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Abstract: Radiolabeling of poly-aspartic acid potential becomes carriers to deliver diagnostic and 

therapeutic agents to the bone and showed a high affinity for hydroxyapatite, the dominant mineral in 

the bone. Recently, we designed and synthesized the radiotracers, [125I]IB-D8-OH ([125I]8) and [125I]IB-

D11-OH ([125I]9), as well as in vitro evaluated their affinities for hydroxyapatite. The peptide was 

prepared using the solid-phase peptide synthesis method and linked with a prosthetic group, N-

succinimidyl 3-(tri-n-butylstannyl)benzoate (ATE), to afford corresponding precursors for preparing 

radioiodinated peptides. The [125I]8 and [125I]9 were prepared using an iododestannylation reaction, with 

optimized labeling conditions by changing the reaction time and the temperature of the reaction. HPLC 

identified the labeled products, and their radiochemical yield, purity, stability in PBS(-), and affinity 

for hydroxyapatite were evaluated. The optimal labeling condition in this study used an oxidizing agent, 

N-chlorosuccinimide (NCS), which reacted for 15 minutes at room temperature in an acidic solution. 

This labeled method showed high labeling efficiency with radiochemical yield >94%, radiochemical 

purity >98%, and stable labeling. The [125I]8 and [125I]9 had a high affinity for hydroxyapatite. We 

developed [125I]-labeled poly-aspartic acid peptide with high stability in PBS(-) and murine plasma and 

had a high affinity for hydroxyapatite. The optimized radiolabeling methods could be used to prepare 

the other radiohalogenated-labeled oligopeptides using 123I, 124I, and 131I radionuclides instead of 125I 

radionuclide for diagnosis and therapeutic agents targeting bone. However, further studies should be 

required before clinical stage evaluation. 
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1. Introduction 

Abundant growth and proliferation factors in bone provide a favorable environment for 

the growth and metastasis of tumors. In fact, bone is the main organ for metastasis of malignant 

tumors. The early detection of bone metastases has become increasingly important. Nuclear 

medicine imaging through bone-seeking radiopharmaceuticals enables earlier detection of 

bone abnormalities, including bone metastases, before the symptoms and anatomical changes 

occur [1,2]. The development of radiopharmaceuticals to diagnose and treat bone metastases 

in the early stage has progressed in recent years. 

Radiopharmaceuticals, as single photon emission computed tomography (SPECT) 

agents such as [99mTc]Tc-methylene diphosphonate ([99mTc]Tc-MDP) and [99mTc]Tc-

hydroxymethylenediphosphonate ([99mTc]Tc-HMDP), and positron emission tomography 

(PET) agents such as [18F]NaF have been used clinically for localizing the metastatic lesion in 

the bone [2-4]. Meanwhile, radiopharmaceuticals for the treatment of pain from bone 

metastases, such as [153Sm]Sm-ethylenediaminetetramethylenephosphonate ([153Sm]Sm-

EDTMP) and [89Sr]SrCl2, have been approved for the treatment of pain from all osteoblastic 

bone metastases [4,5]. 

Other radiolabeled compounds-based biphosphonate derivatives conjugated with 

radionuclides, such as fluorine-18 (F-18), rhenium-186, gallium-67, gallium-68, yttrium-90, 

and technetium-99m, have been developed [6-16]. These radiometal complexes showed 

excellent accumulation in the bone as an organ target and low accumulation in others and could 

be potential bone-seeking agents. 

Poly-acidic-amino acid peptides (glutamic acid (Glu), aspartic acid (Asp), and γ-

carboxyglutamic acid (Gla) have a high affinity for hydroxyapatite, and their biodistribution 

studies exhibited excellent carriers of radionuclide 67Ga to the bone [17-22]. A previous study 

showed that the binding affinity of oligopeptides toward hydroxyapatite using repeated D-Asp 

amino acid was similar to that of L-Asp amino acid. In addition, according to biodistribution 

results, the accumulation of radiogallium complexes in the bone of ddY mice was comparable 

to that of oligopeptide with repeated D-Asp and L-Asp amino acids [18].  

