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Abstract This work reports the synthesis, radiolabeling

and preliminary biodistribution results in tumor-bearing

mice of [99mTc(CO)3(PA-TZ-CHC)]?. The novel colchicine

(CHC) ligand was successfully synthesized via ‘‘click’’

reaction. Radiolabeling was performed in high yield with

[99mTc(CO)3]? core to get [99mTc(CO)3(PA-TZ-CHC)]?,

which was hydrophilic and cationic, and was stable at room

temperature. Biodistribution studies in tumor-bearing mice

showed that [99mTc(CO)3(PA-TZ-CHC)]? accumulated in

the tumor with good uptake while comparatively low

retention. The clearance of the 99mTc-complex from normal

organs was fast, resulting in increasing tumor/blood and

tumor/muscle ratios. The promising results in preliminary

biodistribution studies warrant further research to improve

tumor targeting efficacy and pharmacokinetic profile of

radiolabeled CHC derivative by structural modification.
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Introduction

Colchicine (CHC), the major alkaloid of the meadow saf-

fron, is one of the most prominent natural products and,

like other tubulin-binding natural products (e.g., taxol and

the epothilones), exhibits great pharmaceutical potential

[1]. CHC is used for the treatment of acute gout. CHC

binds to tubulin, thereby interfering with the polymeriza-

tion of tubulin, interrupting microtubule dynamics, and

arresting the mitosis in the metaphase stage. The cancer

cells are dependent on the microtubule dynamics for their

uncontrolled growth and division. Highly dynamic mitotic-

spindle microtubules are among the most successful targets

for anticancer therapy [2]. CHC was, therefore, selected as

the biomolecule for preparing tumor-targeted radiophar-

maceuticals for imaging or therapy purpose.

CHC, like many other cytotoxic drugs, enters the cell

through the lipid bilayer by passive diffusion and binds

reversibly to P-glycoprotein (Pgp) [1]. P-gp is a 170-kDa

transmembrane drug efflux pump encoded by the MDR-1

gene in humans [3]. Pgp-mediated transport of chemo-

therapeutic drugs has been studied using single photon

emission computed tomography (SPECT) and positron

emission tomography (PET). It has been reported the fea-

sibility of imaging Pgp functionality in tumours with [11C]

CHC and PET [4, 5]. The potential of CHC for tumor

imaging and assessing antiangiogenic effect has been very

well documented in the use of 99mTc-ethylenedicysteine

colchicine [6]. Trimethylcolchicinic acid, derivatived from

CHC, has been labeled by [99mTc(CO)3]? and [99mTcN]2?

core [7]. The 99mTc-labeled CHC conjugates are used in

targeting tumors and reported to exhibit good tumor

uptake. CHC has been labeled by 125I directly and found

to be suitable for imaging of muscles [8]. Recently, we

have reported a radioiodinated pegylated CHC [9] and a
99mTc(CO)3-AOPA CHC conjugate [10]. The former

exhibits good clearance from background but poor tumor

localization [9]. While the latter exhibits good uptake and

retention in tumor with slow clearance from normal organs
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[10]. CHC has also been labeled by therapeutic radioiso-

topes, including 90Y and 188Re [11, 12]. Both of the
90Y-DOTA-NCS-CHC and 188Re(CO)3-colchicine com-

plexes exhibit good tumor uptake and retention, which

suggest their potential for tumor therapy [11, 12].
99mTc is the most widely used radionuclide for diag-

nostic imaging with SPECT because of its favorable

physical properties (t1/2 = 6 h, Ec = 140 keV), low cost,

and widespread availability [13]. One-step synthesis of

[99mTc(CO)3(H2O)3]? by direct reduction of 99mTcO4
-

with sodium borohydride in aqueous solution was firstly

developed by R. Alberto et al. [14]. Since then, a large

number of biologically avid molecules have been labelled

by [99mTc(CO)3]? core for the development of site-specific

radiopharmaceuticals. The [99mTc(CO)3]? core possesses

many excellent features, such as its small volume, kinetic

inertness, and flexibility in the choice of ligands for

designing complexes of desirable size, charge, and lipo-

philicity suitable for the specific study [14–16].

