in a gauche configuration. However, meso-2,3-DMSA 

exists in a single strand in which each molecule has adopted an anti 

configuration and the individual molecules are joined together at each end by 

hydrogen bond. These differences in the conformations may responsible for the 

higher solubility of rac-2,3-DMSA in aqueous solutions.[10] 

 Neuroendocrine tumors (NETs) are heterogeneous group of neoplasm that 

originate from endocrine glands, endocrine islets and cells dispersed between 

exocrine cells.[11,12] These tumors are rare, slow-growing and retain many 

multipotent differentiation capacities.[13] NETs are characterized by the 

presence of neuroamine uptake mechanisms as well as peptide receptors and 

transporters at the cell membrane and these features constitute the basis of the 

clinical use of specific radiolabeled ligands, both for imaging and therapy.[14] 

Common types of NETs are carcinoids, other pancreatic islet cell tumors, 

melanomas, pheochromocytoma and medullary thyroid carcinomas (MTC).[15] 

99mTc(V)-DMSA has been already adapted as a imaging agent for MTC.[16-19] 

And preliminary study of 186Re(V)-meso-DMSA in MTC showed that its 

general biodistribution characteristics and avidity are similar to those of 

99mTc(V)-DMSA.[20] This analogy suggests that 188Re(V)-DMSA complexes 

may also have potential of application in imaging and targeted radiotherapy of 

NETs.

In this study, the rac-2,3-DMSA was synthesized to investigate the optimal 

reaction conditions for high labeling yields of 188Re(V)-rac-DMSA. In addition, 

we compared the in vivo behaviors of 188Re(V)-rac-DMSA with 188Re(V)-meso-DMSA 

in athymic nude mice bearing the PC-12 neuroendocrine tumor for evaluating 
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the possibility of 188Re(V)-DMSA complexes as a therapeutic and diagnostic 

agent.
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II. MATERIALS AND METHODS

111. Materials

Acetylene dicarboxylic acid, thioacetic acid, ethylacetate, diethylether, 

sodium metabisulfite, meso-2,3-dimercaptosuccinic acid, chloroform, Na2CO3, 

MgSO4 were purchased from Sigma-Aldrich Co. (St. Louis, USA). Acetone, 

HCl, Thin layer chromatography (TLC ; Silica gel 60, F254) were purchased 

from Merck (Darmstadt, Germany). Benzene and petroleum ether were 

purchased from Junsei chemicals (Tokyo, Japan). 188Re-perrhenate (188ReO4
-) 

was eluted from a 188W/188Re generator provided by Oak Ridge National 

Laboratory (Oak Ridge, USA). IC-Ag cation exchange cartridges were 

purchased from Alltech Associates (Deerfield, USA) and QMA SepPak 

cartridge ion exchange columns were obtained from Waters Corporation 

(Milford, USA)

Melting points were taken on a Electrothermal MEL-TEMP apparatus 

(Barnstead Thermolyne, USA). 1H-NMR spectra were recorded on a AC-100F 

100MHz NMR spectrometer (Bruker, Germany). HPLC analysis was performed 

using a Waters gradient LC system consisting of a dual head 515 pump, 484 

UV detector (Waters, USA) and GABI RI-detector (Raytest, Germany). The 

150×4.1㎜ PRP-1 column (Hamilton, USA) was used for HPLC analysis. The 

radiochemical purity was tested by a Thin-layer chromatogram scanner (Aloka, 

Japan). The radioactivity was counted on a 1480 WIZARD well-type gamma 

counter (Wallac, Finland) and image was obtained with a gamma camera 

(TRIAD TXLT-20, Trionix, USA).
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  Ham's F12K medium was purchased from Gibsco BRL (Grand Island, USA). 

Female athymic Balb/C nu/nu mice were obtained from Central Laboratory 

Animal Inc (Seoul, Korea). 

2. Methods

2.1. Synthesis of rac-2,3-Dimercaptosuccinic Acid

2.1.1. rac-Bis(thioacetyl) succinic Acids

    Acetylene dicarboxylic acid (10 g, 87.7 mmol) was dissolved in 31.6 ㎖
of ethylacetate at 35℃ . Thioacetic acid (8.6 g, 175.4 mmol) was added slowly 

into this solution. A white precipitate formed in approximately 3 h. The 

solution was stirred overnight at room temperature. The reaction mixture was 

filtered and the filtrate was concentrated under the reduced pressure. The 

residual oily product was crystallized from ethylacetate/petroleum ether several 

times to obtain 2.1 g of rac-Bis(thioacetyl) succinic Acids. The purity of the 

compound was checked by melting point and 1H-NMR.

    2.1.2. rac-2,3-Dimercaptosuccinic Acids

    rac-Bis(thioacetyl) succinic acid (4.2 g, 12.8 mmol) was dissolved to 3 N 

NaOH (28 ㎖ ) and stirred vigorously for 3 min. The mixture was cooled to 

0℃ and acidified with 10 N HCl. After standing for 1 h, the reaction mixture 

was filtered and extracted with diethylether several times. The organic phase 
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was dried over Na2SO4 and concentrated under the reduced pressure. The 

resulting oily product was crystallized from diethylether/benzene. The greenish 

yellow solid was purified by repeated recrystallization from the above solvent 

to give 1.5 g of rac-2,3-dimercaptosuccinic acid. The purity of the compound 

was checked by melting point and 1H-NMR.

