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The selective tumor targeting of a radiotracer while 

excluding accumulation in normal tissues is difficult. A 

long-standing dilemma in the field of diagnostics or 

therapeutics is the reticuloendothelial system uptake of 

molecules. Indeed, the physicochemical properties of 

radiotracers including their hydrodynamic size, molecu-

lar weight, overall chargedistribution, hydrophilicity, 

and hydrophobicity have a role in preventing their 

uptake in non-targeted tissues (1). After their adminis-

tration in vivo, most molecules are eliminated through 

the kidneys via renal tubular secretion or glomerular 

filtration (2). In general, molecules with a molecular 

weight < 40 kDa are transported through the glomerular 

filtration membrane (3, 4). However, renal clearable 

molecules were also reported to be eliminated via the 

influx-efflux mechanism into the proximal tubules (5). 

The main role of radiotracers is to target cancers with 

rapid clearance and provide enhanced signals in any 

modality imaging (6).  Considering this, Bujie Du et al. 

reported the ICG-PEG45 molecule, which selectively 

targets renal cell carcinomas via renal tubular secretion 
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(7).  Due to its low affinity towards the mononuclear 

phagocytic system (MPS), which includes the liver and 

spleen, molecules that interact with organic anion trans-

porters in the proximal tubules undergo influx on the 

basolateral side and efflux via the P-glycoprotein (P-gP) 

transporter. Notably, ICG-PEG45 was not only limited 

to kidney carcinomas but also detected metastatic 

tumors with positive contrast in other organs such as the 

brain, bone, and lungs.

Liposomes are non-toxic, biodegradable, and biocom-

patible materials that are ideal drug carriers because they 

are morphologically identical to the host cell structure 

and can encapsulate various substances (8, 9).  Several 

biomedical applications ofvarious liposomes have been 

already approved by the Food and Drug Administration 

and many are in clinical trials (10).  However, to be 

effective, lipo- somes should be loaded with any 

diagnostic or therapeutic agent and many optical or 

nuclear tracers are well established (11).  Based on these 

previous studies, we designed and synthesized a new 

tracer, SnBz-PEG36, which contains low molecular 

weight polyethylene glycol (PEG36) that improves 

hydrophilicity and reduces affinity towards the MPS, 

and which can undergo radioiodination for use as a 

nuclear diagnostic tool. Because of the advantages of 

liposomes in delivering such agents, we prepared 

liposomes and evaluated them in tumor models in 

comparison with a radiotracer. The radiotracer and 

liposomes were rapidly cleared in normal mice or mouse 

tumor models, with low tumor uptake.                                        

Materials and Methods  

General remarks 
Amino-PEG36 carboxylic acid was purchased from 

Broad- Pharm (San Diego, CA, USA), and all remaining 

reagentswere purchased from Sigma-Aldrich (St. Louis, 

MO, USA)unless otherwise noted. [131I]NaI was provid-

ed by SamyoungUnitech (Daejeon, Korea) and 1,2-di-

palmitoyl-sn-glycero-3-phosphocholine (DPPC), choles-

terol, and 1,2-distearoylsn-glycero-3-phosphoethanol-

amine-N-[methoxy(polyethyleneglycol)-2000] (DSPE-

PEG2000), were purchased from Avanti Polar Lipids 

(Alabaster, AL, USA). Phosphate-buffered saline (PBS) 

was purchased from HyClone (Logan, Utah,USA). The 

tracer was purified via HPLC (Waters Corp.,Milford, 

MA, USA) using a Luna C8 HPLC column(Phenomen-

ex, Torrance, CA, USA).

Synthesis of 2, 5-dioxopyrrolidin-1-yl
4-iodobenzoate (2)

4-iodobenzoic acid (500.0 mg, 2.01 mmol) was added 

to a stirred solution of 1-hydroxypyrrolidine-2,5-dione 

(255.15 mg, 2.21 mmol) and 1-ethyl-3-(3-dimethylamino-

propyl)carbodiimide (343.08 mg, 2.21 mmol) in CH2Cl2 

(10 mL). The reaction mixture was stirred at room 

temperature for 8 h. After completion of the reaction 

(monitored by TLC), the solvent was evaporated under 

reduced pressure. Ice cold water was added to the crude 

form and then extracted with CH2Cl2 (3 × 10 mL). The 

combined organic phase was washed in brine and dried 

over MgSO4. The solvent was concentrated to give an 

off-white solid. After purification by column chroma-

tography on a silica mesh, elution with hexane/ethyl 

acetate (7:3) obtained 2,5-dioxopyrrolidin-1-yl 4-iodo-

benzoate as a white solid (496.71 mg, 72% yield). 1H 

NMR (500 MHz, CDCl3):  2.93 (s, 4H), 7.84 (d, J = 9 

Hz, 2H), 7.90 (d, J = 8.5 Hz, 1H) ppm.