This study aims to develop a new radiohalogenated-labeled repeated aspartic acid 

amino acid for bone disorder detection. We used iodine-125 (125I) radionuclide for initial 

studies here due to its long half-life (t1/2 = 59.4 days). However, the radiosynthesis method 

developed in this study could also be applied in preparing SPECT imaging agents using iodine-

123 (123I), PET imaging agents using iodine-124 (124I), and therapeutic probes using iodine-

131 (131I) radionuclides instead of the 125I radionuclide. Here, we introduced radioiodine into 

the prosthetic group, which linked to oligopeptides with different lengths of L-Asp amino acid 

(n = 8 and 11) with linker caproic acid, namely [125I]IB-D8-OH ([125I]8) or [125I]IB-D11-OH 

([125I]9) (Figure 1), optimized the radiosynthesis, evaluated their lipophilicity, stability, and 

affinity for hydroxyapatite. 

 
Figure 1. Structures of [125I]IB-D8-OH ([125I]8) and [125I]IB-D11-OH ([125I]9). 
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2. Materials and Methods 

2.1. Materials. 

[125I]Sodium iodide ([125I]NaI) (644 GBq/mg) was bought from PerkinElmer 

(Waltham, MA, USA). The commercially available chemicals and solvents were reagent grade 

and used as received and purchased from AmBeed, Inc. (Illinois, USA), Watanabe Chemical 

Industries, Ltd. (Hiroshima, Japan), Nacalai Tesque, Inc. (Kyoto, Japan), and Tokyo Chemical 

Industry Co., Ltd. (Tokyo, Japan). Proton nuclear magnetic resonance (1H-NMR) spectra were 

recorded on JEOL JNM-ECS400 (JEOL Ltd, Tokyo, Japan). Low-resolution mass spectra 

(LRMS) were obtained by JEOL JMS-T100TD (JEOL Ltd, Tokyo, Japan). Peptides and 

radiolabeled compounds were purified by high-performance liquid chromatography (HPLC) 

(Shimadzu, Kyoto, Japan). An auto 𝛾-counter system (Aloka Co., Ltd., Tokyo, Japan) was used 

to analyze the radioactivity of radiolabeled compounds. 

2.2. Preparation of the reference compounds and precursors. 

Reference compounds and precursors, ATE (2), SIB (3), IB-Ahx-D8-OH (8), IB-Ahx-

D11-OH (9), ATE-Ahx-(Asp(OtBu))8-OH (10), ATE-Ahx-(Asp(OtBu))11-OH (11), were 

prepared in accord with the step synthesis outlined in Scheme 1. 

 
Scheme 1. Synthesis of IB-D8-OH (8), IB-D11-OH (9), [125I]IB-D8-OH ([125I]8), [125I]IB-D11-OH ([125I]9). 

Reagents and conditions: (a) hexabutyldistannane, Pd[P(C6H5)3]4, toluene; (b) NHS, DCC, THF anhydrous; (c) 

30% HFIP in DCM; (d) DIPEA, DMF; (e) TFA/TIS/H2O (95:2.5:2.5); (f) 2, DIPEA, DMF; (g) [125I]NaI, NCS, 

acetic acid, ACN; (h) TFA. 

2.2.1. Preparation of N-succinimidyl 3-(tri-n-butylstannyl)benzoate (ATE) (2). 

The bottom flask containing 3-iodobenzoate (250 mg, 1.0 mmol), hexabutyldistannane 

(1.0 mL, 2.0 mmol), and tetrakis(triphenylphosphine)palladium(0) (Pd[P(C6H5)3]4) (160 mg, 

0.15 mmol) was added anhydrous toluene (10 mL). The mixture was refluxed overnight. After 
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cooling, palladium was removed by filtration using celite® [23,24]. The reaction mixture was 

concentrated and then purified by column chromatography using hexane: ethyl acetate (Hex: 

EtOAc) = 10:1) as eluent to afford the 3-(tri-N-butylstannyl)benzoic acid (1). 

The bottom flask containing 1 (300 mg, 0.7 mmol), N, N’-dicyclohexylcarbodimide 

(DCC) (173 mg, 0.84 mmol), and N-hydroxysuccinimide (NHS) (89 mg, 0.77 mmol) was 

added anhydrous tetrahydrofuran (THF) (8 mL). After stirring at ambient temperature 

overnight, the filtrate was collected and concentrated in vacuo. Product N-succinimidyl 3-(tri-

n-butylstannyl)benzoate (ATE) (2) was yielded after purification using flash column 

chromatography (Hex: EtOAc = 10:1) [24]. 