   2.2. Preparation of 188Re(V)-DMSA complexes

2.2.1. 188Re(V)-meso-DMSA complex

    188Re was obtained from an alumina-based 188W/188Re generator. Elution of 

the 188W/188Re generator with 10 ㎖ of normal saline provided solutions of 

carrier-free 188Re as sodium perrhenate (NaReO4). “Carrier free" means 

radionuclide was not diluted with a stable isotope of similar form. For the 

preparation of highly concentrated 188Re solutions, the generator eluents were 

first passed through a IC-Ag cation-exchange cartridge that selectively removes 

chlorides ions by forming insoluble silver chloride, and then resulting eluents 

were passed through a SepPak anion-trapping column. The 188Re-perrhenate 

were obtained by elution of the SepPak column with 1.0 ㎖ normal saline.

  10 ㎎ of meso-2,3-DMSA was dissolved in 0.1 ㎖ of argon purged distilled 

water, and then 0.2 ㎖ (100 ㎍ , 0.54 µM, 4 mCi) of 188ReO4
- solution was 

mixed in a 10 ㎖ vial. To this mixture, 30 ㎎ of sodium metabisulfite (0.15 

mM) dissolved in a 0.30 ㎖ of normal saline was added. The pH of the 

complex was adjusted to 3.5 by addition of 1 N NaOH. The reaction mixture 
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appeared turbid, because meso-2,3-DMSA is more soluble in the basic 

condition than acidic. Turbidity disappeared after purging with argon for 3 

min. The vial was sealed and incubated at 80℃ for 60 min and allowed to 

cool to room temperature. Various experiments were carried out to optimize 

the labelling conditions for getting a maximum complexation yield. These 

include the effect of DMSA concentration, sodium metabisulfite concentration, 

pH of the reaction mixture, incubation time.

    2.2.2. 188Re(V)-rac-DMSA complex

    Exactly the same procedures and labelling conditions for the preparation 

of 188Re(V)-meso-DMSA were followed starting with rac-2,3-DMSA instead of 

meso-2,3-DMSA. Since rac-2,3-DMSA is very soluble in water, there was no 

need for argon purging procedure. The preparation of 188Re(V)-DMSA 

complexes is summarized in Figure 4.

   2.3. Chromatographic analysis of 188Re(V)-DMSA complexes

    TLC was examined to investigate the radiolabeling yield and 

radiochemical purity of 188Re(V)-DMSA complexes. TLC media was silica gel 

type. The plates were cut into 2 × 10 ㎝ strips. 3 ㎕ portion of the test 

solutions were applied at 1.5 ㎝ from the lower end of the TLC plate. The 

strip was developed with 0.9% saline solution and acetone. To determine the 

labelling yield of 188Re(V)-DMSA complexes, plates were scanned and 

analyzed with a TLC scanner. 
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Figure 4. Synthetic scheme of diastereomeric 188Re(V)-DMSA complexes. 
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    The preparations were also analysed by reversed phase high performance 

liquid chromatography. The reversed phase HPLC was performed on a 

Hamilton PRP-1 column with a gradient elution system comprising 0.1% 

trifluoroacetic acid in water (solvent A) and 0.1% trifluoroacetic acid in 

acetonitrile (solvent B). The flow rate was 1 ㎖ /min and the gradient was as 

follows : 0 min, 0% B; 1 min, 0% B; 12 min, 25% B; 14 min, 25% B; 16 

min, 0% B. The peaks were monitored by a UV detector at 340 nm and by a 

gamma radioactivity detector.

2.4. Biochemical Characterizations of 188Re(V)-DMSA complexes

    2.4.1. in vitro Stability

    The stability of the 188Re(V)-DMSA complexes prepared under the 

optimized conditions was determined at various time points (0, 1, 2, 3, 6, 18, 

24 h). The pH values of the samples were adjusted to 7.5 with 1 N NaOH. 

The complexes were incubated for 24 h at room temperature and analyzed by 

TLC using 0.9% saline solution and acetone as developer. 

2.4.2. Lipophilicity

    The lipophilic properties of the 188Re(V)-DMSA complexes were 

characterized by the distribution between water and n-octanol as a organic 

phase. Partition coefficient was measured by the following manner. 1 ㎖ of 

0.9% saline solution was added to 1 ㎖ of n-octanol. 0.01 ㎖ of 
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188Re(V)-DMSA solution was added to the above solution and mixed for 10 

min. The mixture was allowed to stand at room temperature for 1 h. After 

incubation, aliquots (10 ㎕ ) of each phase were removed and assayed from 

their radioactivities in a well type gamma counter. The radioactivity ratio in 

cpm/㎖ of n-octanol to that of aqueous layer was calculated and the 

distribution coefficients were determined. Distribution was obtained by 

logarithm of distribution coefficient.

    2.4.3. Bindability to Protein

    Serum protein binding activities of the 188Re(V)-DMSA complexes were 

examined in the following manner. 500 ㎕ of human serum were mixed with 

10 ㎕ of 188Re(V)-DMSA (total radioactivity, T) and the mixture was 

incubated at 37℃ for 1 h. 500 ㎕ of 20% trichloroacetic acid in water (w/v) 

were added to the mixture in order to precipitate serum proteins. The mixture 

was vortexed and centrifuged at 2,500 × g for 10 min, and the supernatant 

was removed. The radioactivity of the precipitate (bound radioactivity, B) was 

counted in a well type gamma counter and the protein bindability (B/T, %) 

was calculated.