Synthesis of 2, 5-dioxopyrrolidin-1-yl 
4-(tributylstannyl) benzoate (3)

  Hexabutylditin (0.78 ml, 0.9 g, 1.55 mmol) and a 

catalytic amount of tetrakis(triphenylphosphine)palladi-

um (3.0 mol %) were added to a stirred solution of 2.5- 
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dioxopyrrolidin-1-yl 4-iodobenzoate (240.49 mg, 0.97 

mmol) in anhydrous toluene (10.0 ml). The reaction 

mixture was refluxed for 8 h. After completion of the 

reaction (monitored by TLC) the reaction mixture was 

cooled at an ambient temperature and the reaction 

mixture was filtered. The filtrate was evaporated under 

reduced pressure to obtain a black thick oil. After purifi-

cation by column chromatography on a silica mesh, 

elution with hexane/ethyl acetate (7:3) obtained 2,5-di-

oxopyrrolidin-1-yl 4-(tributylstannyl)benzoate as a color- 

less oil (201.0 mg, 40% yield). 1H NMR (500 MHz, 

CDCl3):  0.96-0.89 (m, 9H), 1.14-1.10 (m, 4H), 1.37-1.32 

(m, 8H), 1.57-1.52 (m, 6H), 2.92 (s, 4H), 7.65 (d, J = 8.0 Hz, 

2H), 8.06 (d, J = 8.0 Hz, 2H)  ppm.     

Synthesis of SnBz-PEG36 (4)
 2,5-dioxopyrrolidin-1-yl 4-(tributylstannyl)benzoate 

(3.0 mg, 5.9 μmol) and amino-PEG36 carboxylic acid 

(10.0 mg, 6.0 μmol) were added to 3.0 mL CH2Cl2 

followed by the addition of triethylamine (~2.0 μL, 20.0 

μmol). The reaction mixture was stirred at room 

temperature for 16 h. After completion of the reaction 

(monitored by TLC), the solvent was evaporated under 

reduced pressure. Ice cold water was added to the crude 

form and extracted with CH2Cl2 (3 × 5 mL). The combined 

organic phases were washed with cold water and dried 

over MgSO4. The solvent was concentrated to give an 

off-white solid. Further purification was carried out 

using semi-preparative HPLC (WATERS) with a 

Phenomenex Luna C8 column (5 μm x 10 x 50 mm) by 

eluting a gradient containing 0.1% TFA/H2O (A) and 

0.1% TFA/ACN (B); 0-20% (B) for 5 mins and 20-90% 

(B) for 30 mins, followed by 90-0% (B) for 40 mins with 

a flow rate of 1 mL/min at 254 nm. Finally, collected 

fractions were frozen at -80  and lyophilized to obtain 

2,5-dioxopyrrolidin-1-yl 4-iodobenzoate (SnBz-PEG36) 

as a white solid (3.3 mg, ~ 30% yield). Matrix-assisted 

laser desorption ionization-time of flight (MALDI-TOF) 

m/z: calculated [M+Na]+: 2091.1409; found: 2091.0881.

1 M HCl and [131I]NaI (11.1 MBq) were added to an 

aliquot of 100 μg/100 μL of radiotracer in acetic acid, 

and vortexed. Radioiodination was initiated by adding 

3% hydrogen peroxide and thermomixed for 30 mins at 

70°C. The reaction was monitored by radio-TLC (silica, 

hexane/ethyl acetate; 20:1) and after the completion of 

iodination, it was quenched by NaHSO3. The reaction 

mixture was evaporated to dryness at 50 °C for 30 mins 

to evaporate the free radioiodine. Purified [131I]-Bz- 

PEG36 was dissolved in chloroform and used for tumor 

targeting study or liposome preparation.