2.2.2. Preparation of N-succinimidyl 3-iodobenzoate (SIB) (3). 

A mixture of 3-iodobenzoic acid (100 mg, 0.4 mmol), DCC (99 mg, 0.48 mmol), and 

NHS (51 mg, 0.44 mmol) in anhydrous THF (4 mL) was stirred overnight at ambient 

temperature. After filtration, the filtrate was collected, concentrated in vacuo, and purified by 

flash column chromatography using Hex: EtOAc (10:1) to afford 3 [23]. 

2.2.3. Preparation of reference compounds. 

Reference compounds, IB-Ahx-(Asp)8-OH (IB-D8-OH, 8) and IB-Ahx-(Asp)11-OH 

(IB-D11-OH, 9), were prepared using a standard Fmoc-based solid-phase (SPPS) method 

following a previous study with some modifications [23,24]. In brief, a mixture of Fmoc-

Asp(OtBu)-OH (4.0 equiv), DIPEA (2.5 equiv), and 2-chlorotrityl chloride resin (1.0 equiv) in 

dichloromethane (DCM) was reacted at ambient temperature. After shaking for 2 hours, DCM 

was removed and replaced with methanol (2 mL), and the mixing was continued for another 

30 minutes. The mixture was washed with DMF several times, followed by adding 20% 

piperidine in dimethylformamide (DMF), and the mixture was stirred for 15 minutes to 

deprotect the Fmoc group. After washing with DMF, the Fmoc-Asp(OtBu)-OH (2.5 equiv), 1-

hydroxybenzotriazole hydrate (HOBt) (2.5 equiv), and 1,3-diisopropylcarbodiimide (DIPCI) 

(2.5 equiv), and DMF (0.8 mL) were charged into the residue, and the mixing was continued 

for 2 hours. The next peptide chain was constructed following the steps (i) Fmoc deprotection 

by 20% piperidine for 15 minutes and (ii) coupling the amino acid (Fmoc-Asp(OtBu)-OH (2.5 

equiv) or Fmoc-Ahx-OH (2.5 equiv) for 2 hours with HOBt (2.5 equiv) and DIPCI (2.5 equiv) 

in DMF (0.8 mL). This step was repeated until the peptide length was reached, and each step 

of Fmoc-deprotection and peptide coupling was monitored by the Kaiser test to obtain resin-

[Asp(OtBu)]8-Ahx-NH2 (4) or resin-[Asp(OtBu)]11-Ahx-NH2 (5). Subsequently, the reaction 

mixture was treated with 30% 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) in DCM to remove 

the resin. After stirring for 5 minutes at ambient temperature, crude peptides without resin, 

namely NH2-Ahx-[Asp(OtBu)]8-OH (6) or NH2-Ahx-[Asp(OtBu)]11-OH (7), were collected by 

filtration. After concentrating the filtrate in vacuo, the residue was used in the following 

reaction without further purification. The mixture of 6 (26 mg, 17 µmol) or 7 (34 mg, 17 µmol), 

3 (9 mg, 26 µmol), and DIPEA (30 µL, 0.17 mmol) in DMF (150 µL) was reacted by stirring 

overnight at ambient temperature. Subsequently, the reaction was quenched by concentrating 

the mixture in vacuo. The residue was treated with a mixture of water (2.5%): triisopropylsilane 

(TIS) (2.5%): trifluoroacetic acid (TFA) (95%) (2 mL) to afford the reference compounds 8 or 

9. Purification of reference compounds by RP-HPLC on Cosmosil 5C18ARII column size 10 

ID × 150 mm (Nacalai Tesque) with a flow rate of 4.0 mL/min for 20 minutes analysis with a 
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mobile phase gradient system of 50% to 70% methanol (MeOH) in water containing 0.1% TFA 

(system A). The chromatogram was recorded using UV absorption (254 nm wavelength). After 

lyophilization, white solids of 8 (10 mg; 46%) and 9 (12 mg; 43%) were collected, and then 

ESI-MS was used to confirm their molecular weight. 