2.5. Organ distribution of 188Re(V)-DMSA complexes in nude mouse bearing PC-12

    2.5.1. Cell culture and tumor implantation

    The rat pheochromocytoma cell line PC-12 was obtained from the 
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American Type Culture Collection (ATCC, Manassas, USA). PC-12 cells were 

grown in Ham's F12K medium containing 15% inactivated horse serum, 2.5% 

fetal bovine serum (Gibsco BRL) and 1% streptomycin. Cells were maintained 

as monolayers in 175 ㎠ tissue culture flasks at 37℃ under a humidified 

atmosphere of 5% CO2 / 95% O2. The medium was changed every 2-3 days.

    Five- to six-week-old female athymic BALB/c nu/nu mice were used for 

tumor implantation studies. For implantation, PC-12 cells in log phase of 

growth were harvested with trypsin 0.25% and EDTA 0.02%. After checking 

cell viability with the trypan blue-dye exclusion test, the cells were counted 

with a hemacytometer and adjusted to 3 × 108 cells/㎖ in the 0.9% saline. 

They were kept cold until use. Each animal was inoculated subcutaneously 

with 100 ㎕ tumor suspension on the right flank. Tumor growth was 

monitored at least twice a week and tumor size was calculated by multiplying 

the length and width of the tumor on a given day. Organ distribution was 

conducted when each tumor reached a diameter of 5 × 10 ㎜ at 4-5 weeks 

after tumor implantation.

    2.5.2. Organ distribution studies

    All animal studies were performed with the approval of the Korea 

Institute of Radiological and Medical Sciences (KIRAMS) Animal Care and 

Use Committee. Organ distribution of the 188Re(V)-DMSA complexes was 

evaluated in xenotransplanted nude mice. The pH of the 188Re(V)-DMSA 

complexes was adjusted to 7.5 prior to injection. Each tumored mouse was 

injected via a lateral tail vein with 0.1 ㎖ of complex solution containing 
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approximately 10 mCi (0.37 MBq) of activity. The mice were sacrificed by 

diethylether overdose at times of 1, 3 and 24 h after injection. Blood was 

collected by cardiac puncture and the samples of liver, lung, spleen, kidney, 

stomach, intestine, muscle, and tumor were taken carefully. The thyroid was 

generally isolated with surrounding tissues of the neck and the left femur was 

isolated as a representative bone sample. Organ samples were immediately 

weighed and counted in a well-type gamma counter to calculate resident 

activity in different organs. The accumulated activity was expressed as percent 

injected dose per gram of tissue (% Injected dose/g).

2.6. Gamma camera Image of 188Re(V)-DMSA complexes in nude mouse 

bearing PC-12

Nuclear image of 188Re(V)-DMSA complexes was obtained with gamma 

camera in nude mice bearing PC-12 neuroendocrine tumors. Approximately 400 

mCi (14.8 MBq) of activity was administrated through a tail vein. At 1, 3 and 

6 h after injection, the animals were anesthetized by intraperitonial injection of 

a mixture of ketamine (1.6 ㎎ /mouse) and xylazine (240 ㎍ /mouse) in saline. 

Tumor images were acquired each for 1 × 106 counts in a 256 × 256 matrix. 
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III. RESULTS

   1. Synthesis of rac-2,3-Dimercaptosuccinic Acid 

   rac-2,3-DMSA was synthesized from two step procedures almost similar to 

Gerecke's synthesis.[21] rac-2,3-DMSA was obtained from rac-Bis(thioacetyl) 

succinic Acids. The yield of rac-Bis(thioacetyl) succinic Acids was 10% and 

its melting point was 145-149℃. In the 1H-NMR spectroscopy, the two 

resonance peaks at 2.40 and 4.67 ppm were present and the ratio of these two 

peaks was about 3:1. The rac-2,3-DMSA was purified by recrystallization from 

diethylether and benzene. The yield of rac-2,3-DMSA was 14%. Melting point 

was 123-127℃ and 1H-NMR showed two main peaks at 2.4 and 3.7 ppm.

   2. Preparation of 188Re-DMSA complexes

    2.1. 188Re(V)-meso-DMSA complexes

   Various experiments were carried out to optimize the radiolabeling 

conditions for getting a maximum complexation yield. The labelling efficiency 

of 188Re(V)-meso-DMSA was checked by TLC chromatographic system. The 

effect of MBS concentration was carried out at pH 3.5 with 10 mg of 

meso-2,3-DMSA. It was observed that 188Re(V)-meso-DMSA was formed in 

high yield from 30 mg of MBS as a reducing agent (Fig. 5). 

  The effect of DMSA concentration was studied at pH 3.5 with 30 mg of 
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MBS. The yield of 188Re(V)-meso-DMSA was 99.5% even at 10 mg of 

meso-2,3-DMSA (Fig. 6). The effect of pH was studied by adjusting with 1 N 

HCl or 1 N NaOH. The pH with maximum yield of 188Re(V)-meso-DMSA 

was at 3.5 and the complexation yield of 99.5% could be achieved. However, 

radiolabeling yield of 188Re(V)-meso-DMSA was rapidly decreased in alkaline 

pH values (Fig. 7). All studies on optimization of pH and reagent 

concentrations were carried out at 80℃ for 1 h.