Derivatization of CHC to the suitable precursor was

necessary for subsequent 99mTc-labeling. The catalytic

‘‘click’’ reaction of an azide and an alkyne to produce tri-

azole has provided an excellent platform for coupling two

molecules for a variety of applications (nanoparticles,

polymers, biomolecules) [17, 18]. In this paper, a new

CHC derivative was synthesized via ‘‘click’’ reaction to

form the ‘‘N3’’ chelator group. We report herein the syn-

thesis, 99mTc(CO)3-labeling and preliminary biodistribu-

tion studies of the new CHC ligand in tumor-bearing mice.

Methods and materials

Materials

Commercially available reagents and solvents were used

without further purification. Compound 1 (deacetylcolchi-

cine), 2-(2-azidoethoxy)ethyl 4-methylbenzenesulfonate

and N-(pyridin-2-ylmethyl)prop-2-yn-1-amine were syn-

thesized according to the described methods respectively

[19–21]. Column chromatography was carried out on silica

gel. 1H NMR spectra were recorded with a 400 MHz

spectrometer by using TMS as the internal standard. Mass

spectrometer was performed on a Bruker Daltonics

esquire6000 mass spectrometer with electrospray-ionisa-

tion probe. A 99Mo/99mTc generator was obtained from the

China Institute of Atomic Energy (CIAE).

Synthesis of PA-TZ-CHC (Fig. 1)

To 0.5 mL of DMF were added compound 1 (130 mg,

0.364 mmol), 2-(2-azidoethoxy)ethyl 4-methylbenzene-

sulfonate (124 mg, 0.435 mmol) and K2CO3 (151 mg,

1.093 mmol). The reaction mixture was heated to 90 �C for

5 h. DMF was removed under reduced pressure. The resi-

due was dissolved in 30 mL of EtOAc, and washed by

saturated salt water (10 mL 9 3). The organic phase was

dried with Na2SO4. The solvent was removed under

reduced pressure and the residue was purified by silica gel

column (EtOAc/MeOH = 30/1) to give compound 2

(70 mg, 0.149 mmol, 40.9 %) as a light-yellow oil. 1H

NMR (400 MHz, CDCl3): d = 7.87 (s, 1 H), 7.21 (d,

J = 5.2 Hz, 1 H), 6.79 (d, J = 5.2 Hz, 1 H), 6.54 (s, 1 H),

3.99 (s, 3 H), 3.93 (s, 3 H), 3.91 (s, 3 H), 3.67-3.48 (m, 7

H), 3.36 (m, 3 H), 2.63 (m, 1 H), 2.52-2.15 (m, 5 H), 1.90

(br, 1 H) ppm. ESI–MS: 471.3 (MH?).

To 1 mL of THF were added compound 2 (70 mg,

0.149 mmol), N-(pyridin-2-ylmethyl)prop-2-yn-1-amine

(26.1 mg, 0.179 mmol) and CuI (3 mg, 0.015 mmol). The

yellow-green mixture was stirred at room temperature for

5 h. The solvent was removed under reduced pressure and

the residue was purified by silica gel column (EtOAc/

MeOH/Et2NH = 100/10/3) to give PA-TZ-CHC (23 mg,

0.0373 mmol, 25.0 %) as a yellow oil. 1H NMR (400

MHz, CDCl3): d = 8.52 (d, J = 2.4 Hz, 1 H), 7.82 (s, 1

H), 7.77 (s, 1 H), 7.63 (t, 1 H), 7.35 (d, J = 4.0 Hz, 1 H),

7.22 (d, J = 5.2 Hz, 1 H), 7.15 (t, 1 H), 6.79 (d,

J = 5.2 Hz, 1 H), 6.53 (s, 1 H), 4.55 (t, 2 H), 3.98 (m, 7 H),

3.92 (s, 3 H), 3.91 (s, 3 H), 3.87 (m, 2 H), 3.60 (s, 3 H),

3.47 (t, 2 H), 3.34 (m, 1 H), 2.60 (m, 1 H), 2.48-2.00 (m, 7

H) ppm. ESI–MS: 617.5 (MH?), 309.3 (M ? 2H?)/2.