LRMS (ESI+) m/z analysis ([M+H]+) of 8 calcd for C45H57IN9O27 = 1282.2 found 

1282.4. 

LRMS (ESI+) m/z analysis ([M+H]+) of 9 calcd for C57H72IN12O36 = 1627.3 found 

1627.4. 

2.2.4. Preparation of precursors. 

Precursors, ATE-Ahx-(Asp(OtBu))8-OH (10) and ATE-Ahx-(Asp(OtBu))11-OH (11), 

were prepared as reported in the study with some modifications [23,24]. In brief, the mixture 

of 6 (57 mg, 0.038 mmol) or 7 (76 mg, 0.038 mmol), DIPEA (13.2 µL, 0.38 mmol), and 2 (29 

mg, 0.057 mmol) in DMF (250 µL) was reacted overnight at ambient temperature. After 

concentrating the reaction mixture in vacuo, the crude precursors 10 or 11 were yielded. 

Purification of crude precursors by HPLC on Cosmosil 5C18AR-II column size 10 ID × 150 

mm (Nacalai Tesque) at 4.0 mL/min flow rate with a mobile phase gradient system of 93% to 

95% MeOH in water containing 0.1% TFA (system B) for 11 minutes for 10 and 94% to 96% 

MeOH in water containing 0.1% TFA (system C) for 11 minutes for 11. The chromatogram 

was recorded using UV absorption (254 nm wavelength). After lyophilization, white solids of 

10 (21 mg; 29%) and 11 (25 mg; 27%) were collected, and then ESI-MS was used to confirm 

their molecular weight. 

LRMS (ESI+) m/z analysis ([M+H]+) of 10 calcd for C89H148N9O27Sn = 1894.9 found 

1894.9. 

LRMS (ESI+) m/z analysis ([M+H]+) of 11 calcd for C113H187N12O36Sn = 2409.2 found 

2409.2. 

2.3. Radiolabeling. 

Radioiodinated compounds, [125I]IB-D8-OH ([125I]8) or [125I]IB-D11-OH ([125I]9), were 

prepared by an iododestannylation reaction wherein the corresponding tributylstannyl 

precursors (10 or 11) were reacted with an oxidizing agent, here we used NCS, in acid solution 

[24-26]. The radiotracers were purified by HPLC using a Cosmosil 5C18AR-II column size 4.6 

ID × 150 mm (Nacalai Tesque) at 1.0 mL/min flow rate with a gradient mobile phase of 40% 

to 65% MeOH in water containing 0.1% TFA for 20 minutes (system D) for [125I]IB-D8-OH 

([125I]8) and 40% to 60% MeOH in water containing 0.1% TFA for 20 minutes (system E) for 

[125I]IB-D11-OH ([125I]9). An auto 𝛾-counter determined the radiochemical yield and purity of 

radiotracers. 

The precursor (10 or 11) in a sealed vial (1 mg/mL, 5 µL) was dissolved with 10 µL of 

acetonitrile (ACN), followed by the addition of acetic acid in ACN (5%, 10 µL), 2 µL [125I]NaI 

solution in 0.1 M NaOH, and NCS in ACN (5 mg/mL, 15 µL). The mixture was reacted at 

various temperatures (room temperature (27°C), 40, 60, and 75°C) and various incubation 

times (5, 10, 15, and 20 minutes). This step was followed by removing the reaction solvent 

using N2 gas and adding the TFA (100 µL). After reacting for another 30 minutes, TFA was 

removed by N2 gas, and HPLC purified the residue after adding the initial mobile phase to 

afford [125I]8 or [125I]9. 

https://doi.org/10.33263/BRIAC153.040
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2.4. Evaluation of in vitro stability. 