    2.2. 188Re(V)-rac-DMSA complexes

    The same procedures and labelling conditions were examined in the 

preparation of 188Re(V)-rac-DMSA. The effect of MBS concentration was 

carried out at pH 3.5 with 10 mg of rac-2,3-DMSA. It was observed that the 

yield of 188Re(V)-rac-DMSA was only 70% at 30 mg of MBS, however, over 

the 90% of yield was obtained from the use of 45 mg of MBS. And the 

optimum amount of MBS required for complexation was 90 mg (Fig. 8). The 

effect of rac-2,3-DMSA concentration was studied at pH 3.5 with 60 mg of 

MBS. The yield of 188Re(V)-rac-DMSA was 94% at 10 mg of rac-2,3-DMSA. 

However, the yield was increased to 98% with 15 mg of rac-2,3-DMSA (Fig. 

9). The pH with maximum yield of 188Re(V)-rac-DMSA was at 5 and the 

complexation yield of 99.8% could be achieved (Fig. 10). 
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Figure 5. Effect of MBS concentration on the yield of 188Re(V)-meso-DMSA.

    (188ReO4
- : 4 mCi, DMSA : 10 mg/ml, pH 3.5, 80℃, 1h)
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Figure 6. Effect of 2,3-meso-DMSA concentration on the yield of 188Re(V)-meso-DMSA.

    (188ReO4
- : 4 mCi, MBS : 30 mg/ml, pH 3.5, 80℃, 1h)
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   3. Chromatographic analysis of 188Re(V)-DMSA complexes

  The radiolabeling yield and purity of 188Re(V)-DMSA complexes were 

determined by TLC and HPLC. 

  In the conditions described for chromatographic system, 188ReO4
- and 

hydrolyzed-reduced 188Re (188Re-colloid) are separated from the labelling 

mixture and their Rf values are coincided with those of references.[22,23] 

When normal saline is used as mobile phase, 188Re-colloid remain at the origin 

(Rf = 0) while 188Re(V)-DMSA complexes and free perrhenate migrate with 

the solvent front (Rf = 1). TLC in acetone, 188Re(V)-DMSA complexes and 

188Re-colloid remain at the origin (Rf = 0), whereas only free perrhenate 

moves to solvent front (Rf = 1). The results of TLC are represented as 

normalized chromatogram (Fig. 11, 12).

  The HPLC analysis of 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA was 

performed with the optimal labeling conditions (Table 1). The chromatogram 

of 188Re(V)-meso-DMSA was shown the isomeric composition (Fig. 13). Anti-, 

syn-endo- and syn-exo-isomers eluted with retention times of 9.5 ± 0.2, 13.5 ± 

0.5, and 16.5 ± 0.3 min, respectively. The unknown small peak between the 

anti- and syn-endo-isomers was also present as reported earlier.[22,23] The 

HPLC pattern of 188Re(V)-rac-DMSA was shown single peak with a retention 

times of 1.9 ± 0.2 min (Fig. 14).
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Figure 11. Radiochromatogram of 188Re(V)-meso-DMSA.
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Table 1. The optimal conditions for the preparation of 188Re(V)-DMSA complexes

OOOppptttiiimmmiiizzzaaatttiiiooonnnooofff 111888888RRReee---meso---DDDMMMSSSAAA 111888888RRReee---rac---DDDMMMSSSAAA
DDDMMMSSSAAA (((mmmggg///mmmlll))) 111000 111555

mmmeeetttaaabbbiiicccuuulllfffiiittteee(((mmmggg///mmmlll))) 333000 666000
pppHHH 333...555 555...000

111888888RRReeeOOO444--- 444mmmCCCiii 444mmmCCCiii
rrreeeaaaccctttiiiooonnnttteeemmmppp... 888000℃℃℃ 888000℃℃℃
rrreeeaaaccctttiiiooonnntttiiimmmeee 666000mmmiiinnn... 666000mmmiiinnn...
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Figure 13. HPLC chromatogram of 188Re(V)-meso-DMSA.

       (Mobile phase : water with 0.1% trifluoroacetic acid (solvent A), acetonitrile 

        with 0.1% trifluoroacetic acid (solvent B), Stationary phase : Hamilton 

        PRP-1 column, Flow rate : 1 mL/min, Absorbance detection : 340 nm)
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Figure 14. HPLC chromatogram of 188Re(V)-rac-DMSA.

       (Mobile phase : water with 0.1% trifluoroacetic acid (solvent A), acetonitrile 

        with 0.1% trifluoroacetic acid (solvent B), Stationary phase : Hamilton 

        PRP-1 column, Flow rate : 1 mL/min, Absorbance detection : 340 nm)
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   4. Biochemical Characterizations of 188Re(V)-DMSA complexes

  The optimal radiolabeling conditions were used in product preparation for 

in vitro stability, lipophilicity and protein bindability. 

  The in vitro stability of the 188Re-DMSA complexes was studied at various 

time points. After adjusting the pH to 7.4, the complexes were incubated for 

48 h at room temperature and analyzed by TLC. Both 188Re(V)-meso-DMSA 

and 188Re(V)-rac-DMSA were found to retain the radiochemical purity as high 

as 99% even after 24 h (Fig. 15).

  The lipophilicity was characterized by the partition coefficient (P). P is 

defined as the equilibrium concentration ratio of a solute between the organic 

and aqueous phase. The results indicated that 188Re(V)-meso-DMSA was more 

lipophilic than rac complexes (Table 2).