Radiosynthesis of [99mTc(CO)3(PA-TZ-CHC)]?

(Fig. 2)

The tricarbonyl technetium precursor was prepared accord-

ing to the procedure published by Alberto and his coworkers

[14, 15]. The pH of the intermediate was adjusted to *7.0

with 1 N HCl. A 0.5 mL of the freshly prepared

[99mTc(CO)3(H2O)3]? precursor (185 MBq) was added into

a 5 mL vial containing PA-TZ-CHC (100 lg) in 0.5 mL

100 mM PBS (pH = 7.4). The reaction mixture was heated

at 100 �C for 15 min. After cooling to room temperature, the

radiochemical purity (RCP) of the mixture was evaluated by

TLC, which was performed on a polyamide strip eluted with

dichloromethane/methanol = 1/1 (V/V).

Determination of the partition coefficient

The partition coefficient was determined by mixing the

complex with an equal volume of n-octanol and phosphate

buffer (25 mM, pH 7.4) in a centrifuge tube. The mixture

was vigorously stirred for 10 min at room temperature, and

was then transferred to an Eppendorf microcentrifuge tube.

The tube was centrifuged at 8,000 rpm for 10 min. Sam-

ples in triplets from n-octanol and aqueous layer were
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obtained, and were counted in a well c-counter. The par-

tition coefficients were calculated using the following

equation: P = (activity concentration in n-octanol)/(activ-

ity concentration in aqueous layer). The final partition

coefficient value was expressed as log P.

Paper electrophoresis

A sample of the complex (1 lL) was spotted on Whatman 1

chromatography paper (15 9 1 cm), saturated with 0.05 M

pH 7.4 phosphate buffer, in an electrophoresis bath. The

analyses were carried out using phosphate buffer (0.05 M

pH 7.4) at 150 V for 2 h. The strips were dried and the

distribution of radioactivity on the strip was determined.

Stability studies

The stability of the complex was determined by measuring

the RCP at room temperature (25 �C) at different time

points (0, 1, 2, 4, 6 h) after preparation.

Biodistribution studies in tumor-bearing mice

The Kunming mice were provided by Gansu Academy of

Medical Sciences. In vivo growth was initiated by hypo-

dermic injection of approximately 106 H22 cells into the

left front leg of female Kunming mice. 7–8 days after

inoculation, the tumor size was in the range of 0.5–0.8 g,

and animals were used for biodistribution studies. A solu-

tion of the [99mTc(CO)3(PA-TZ-CHC)]? (100 lL, 3.7

9 105 Bq) was injected into the tumor-bearing mice via

the tail vein. The mice were sacrificed at 5, 30, 60, 120 and

240 min post-injection (p.i.). The organs of interest and

blood were collected, weighed and measured for radioac-

tivity. The accumulated radioactivity in the tissue of organs

was calculated in terms of percentage of injected dose per

gram organ (%ID/g). The biodistribution data and T/NT

ratios are reported as an average plus the standard varia-

tion. All biodistribution studies were carried out in com-

pliance with the national laws related to the conduct of

animal experimentation.
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Results and discussion

Synthesis

It’s necessary to derivative CHC to suitable precursor for
99mTc-labeling. In this research, deacetylcolchicine was

converted into the azide compound (2), and then the new

CHC derivative (PA-TZ-CHC) was synthesized via typical

‘‘click’’ reaction of the azide and the alkyne (Fig. 1). The

new ligand contains ‘‘N3’’ chelator group, which is a very

attractive tridentate precursor for the introduction of the

small [99mTc(CO)3]? core, with high labeling efficiency

and stable labeled complex (Fig. 2). All compounds have

been characterized by NMR and ESI–MS.