The stability of radioiodinated compounds, [125I]8 and [125I]9, in phosphate-buffered 

saline (PBS(-)) pH 7.4 and murine plasma was determined as reported in the study [27,28]. The 

stability test in PBS(-) (pH 7.4) was conducted by adding 25 µL of [125I]8 or [125I]9 (37 kBq) 

into sealed tubes and mixing with 225 µL of PBS(-). After incubation for 6 hours at 37 °C, the 

purity of radiotracers was analyzed by HPLC (system D for [125I]8 and system E for [125I]9) (n 

= 3). In the case of the stability of [125I]8 and [125I]9 in murine plasma, 10 µL of radiotracers 

(74 kBq) was added into sealed tubes containing 90 µL of murine plasma. After incubation for 

6 hours at 37°C, an equivalent amount of ice-cold acetonitrile was added. After centrifugation 

at 1000g at 4°C for 10 minutes, the supernatant was filtered, and HPLC was used to analyze 

the purity of [125I]8 and [125I]9 under the same conditions as above. 

2.5. Partition coefficient determination. 

The partition coefficient was determined by analyzing the distribution of [125I]8 and 

[125I]9 into n-octanol and 0.1 M phosphate buffer (PB) pH 7.4, following the reported study 

[19,29]. Each radiotracer, [125I]8 or [125I]9, was added to n-octanol saturated with PB in a test 

tube. The test tube was vortexed for 1 minute and stood at ambient temperature for 10 minutes 

(repeated thrice). This step was followed by centrifugation of the mixture (5 minutes, 3,060g, 

4°C). Radioactivity (RA) of each layer was determined by an auto 𝛾-counter (n = 4). 

Lipophilicity (partition coefficient) was determined by calculating the logarithm of the ratio 

RA of n-octanol to PB. 

2.6. Hydroxyapatite-binding assays. 

Hydroxyapatite (HA)-binding studies were carried out based on reported procedures 

[21,30]. Into various weights (0.2, 0.5, 2.0, and 5.0 mg) of hydroxyapatite beads (Bio-Gel; Bio-

Rad, Hercules, CA) in sealed tubes were added 50 mM Tris/HCl-buffered saline (pH 7.4). Two 

hundred microliters containing radiotracer, [125I]8 or [125I]9, and 19.5 µM its non-

radioiodinated compound, 8 or 9, in 50 mM Tris/HCl-buffered saline (pH 7.4) were added to 

200 µL of HA suspension followed by gently shaking (500 rpm) at room temperature for 1 

hour. After centrifugation for 5 minutes at a speed of 10,000g, the RA of supernatants was 

determined by an auto 𝛾-counter (n = 4). The control was conducted using the same protocol 

without HA beads. The HA-binding ratios were determined as follows: 

𝐻𝑦𝑑𝑟𝑜𝑥𝑦𝑎𝑝𝑎𝑡𝑖𝑡𝑒 𝑏𝑖𝑛𝑑𝑖𝑛𝑔 (%) = (1 −
𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 𝑅𝐴

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 𝑅𝐴
) 𝑥100%                (1) 

3. Results and Discussion 

3.1. Synthesis of the reference compounds and precursors. 

The non-radioactive iodinated compounds as reference compounds, IB-Ahx-(Asp)8-

OH (IB-D8-OH, 8) and IB-Ahx-(Asp)11-OH (IB-D11-OH, 9), were easily yielded according to 

Scheme 1. There were three steps in preparing these compounds. After synthesizing the 

prosthetic moiety (SIB) and the oligopeptide, these compounds were conjugated in basic 

conditions, followed by removing the protecting groups. 
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The SIB (3) was synthesized by reacting 3-iodobenzoic acid with DCC and NHS under 

stirring overnight. The DCC reacts with a carboxylic group of 3-iodobenzoic acid to form the 

activated intermediate, O-acylisourea, which is more reactive than the original carboxylic acid. 

The O-acylisourea intermediate further reacts with NHS to form an NHS ester. The NHS ester 

is then highly reactive to the amine groups of oligopeptides, forms an amide bond, and releases 

NHS [31]. After purification by column chromatography with hexane: ethyl acetate (10: 1) as 

the eluent, 3 was yielded as a colorless solid as a colorless solid (120 mg, 87%) [24]. The 1H-

NMR spectrum (400 MHz, CDCl3): δ 2.92 (4H, s), 7.25 – 7.30 (1H, m), 8.00 – 8.03 (1H, m), 

8.09 – 8.12 (1H, m), 8.47 (1H, s) (Figure 2). 

 
Figure 2. 1H-NMR: N-succinimidyl 3-iodobenzoate (CDCl3).  