  The protein bindabilities of 188Re(V)-DMSA complexes were summarized in 

Table 2. The results showed that the protein bindability of 188Re(V)-meso-DMSA 

was 67.7%. 188Re(V)-rac-DMSA was evaluated similar bound percent values 

compared with 188Re(V)-meso-DMSA.
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Figure 15. in vitro Stability test of 188Re(V)-DMSA complexes.

         (A: 188Re(V)-meso-DMSA, B : 188Re(V)-rac-DMSA)
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Table 2. Distribution between organic and aqueous phase and protein          

  bindability of 188Re(V)-DMSA complexes

    * Distribution was obtained by logarithm of the partition coefficients of  
       188Re(V)-DMSA complexes.
  

111888888RRReee---meso---DDDMMMSSSAAA 111888888RRReee---rac---DDDMMMSSSAAA

DDDiiissstttrrriiibbbuuutttiiiooonnn* 000...000222777 000...000000555

PPPrrrooottteeeiiinnnbbbiiinnndddaaabbbiiillliiitttyyy 666777...777%%% 666666...444%%%
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   5. Organ Distribution of 188Re(V)-DMSA complexes in nude mouse bearing PC-12

  188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA were intravenously injected 

in PC-12 neuroendocrine tumor bearing mice and the average uptake in blood, 

liver, lung, spleen, kidney, stomach, intestine, thyroid, muscle, bone 

(represented by femur), and tumor was determined. 

  Organ distribution of 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA are 

presented in Table 3 (Fig.16) and Table 4 (Fig.17). The results showed that 

approximately 90% radioactivity of 188Re(V)-meso-DMSA and 

188Re(V)-rac-DMSA was excreted via the urinary tract within 1 h 

post-injection. 188Re(V)-meso-DMSA showed faster blood clearance than 

188Re(V)-rac-DMSA at early time points, however, the radioactivity values in 

blood of two complexes were almost similar at 24 h post-injection. 

188Re(V)-meso-DMSA was localized in bone with high affinity and % dose per 

gram of tissue at stomach was 7.23, 3.78 and 1.88 at 1 h, 3 h and 24 h, 

respectively. 188Re(V)-rac-DMSA was accumulated in kidney and stomach with 

relatively high affinity. Percent dose per gram of tissue at stomach for 

188Re(V)-rac-DMSA was 3.98, 1.78 and 0.24 at 1 h, 3 h and 24 h, 

respectively. At the values at 1 h for kidney was 2.94, but it decreased to 

0.51 after 24 h. Table 4 showed that % dose per gram of tissue at tumor was 

higher than the values at other organs except kidney, stomach and bone at 1 h.
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Table 3. Biodistribution of 188Re-meso-DMSA in nude mouse bearing PC-12

Blood

Liver

Lung

Spleen

Kidney

S. Intestine

Stomach

L. Intestine

Thyroid

Femur

Muscle

Tumor

Organ 1h 3h 24h

Unit : %ID/g＊

0.32±0.04 0.07±0.01 0.01±0.00

0.41±0.03 0.26±0.05 0.23±0.02

0.36±0.04 0.10±0.01 0.05±0.02

0.18±0.04 0.12±0.07 0.06±0.01

1.16±0.22 0.75±0.13 0.45±0.12

0.20±0.03 0.25±0.09 0.06±0.01

0.17±0.03 0.42±0.27 0.04±0.00

0.04±0.00 0.02±0.00 0.01±0.00

0.09±0.01 0.90±0.25 0.19±0.09

0.32±0.15 0.19±0.13 0.05±0.03

7.23±1.61 3.78±0.63 1.88±0.28

0.40±0.12 0.16±0.06 0.09±0.01

Blood

Liver

Lung

Spleen

Kidney

S. Intestine

Stomach

L. Intestine

Thyroid

Femur

Muscle

Tumor

Organ 1h 3h 24h

Unit : %ID/g＊

0.32±0.04 0.07±0.01 0.01±0.00

0.41±0.03 0.26±0.05 0.23±0.02

0.36±0.04 0.10±0.01 0.05±0.02

0.18±0.04 0.12±0.07 0.06±0.01

1.16±0.22 0.75±0.13 0.45±0.12

0.20±0.03 0.25±0.09 0.06±0.01

0.17±0.03 0.42±0.27 0.04±0.00

0.04±0.00 0.02±0.00 0.01±0.00

0.09±0.01 0.90±0.25 0.19±0.09

0.32±0.15 0.19±0.13 0.05±0.03

7.23±1.61 3.78±0.63 1.88±0.28

0.40±0.12 0.16±0.06 0.09±0.01

＊Values at each time point represent the mean ±s.d. of percentage of injected dose   

  per gram of tissue weight (n=3 or 4).
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Figure 16. Biodistribution of 188Re(V)-meso-DMSA in nude mouse bearing PC-12.
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Table 4. Biodistribution of 188Re-rac-DMSA in nude mouse bearing PC-12