131I]-Bz-PEG36

The radiotracer-loaded liposomes were prepared as 

previously reported (12). Briefly, [131I]-Bz-PEG36 was 

added to a mixture of liposomal components, 0.5 mM of 

DPPC, DSPE-PEG2000, and cholesterol  in CHCl3 at a 

molar ratio of 16:7:1 in a 100-mL round bottom flask. 

The lipids were evaporated for 30 mins on a rotary 

evaporator at slow rotation to obtain a thin film. Next, 

the thin lipid film was hydrated using 1 mL PBS at a 

transition temperature of 55°C for 30 mins. The radio-li-

posomal dispersion was extruded by passing through 

400 nm and 100 nm polycarbonate membranes (What-

man, Kent, UK) 21 times from each membrane using a 

mini extruder (Avanti, Polar Lipids, USA).

Animal models
To evaluate the targeting ability and clearance of 

[131I]-Bz-PEG36 in mouse tumor models, CT26 cells and 

4T1/Luc+ cells were subcutaneously inoculated into the 

right (1 × 106 cells per mouse) and left shoulder (5 × 106 

cells per mouse) of BALB/c mice (male, 7 weeks, 16 - 20 g, 
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Hyochang Science, Daegu, Korea). When the tumor 

reached 6-8 mm in diameter (8 days after inoculation), 

biodistribution studies with [131I]-Bz-PEG36 were conduct-

ed in xenograft models. Orthotopic pancreatic tumor 

models were prepared by the inoculation of 4T1/Luc+ 

cells (1 × 106 cells per mouse) into the pancreatic tail of 

C57BL/6J mice (male, 7 weeks 16-20 g, Hyochang Science, 

Daegu, Korea).

Biodistribution studies were conducted using 

[131I]-Bz-PEG36 (0.5-0.8 MBq in 200 μL PBS) in normal 

mice or mouse tumor models (n = 1 each). All samples 

were intravenously injected through the tail vein and 

mice were anesthetized using 1-2% isoflurane in O2. 

Post-injection mice were sacrificed and organs were 

harvested at 24, 23, 4, and 1 h time points in normal 

mice, 4T1 (orthotopic), CT26, and 4T1 (xenograft) 

mouse models, respectively. Harvested organs were 

weighed immediately and measured by -Counter (Wal-

lach, Turku, Finland). The biodistribution data were shown 

as a percentage of the injected dose per weight (%ID/g).

Results and Discussion

36 tracer (4)
The three-step synthesis was initiated from commer-

cially available 4-iodobenzoic acid to yield 4-iodoben-

zoate-NHS ester with the help of a carboxyl activating 

agent, EDC. Here, we selected 4-iodobenzoic acid as the 

core due to its high stability and to minimize in vivo 

deiodination. Further stannylation of aryl halide was 

performed under refluxing conditions in the presence of 

a catalytic amount of Pd(PPh3)4. Finally, amino-polyeth-

ylene glycol (PEG36) was coupled with stannylated 

benzoate in the presence of a strong base, triethylamine, 

to yield the tracer, SnBz-PEG36 (4) (Scheme 1). The 

tracer was then purified by preparative high-pressure 

liquid chromatography with the help of a reverse phased 

C8 column (RP-HPLC) with an overall yield of 8.64% 

and MALDI-TOF analysis confirmed the formation of 

the tracer (Figure 1).

36 (5)
Radioiodination was performed by replacing the 

tributylstannyl group of (4) with radioactive iodine-131 

(Figure 2). Simply, in the presence of acetic acid and 

hydrogen peroxide, the tracer and [131I]NaI (11.1 MBq) 

were agitated together at 70°C for 30 mins. The iodina-

tion was monitored by thin-layer chromatography 

spotting the mixture on iTLC-SG and was developed in 

50 mM ammonium citrate. The free iodine moves 

towards the front line whereas the tracer remains at the 

origin because of its bulkier nature. After confirmation 

of radioiodination, the reaction was quenched by sodium 

bisulfite, and the mixture was extracted using acetoni-

trile on a rotary evaporator and reconstituted in PBS and 

in chloroform for liposome preparation to examine 

individual and liposome-loaded tumor targeting.