Oligo-aspartic acids were prepared using the SPPS method. Compared to LPPS (liquid-

phase peptide synthesis), the SPPS method is faster, more efficient with a small amount of 

byproduct, and more economical than LPPS. Some of the advantages of SPPS include: (1) 

washing away excess reagents and products can be easy, (2) utilizing an excess of reagents 

could speed up and complete the reactions, (3) characterizing the intermediate compounds is 

not necessary, Kaiser test can be used to confirm the reaction progress, (4) availability of a 

larger variety of highly polar and low volatility solvents, (5) by creating a "pseudo-dilute" 

microenvironment, the tethered peptide can prevent intermolecular reactions which facilitates 

some modifications, and (6) appropriateness for automated synthesis technology. The 

oligopeptide-linker conjugate, namely NH2-Ahx-[Asp(OtBu)]8-OH (6) or NH2-Ahx-

[Asp(OtBu)]11-OH (7), which was prepared by SPPS, was then reacted with SIB (3) in DMF 

at ambient temperature. In this study, we used DIPEA to adjust the solution pH to activate the 

amine group of the oligopeptide conjugate linker (hexanoic acid). DIPEA is easy to evaporate 

compared to the basic buffer, which is usually used to adjust the pH of the solution to basic. 

After conjugation of protected oligopeptide and SIB, the protecting groups of oligopeptides 

were removed using an acidic solution mixture H2O/TIS/TFA (2.5:2.5:95). After purification 

by HPLC (system A), the isolated compounds then be lyophilized using freeze-drier, to yield 

the non-radioactive compounds 8 (46%) and 9 (43%) (Scheme 1). The structures of the non-

radioactive iodinated compounds, 8 and 9, were characterized by ESI-MS (Figure 3c and d). 

The LRMS ESI spectra 8 showed [M + H]+ ion peak at m/z 1282.4 and 9 at 1627.4. 
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(a) (b) 

  
(c) (d) 

Figure 3. HPLC chromatograms of reference compounds for (a) IB-D8-OH (8); (b) IB-D11-OH (9). 

Condition: mobile phase of 40% to 60% MeOH in water with 0.1% TFA for 8 minutes and 40% to 65% 

MeOH in water with 0.1% TFA for 9 to 20 minutes at a 1 mL/min flow rate. The ESI-MS spectra for (c) 8 

with [M + H]+ ion peak at m/z 1282.4 amu; (d) 9 with [M + H]+ ion peak at m/z 1627.4 amu. 

N-succinimidyl 3-(tri-n-butylstannyl)benzoate (ATE) was used for synthesizing 

precursors 10 and 11. The ATE-conjugated peptides [32] or small molecules [23,33] were 

commonly used as precursors for their radioiodinated compounds. After introducing the tri-

butyl tin moiety as the leaving group into 3-iodobenzoic acid instead of iodine by utilizing the 

Pd(0) catalyst, the intermediate compound 3-(tri-N-butylstannyl)benzoic acid (1) was obtained 

as a colorless oil in 324 mg or 79% yield. The 1H-NMR spectrum (400 MHz, CDCl3): δ 0.86 

– 0.94 (9H, m), 1.01 – 1.77 (18H, m), 7.36 – 7.44 (1H, m), 7.64 – 7.71 (1H, m), 7.98 – 8.03 

(1H, m), 8.15 – 8.19 (1H, m) (Figure 4). Furthermore, the product N-succinimidyl 3-(tri-n-

butylstannyl)benzoate (ATE) (2) was then obtained after reacting the 3-(tri-N-

butylstannyl)benzoic acid (1) and DCC and NHS under stirring overnight as a colorless oil. 

The 1H-NMR spectrum (400 MHz, DMSO-d6): δ 0.82 – 0.91 (9H, m), 1.01 – 1.18 (6H, m), 

1.23 – 1.33 (6H, m), 1.42 – 1.59 (6H, m), 2.88 (4H, s), 7.58 – 7.62 (1H, m), 7.88 – 7.90 (1H, 

m), 8.01 (1H, dd, J = 7.6, 2.0 Hz), 8.13 (1H, d, J = 0.8 Hz) (Figure 5). 