Blood

Liver

Lung

Spleen

Kidney

S. Intestine

Stomach

L. Intestine

Thyroid

Femur

Muscle

Tumor

Organ 1h 3h 24h

Unit : %ID/g＊

0.85±0.24 0.19±0.03 0.02±0.01

0.92±0.31 0.41±0.05 0.14±0.01

0.93±0.28 0.22±0.03 0.06±0.00

0.36±0.10 0.13±0.02 0.06±0.01

2.94±0.91 0.99±0.08 0.51±0.04

3.98±0.22 1.78±0.30 0.24±0.11

0.54±0.13 0.17±0.05 0.04±0.01

0.17±0.04 0.07±0.02 0.01±0.00

0.32±0.22 0.15±0.04 0.22±0.02

0.60±0.16 0.18±0.09 0.03±0.00

1.95±0.85 1.00±0.12 0.28±0.02

1.15±0.53 0.33±0.08 0.10±0.02

Blood

Liver

Lung

Spleen

Kidney

S. Intestine

Stomach

L. Intestine

Thyroid

Femur

Muscle

Tumor

Organ 1h 3h 24h

Unit : %ID/g＊

0.85±0.24 0.19±0.03 0.02±0.01

0.92±0.31 0.41±0.05 0.14±0.01

0.93±0.28 0.22±0.03 0.06±0.00

0.36±0.10 0.13±0.02 0.06±0.01

2.94±0.91 0.99±0.08 0.51±0.04

3.98±0.22 1.78±0.30 0.24±0.11

0.54±0.13 0.17±0.05 0.04±0.01

0.17±0.04 0.07±0.02 0.01±0.00

0.32±0.22 0.15±0.04 0.22±0.02

0.60±0.16 0.18±0.09 0.03±0.00

1.95±0.85 1.00±0.12 0.28±0.02

1.15±0.53 0.33±0.08 0.10±0.02

＊Values at each time point represent the mean ±s.d. of percentage of injected dose   

  per gram of tissue weight (n=3 or 4).



- 36 -

0

1

2

3

4

5

6

7

8

9

10

B
lo
o
d

L
iv
e
r

L
u
n
g

S
p
le
e
n

K
id
n
e
y

S
to
m
a
c
h

S
.I
n
te
s
ti
n
e

L
.I
n
te
s
ti
n
e

T
h
y
ro
id

M
u
s
c
le

F
e
m
u
r

T
u
m
o
r

%
ID
/g

1h

3h

24h

Figure 17. Biodistribution of 188Re(V)-rac-DMSA in nude mouse bearing PC-12.
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Organ per tissue ratios of 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA are 

presented in Table 5. The tumor-to-blood ratio of 188Re(V)-meso-DMSA reached 

1.30 ± 0.48 at 1h post-injection, which then increased 6.69 ± 0.82 at 24 h. 

188Re(V)-rac-DMSA also increased from 1.31 ± 0.31 to 5.98 ± 0.69 at the 

same time point. The tumor-to-muscle ratio of 188Re(V)-meso-DMSA was 2.02 

± 1.07 at 24 h, whereas that of 188Re(V)-rac-DMSA reached 3.41 ± 0.64 at 

this time point.

6. Gamma camera image of 188Re(V)-DMSA complexes in nude mouse 

bearing PC-12

  PC-12 neuroendocrine tumored nude mice were imaged using gamma 

camera at 1, 3 and 6 h, respectively after intravenous injection of 

188Re(V)-DMSA complexes (Fig. 18 and Fig. 19). 

 Consistent with biodistribution data, the radioactivity of 188Re(V)-meso-DMSA 

was highly accumulated in bone and the radioactivity of 188Re(V)-rac-DMSA 

was clearly visible in kidney, stomach and tumor region.
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Table 5. Organ per Tissue ratios of 188Re(V)-DMSA complexes

Tumor/Blood ratio

Tumor/Muscle ratio

Organ/Tissue 1h 3h 24h

1.30±0.31 2.15±0.84

1.45 ±0.77 1.25±1.16

6.69±0.82

2.02±1.08

188Re-meso-DMSA

Tumor/Blood ratio

Tumor/Muscle ratio

1.31±0.31 1.80±0.56

1.84 ±0.52 2.01±0.77

5.98±0.69

3.41±0.64

188Re-rac-DMSA

Tumor/Blood ratio

Tumor/Muscle ratio

Organ/Tissue 1h 3h 24h

1.30±0.31 2.15±0.84

1.45 ±0.77 1.25±1.16

6.69±0.82

2.02±1.08

188Re-meso-DMSA

Tumor/Blood ratio

Tumor/Muscle ratio

1.31±0.31 1.80±0.56

1.84 ±0.52 2.01±0.77

5.98±0.69

3.41±0.64

188Re-rac-DMSA

* Mean (± S.D.) for 4 animals in each measurement.
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1h 3h 6h1h 3h 6h

Figure 18. Gamma camera image of 188Re(V)-meso-DMSA in nude mouse

          bearing PC-12. (The arrows indicate the tumor region)
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Figure 19. Gamma camera image of 188Re(V)-rac-DMSA in nude mouse 

          bearing PC-12. (The arrows indicate the tumor region)
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IV. DISCUSSION

 99mTc(V)-DMSA been widely used in the diagnosis of head and neck tumors, 

soft tissue tumors, osteosarcoma and bone metastases.[24-28] Because of its 

structural equivalence with the technetium analog, 188Re(V)-DMSA has been 

found to have almost same biological behavior and localize in same target 

tissues.[3,19] Especially, since 99mTc(V)-DMSA is selectively accumulated in 

MTC as reported earlier[16-18], 188Re(V)-DMSA might have the possibility to 

be used for NETs diagnosis and therapy. 