For the encapsulation of a radiotracer into liposomes, 

we followed our optimized and reported protocol (12). 

All the lipids, DPPC, cholesterol, and DSPE-PEG2000 

were dissolved in chloroform to a final concentration of 

0.5 mM and mixed together with [131I]-Bz-PEG36 at a 

molar ratio of 16:1:7. The mixture was concentrated 

over a rotary evaporator to form a thin lipid film, which 

was then hydrated in PBS at 55°C for 30 mins. The 

tracer-loaded liposomal solution was extruded through 

400 nm and 100 nm membrane filters using a manual 

extruder. Finally, the uniformed liposomes were admin-
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Figure 3. Biodistribution studies of radio-iodinated [131I]-Bz-PEG36 at

orthotopic and, CT26 (n = 1) xenograft tumor models, respectively.

Figure 1. Characteristic MALDI-TOF spectrum of SnBz-PEG36

Figure 2. Radiolabeling of SnBz-PEG36

[131I]NaI (B), radio-iodinated [131I]-Bz-PEG36 (C), and radio-
TLC final extruded liposomes (D). All TLCs were developed
in 50 mM ammonium citrate as the mobile phase and iTLC-SG
as the stationary phase.

Scheme 1.
and radiotracer SnBz-PEG36

istered to the mouse tumor models and further biodistri-

bution studies were performed.

131I]-Bz- PEG36 and loaded 
liposomes in mice

First, we investigated the affinity of the radiotracer 

[131I]-Bz-PEG36 to MPS in normal BALB/c mice. The 

radiotracer [131I]-Bz-PEG36 (0.7 MBq) was administered 

to mice through the tail vein and biodistribution studies 

were performed at 24 h post-injection. The tracer 

showed no affinity towards the liver or spleen and the 

maximum level was found in the kidneys (0.22% ID/g). 

In accordance with the study by Bujie Du et al. that 

showed ICG-PEG45 targeted metastatic tumors, we 

investigated the radiotracer in a 4T1 orthotopic carcino-

ma model. At 23 h post-injection, similar results were 

obtained as in normal mice: approximately 0.18% ID/g 

was present in the kidneys and only 0.01% was present 

in the 4T1 pancreatic tumor. Next, we screened the 

radiotracer in another tumor model (CT26 colorectal 

cancer). Due to its rapid clearance, mice were sacrificed 

at an earlier time point at 4 h post-injection. Slightly 

different results were observed in CT26 tumor mice. The 

thyroid (0.23% ID/g) and bone (0.12% ID/g) showed 

some uptake along with minimum tumor uptake (0.2% 

ID/g); however, there was less accumulation in the 

kidneys (0.06% ID/g) (Figure 3). 

These initial findings suggested that the radiotracer 

was cleared rapidly and had no strong affinity towards 

tumors. Finally, we decided to encapsulate [131I]-Bz- 

PEG36 into liposomes and monitored its delivery to the 

tumor site. The one-pot liposomes loaded with tracer 

were prepared and administered to the 4T1 xenograft 

mouse model by intravenous injection. Radiotracer-load-

ed liposomes showed little tumor uptake (0.36% ID/g) at 
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1 h post-injection, whereas the kidney and liver had the 

highest uptake (0.97% ID/g and 0.72 % ID/g, respec-

tively; Figure 4). Overall, rapid clearance was observed 

for the radiotracer and liposomes, which had a poor 

affinity towards the MPS or tumor site, as confirmed at 

various timepoints and in different tumor models.

Conclusion
A new radiotracer with low molecular weight polyeth-

ylene glycol (SnBz-PEG36) was synthesized and radioio-

dinated with iodine-131 to investigate its characteristics

in vivo. As anticipated, the radiotracer was excreted 

through the kidneys with minimum or no affinity for the 

liver according to biodistribution studies. Similarly, we 

expected the radiotracer alone to target tumors; howev-

er, the tracer was cleared rapidly without targeting the 

tumors. We then loaded the radiotracer into liposomes 

and its tumor targeting ability was investigated; howev-

er, only 0.3% ID/g of the liposomes accumulated at the 

tumor site. Therefore, the radiotracer should be 

optimized further using higher numbers of mice.
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