 
Figure 4. 1H-NMR: 3-(tri-N-butylstannyl)benzoic acid (CDCl3).  
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Figure 5. 1H-NMR: N-succinimidyl 3-(tri-n-butylstannyl)benzoate (DMSO-d6). 

For the synthesis of tin precursors 10 and 11, the synthesized ATE was reacted with 6 

and 7 with chemical yields of 29% and 27%, respectively. The preparation of 10 and 11 using 

a similar protocol in synthesizing 8 and 9 without removing the protecting group of aspartic 

acid because tin compounds were not stable in the TFA solution. 

3.2. Synthesis of radiolabeled compounds. 

Two novel 125I-labeled oligo-aspartic acids, namely [125I]IB-D8-OH ([125I]8) or [125I]IB-

D11-OH ([125I]9) (Figure 6), were prepared by an iododestannylation mechanism wherein the 

tin group of the corresponding tributyltin precursors becomes the leaving group to be replaced 

by radionuclide I-125. This reaction used NCS as an oxidizing agent in an acidic condition at 

an optimized reaction. The identity of [125I]8 and [125I]9 was confirmed by comparing the 

retention times with the non-radioactive compounds 8 and 9, respectively. Retention times for 

compounds 8 and [125I]8 on the RP-HPLC system D were 9.51 and 9.48 minutes, respectively. 

Meanwhile, the retention time for compounds 9 and [125I]9 on the RP-HPLC system E was 8.83 

and 8.88 minutes, respectively. These results showed that we successfully synthesized the 

radioiodinated compounds according to the retention time of radiotracers, comparable to their 

reference compounds' retention time. 

  

(a) (b) 

Figure 6. HPLC chromatograms of (a) 8 and [125I]8; and (b) 9 and [125I]9. Condition: mobile phase of 40% to 

60% MeOH in water with 0.1% TFA (for 8 and [125I]8) and 40% to 65% MeOH in water with 0.1% TFA  (for 

9 and [125I]9) for 20 minutes with a flow rate was 1 mL/min. 
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Various reaction times (5, 10, 15, and 20 minutes), which were performed at room 

temperature, affected the labeling efficiency. To optimize the labeling in this study, we used 

37 kBq [125I]NaI each time. After reacting the mixture at room temperature for 5 and 10 

minutes, the labeling efficiency for [125I]8 was 42.3 ± 10.7% and 55.7 ± 4.0%, respectively, 

and for [125I]9 was 41.7 ± 7.5% and 54.0 ± 1.7%, respectively. Meanwhile, the highest labeling 

efficiency was reached after reacting the mixture at room temperature for 15 minutes. There 

are 94.3 ± 0.5% for [125I]8 and 95.3 ± 0.5% for [125I]9. Prolonging reaction time by more than 

15 minutes decreased. The labeling efficiency dropped to 93.3 ± 0.5% for both [125I]8 and 

[125I]9. These results suggest we react to the mixture for 15 minutes (Figure 7). Different 

temperatures (room temperature (27°C), 40°C, 60°C, and 75°C) also affected the labeling 

efficiency. The radiolabeling efficiency after heating is lower than that at room temperature. 

After heating, other byproducts were formed, which were hardly found when radiolabeled 

compounds were heated at room temperature. Therefore, 15 minutes and room temperature 

were chosen as optimized radiolabeling conditions because these conditions met the highest 

labeling efficiency. After purification by HPLC, the radiochemical purities were over 98%.  

  
(a) (b) 

Figure 7. Radiochemical purities of [125I]8 and [125I]9 at (a) various reaction temperatures; (b) various 

reaction times.  

3.3. Evaluation of in vitro stability. 

The stability of radiotracers in PBS(-) (pH 7.4) was evaluated using HPLC analysis. 

After incubation for 6 hours at 37°C, [125I]8 and [125I]9 showed relatively high stability, 

wherein their purities remained high, more than 90%. The purities of radiotracers after 6 hours 

of incubation in PBS(-) (pH 7.4) were 95.9 ± 0.2% of [125I]8 and 96.1 ± 0.4% of [125I]9 (mean 

± SD for three samples). In addition, the purities of [125I]8 and [125I]9 after incubation for 6 

hours in murine plasma were 93.5 ± 0.4% and 95.2 ± 0.3%, respectively (mean ± SD for three 

samples). High remained intact after incubation, indicating that [125I]8 and [125I]9 remain stable 

in vitro. 