DMSA exists in meso and rac form. Since rac-2,3-DMSA was not 

commercially available, it was synthesized and two isomeric 188Re(V)-DMSA 

complexes were prepared separately. Several experiments were carried out to 

optimize the labeling conditions for obtaining a maximum yield of 

188Re(V)-DMSA complexes. Both 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA 

were prepared in high yields (>99.5%). Generally, preparation of 99mTc(V)-DMSA 

and 186/188Re(V)-DMSA for clinical studied is performed using stannous chloride 

(SnCl2) as the reducing agent.[29-32] However, the previous studies showed a 

significantly decreased kidney uptake in case of using the tin-free 

188Re(V)-meso-DMSA.[20-22] For this reason, sodium metabisulfite was used as 

the reducing agent instead of SnCl2 for the preparation of 188Re(V)-DMSA 

complexes. 

The optimal conditions for maximum yields were significantly different (Table 
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1). 188Re(V)-rac-DMSA was needed a higher concentration of MBS and 

DMSA than 188Re(V)-meso-DMSA. In addition, although the maximum yield of 

188Re(V)-meso-DMSA was obtained at strong acidic conditions (pH 2-3.5), 

188Re(V)-rac-DMSA showed high labeling efficiency in more weaker acidic 

condition (pH 5). Radiolabeling yield of 188Re(V)-meso-DMSA was rapidly 

decreased when the pH value was higher than pH 5. However, labeling yield 

of 188Re(V)-rac-DMSA was as high as 80% even at pH 8. The radiolabeling 

has been commonly performed at 100℃, however, two isomeric 188Re(V)-DMSA 

complexes were prepared at 80℃ in this study. Because the early studies 

reported that racemic form is isomerized to the meso form at high 

temperature.[10]

The HPLC pattern of 188Re(V)-meso-DMSA showed three main isomers and 

unknown forth structure as reported earlier.[22,23] 188Re(V)-rac-DMSA eluted 

as a single peak, which may be attribute to the high hydrophilic nature of 

rac-2,3-DMSA. 

 Biochemical properties of two isomeric 188Re(V)-DMSA complexes such as in 

vitro stability, lipophilicity and protein bindability were investigated to 

characterize these complexes. Both 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA 

were showed excellent stability even at room temperature for 24 h. In 

lipophilicity test, meso complexes was more lipophilic than rac complexes. The 

protein bindability of 188Re(V)-meso-DMSA was evaluated similar bound 

percent values compared with 188Re(V)-rac-DMSA. Protein binding activity of 

the radioactive compounds is basic factor to investigate their biological 

behaviors in vivo. If a radioactive drug is injected into the body, it is mixed 
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with blood and can be reacted with the proteins in the blood. The 

nonprotein-bound and molecular weights of less than 5,000 compounds are 

usually rapidly excreted by glomerular filtration via kidney. Our data obtained 

from protein bindability would indicate that both 188Re(V)-meso-DMSA and 

188Re(V)-rac-DMSA are excreted at a similar speed by kidney and similar 

biological behaviors was also expected.

The organ distribution patterns of 188Re(V)-meso-DMSA were similar with that 

of 188Re(V)-rac-DMSA in the tumor-bearing mouse model, except in bone, 

stomach and tumor. The biosistribution data of 188Re(V)-meso-DMSA showed 

high accumulation in bone similar to the preliminary study[32], whereas 

188Re(V)-rac-DMSA observed relatively lower bone uptake. This result suggest 

that 188Re(V)-rac-DMSA can be showed less side effect than 188Re(V)-meso-DMSA 

because of lower bone uptake. In case of tumor and stomach uptake, 

188Re(V)-rac-DMSA was much higher than 188Re(V)-meso-DMSA at all time 

points. In addition, biodistribution data of this study also showed the much 

lower kidney uptake as compared to the tin-containing 188Re(V)-meso-DMSA. The 

tumor-to-blood ratio of two isomeric 188Re(V)-DMSA complexes showed similar 

pattern. 

In this study, our in vitro and in vivo data proved that 188Re(V)-rac-DMSA 

has different physicochemical properties as compared with 188Re(V)-meso-DMSA. 

The differences may attribute to the nature of meso-2,3-DMSA and 

rac-2,3-DMSA. In the crystal lattice, the rac-2,3-DMSA exists as a 

double-stranded structure because of the staggered gauche configuration of 

individual molecules, however, the meso-2,3-DMSA form a single strand in 
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which each molecule exists in an anti configuration.[10] For this reason 

rac-2,3-DMSA has higher solubility in water, strongly acidic solutions and in 

organic solvents than meso-2,3-DMSA. These conformational difference may 

also affected when meso-2,3-DMSA and rac-2,3-DMSA form the complexes 

with 188Re.
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V. CONCLUSION

 The two isomeric 188Re(V)-DMSA (dimercaptosuccinic acid) complexes were 

prepared and compared in in vitro and in vivo models to evaluate the 

possibility as a diagnostic and therapeutic agent for neuroendocrine tumor 

therapy.    

 rac-2,3-DMSA was synthesized from acetylenedicarboxylic acid and thioacetic 

acid. The 188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA were prepared 

controlling pH and the concentration of DMSA and sodium metabisulfite 

(MBS) to investigate the optimized conditions. MBS was used as the reducing 

agent to reduce the kidney uptake. 188Re(V)-meso-DMSA showed high labeling 

efficiency at pH 2, whereas 188Re(V)-rac-DMSA was prepared at pH 5. 