3.4. Evaluation of partition coefficient. 

The partition coefficient (log P) of the radioiodinated compounds was analyzed using 

the shake flask method by the equilibrium distribution in a mixture of an organic layer, namely 

n-octanol, and an organic layer, namely 0.1M phosphate buffer (PB) pH 7.4. Log P values of 

both radiotracers were displayed in Table 1. The funding result exhibited that the [125I]9 was 

more hydrophilic than the [125I]8. 
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Table 1. The partition coefficient (log P) value of [125I]8 and [125I]9. 

Compounds Log P (n-octanol/PB) 

[125I]IB-D8-OH ([125I]8) -2.20 ± 0.08 

[125I]IB-D11-OH ([125I]9) -2.42 ± 0.11 

3.5. Affinity to hydroxyapatite. 

Protein and inorganic crystals are combined to form bone. The mineral phase, 

hydroxyapatite, is composed primarily of calcium and phosphate crystals [34]. Radiotracers 

with excellent affinity for bone are expected to shorten the interval between injection and bone 

imaging. The high affinity of radiolabeled compounds for hydroxyapatite correlates with high 

accumulation in the bone [30,35]. Thus, we evaluated the hydroxyapatite binding of [125I]8 and 

[125I]9 as an index of bone affinity in vitro [30]. In a 0.5 mg/mL suspension, the percentage of 

[125I]8 and [125I]9 binding to hydroxyapatite was found to be 57.8 ± 2.6% and 55.2 ± 3.6%, 

respectively. This binding affinity tends to increase in line with an increasing hydroxyapatite 

amount and reached 91.3 ± 0.4% and 91.1 ± 0.3% for [125I]8 and [125I]9, respectively, at 12.5 

mg/mL suspension of hydroxyapatite. Both radiotracers exhibited comparable binding ratios 

to the hydroxyapatite (Figure 8). These findings were consistent with radiogallium-labeled 

oligo-aspartic acid with lengths of amino acid chains 8 and 11 [17,18,21]. Repeating aspartic 

acid sequences in osteopontin and glutamic acid sequences in bone sialoprotein are two 

dominant noncollagenous bone matrix proteins offering potential hydroxyapatite-binding sites. 

Poly-acid amino acids exhibit a high affinity for hydroxyapatite and could be applied as drug 

carriers targeting bone [17]. The findings of these initial studies, wherein [125I]8 and [125I]9 

showed a high affinity for hydroxyapatite, could potentially be the carrier for radiohalogenated 

compounds targeting bone. 

 
Figure 8. Hydroxyapatite binding of [125I]8 and [125I]9. Data are expressed as the mean ± SD for four samples. 

The findings showed that our designed radioiodinated-conjugated oligo-aspartic acids 

with different lengths (n = 8 and 9) have high labeling efficiency and stability and no need for 

heat to introduce the radionuclide iodine. [125I]8 and [125I]9 exhibited high affinity for 

hydroxyapatite as the dominant mineral in the bone as an organ target in this study. This 

labeling method could be used in preparing radioiodinated compounds-based small molecules 

and oligopeptides using I-123, I-124, and I-131 instead of I-125 for diagnosis and therapeutic 

agents targeting bone. However, this result still needs to be evaluated in vivo using ddY mice 

and a bone metastasis mouse model to confirm their accumulation in bone. 
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4. Conclusions 

This study successfully prepared 125I-labeled poly-aspartic acid peptides, which target 

bone using an iododestannylation reaction under non-carrier-added conditions. After 

optimizing the reaction conditions, [125I]8 and [125I]9 were achieved with high radiochemical 

yields and purities. These radioiodinated compounds were stable in PBS and murine plasma 

and had a high affinity for hydroxyapatite. The optimized radiolabeling methods could be used 

to prepare the other radiohalogenated-labeled oligopeptides using 123I, 124I, and 131I 

radionuclides instead of 125I radionuclide for diagnosis and therapeutic agents targeting bone. 

However, further studies should be required prior to clinical stage evaluation. 
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