188Re(V)-rac-DMSA needed more higher concentration of DMSA and MBS 

than 188Re(V)-meso-DMSA for maximum yields. Two isomeric 188Re(V)-DMSA 

complexes showed excellent radiochemical purity and high excellent stability 

even at room temperature. 188Re(V)-meso-DMSA was more lipophilic than rac 

complexes and the protein bindability of 188Re(V)-meso-DMSA was almost 

similar with 188Re(V)-rac-DMSA.

 The biodistribution studies of two isomeric 188Re(V)-DMSA complexes was 

examined in BALB/c nude mice bearing PC-12 tumor. Both 

188Re(V)-meso-DMSA and 188Re(V)-rac-DMSA showed rapid renal clearance. 

188Re(V)-meso-DMSA was highly accumulated in bone, whereas 188Re(V)-rac-DMSA 

was relatively highly accumulated in stomach and kidney compared with other 

organ. Tumor uptake of 188Re(V)-rac-DMSA was much higher than 
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188Re(V)-meso-DMSA at 1 h and 3 h. The gamma camera image of 

188Re(V)-rac-DMSA showed more selectively localized than meso complexes in 

tumor region. These results suggest that 188Re(V)-rac-DMSA may be more 

effective and have better potential than 188Re(V)-meso-DMSA as a diagnostic 

and therapeutic agent for treatment of nueroendocrine tumor. 
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ABSTRACT IN KOREAN

신신신경경경내내내분분분비비비 종종종양양양세세세포포포이이이식식식마마마우우우스스스에에에서서서
188Re(V)-meso-DMSA와와와 188Re(V)-rac-DMSA의의의

핵핵핵의의의학학학영영영상상상

                                     Park, Jun-Young

                                  Dept. of Biomedical Laboratory Science

                                  The Graduate School

                                  Yonsei University

  레늄 -188 (188Re, t1/2 = 16.9h)은 베타입자  (Eβ = 2.11 MeV)와 감마선  (Eγ = 

155 keV)을 방출하는 방사성동위원소로써 핵의학분야에서 진단 및 치료용
으로 아주 다양하게 연구되어지고 있다 . 부분입체이성질체로 존재하는
DMSA (dimercaptosuccinic acid)는 두 가지 형태인 meso형과 racemic (rac)형
으로 존재한다 . 본 논문에서는 meso형과 rac형의 DMSA에 방사성동위원소
인 레늄 -188을 표지하여 얻은 방사성표지화합들의 성질을 in vitro와 in vivo

에서 비교하였으며 , 그 결과를 통해 이들이 핵의학적 진단 및 치료제로서
이용 가능성이 있는지에 대해 평가하였다 . 

  rac-2,3-DMSA는 acetylenedicarboxylic acid와 thioacetic acid를 시작물질로
하여 두 단계에 걸쳐 14%의 수율로 합성하였다 .  DMSA에 레늄 -188을 표
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지하기 위해 환원제로써 SnCl2를 많이 사용하는데 , 이 대신 sodium 

metabisulfite (MBS, Na2S2O5)를 사용할 경우 신장에 대한 친화성을 줄일 수
있다는 보고가 있어 MBS를 환원제로 사용하여 표지하였다 . 표지반응 결과
두 물질의 최적조건은 서로 다른 경향을 보여 주었다 . 188Re(V)-meso-DMSA

는 pH 2에서 높은 표지수율을 보인 반면 , 188Re(V)-rac- DMSA는 pH 5에서
가장 높은 표지수율을 얻을 수 있었다 . 그리고 높은 표지수율을 얻기 위해
서는 188Re(V)-rac-DMSA가 좀 더 많은 양의 DMSA와 환원제를 필요로 하
였다 . 생화학 특성을 조사하기 위해 in vitro에서 이들 표지화합물들의 안정
성 , 친유성 , 단백질 결합능들을 실험하였다 . 이들 부분입체이성질성 DMSA

의 188Re 착체들은 실온에서 24시간까지 안정적으로 존재하였으며 , 단백질
결합능은 비슷하였으나 188Re(V)-meso-DMSA가 188Re(V)-rac-DMSA보다 더
큰 친유성을 보였다 . PC-12 신경 내분비 종양 세포가 이식된 BALB/c nude 

mice에서 두 방사성표지화합물들의 생체분포 및 영상을 얻어 비교하였다 . 

188Re(V)-meso-DMSA는 다른 장기에 비해 뼈와 신장에 많이 집적되었으나 , 

188Re(V)-rac-DMSA는 위와 신장에 많이 집적되었다 . 또한 188Re(V)-rac- 

DMSA가 188Re(V)- meso-DMSA에 비해 종양  세포에 더 많이 집적된 결과를
보여 주었다 . 두 물질의 영상 비교에서는 생체분포의 결과와 일치하였는데 , 

188Re(V)-meso- DMSA는 뼈 , 신장 , 이식된 종양 세포부위 등에 많이 집적된
영상을 확인할 수 있었고 , 188Re(V)-rac-DMSA는 위 , 신장 , 이식된 종양 세
포부위에 집적된 뚜렷한 영상을 확인할 수 있었다 . 

  위와 같은 결과를 통해 두 가지 부분입체이성질성 DMSA의 188Re 착체들
를 신경 내분비 종양의 진단 및 치료에 적용할 경우 , 188Re(V)-rac-DMSA가
188Re(V)-meso-DMSA 보다 우수할 것임을 확인하였다 . 
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