Radiosynthesis of the [99mTc(CO)3(PA-TZ-CHC)]?

[99mTc(CO)3(H2O)3]? precursor could be prepared over

95 % yield, and this precursor was used without further

purification. The ligand PA-TZ-CHC could be labeled by

[99mTc(CO)3]? very effectively. The suggested structure of

[99mTc(CO)3(PA-TZ-CHC)]? was drawn in Fig. 2 [15, 16].

The RCP of the complex, checked by thin layer chroma-

tography (TLC), was over 95 % after the preparation.

When TLC was performed on a polyamide strip developed

by dichloromethane/methanol = 1/1 (V/V), [99mTc(CO)3

(PA-TZ-CHC)]? moved to the solvent front (Rf = 0.8–1.0),

while 99mTcO2���nH2O, 99mTcO4
- and [99mTc(CO)3(H2O)3]

?

remained at the origin.

Partition coefficient (log P)

The partition coefficient (log P) of [99mTc(CO)3(PA-TZ-

CHC)]? was obtained to be -0.051 ± 0.0060, suggesting

that it was hydrophilic. The lipophilicity of the complex

was mainly because of the tricyclic skeleton, and the
99mTc-chelate contributed to the hydrophilicity.

Paper electrophoresis

The paper electrophoresis pattern of [99mTc(CO)3(PA-TZ-

CHC)]? showed that the complex moved to the point of

cathode (percentage of radioactivity: 93.1 %), suggesting

that it was a cationic complex.

Stability of the complex

The RCP of the product was nearly constant ([90 %) over the

observed period of 6 h, suggesting that the complex possessed

a great stability in the reaction mixture at room temperature.

Biodistribution studies in tumor-bearing mice

Biodistribution characteristics of [99mTc(CO)3(PA-TZ-

CHC)]? were evaluated using Kunming mice bearing H22

liver cancer xenografts. The data are summarized in

Table 1. [99mTc(CO)3(PA-TZ-CHC)]? did exhibit good

initial tumor uptake (2.46 ± 0.93 ID%/g at 5 min) while

comparatively low retention (60 min: 0.37 ± 0.17,

120 min: 0.33 ± 0.08, 240 min: 0.32 ± 0.14 ID%/g). The

complex was excreted via hepatobiliary and renal route.

The clearance from normal organs was fast, leading to low

background at 4 h p.i. (blood: 0.14 ± 0.06, heart:

0.12 ± 0.07, spleen: 0.23 ± 0.09, lung: 0.49 ± 0.12,

muscle: 0.05 ± 0.03 ID%/g). Nevertheless, the uptake in

liver and kidneys was still considerable at delayed time

point. The T/B (tumor/blood) and T/M (tumor/muscle)

ratios increased steadily during the observed period (5 min:

T/B = 0.40 ± 0.16, T/M = 2.24 ± 0.41 Versus 240 min:

T/B = 2.35 ± 0.69, T/M = 4.45 ± 0.69).

Table 1 Biodistribution study results of [99mTc(CO)3(PA-TZ-CHC)]? in tumor-bearing mice (ID%/g, x ± s, n = 6)

ID%/g 5 min 30 min 60 min 120 min 240 min

Tumor 2.46 ± 0.93 0.79 ± 0.23 0.37 ± 0.17 0.33 ± 0.08 0.32 ± 0.14

Blood 5.09 ± 2.17 0.72 ± 0.28 0.34 ± 0.09 0.24 ± 0.06 0.14 ± 0.06

Heart 2.20 ± 0.84 0.48 ± 0.09 0.41 ± 0.18 0.31 ± 0.13 0.12 ± 0.07

Liver 45.92 ± 9.88 17.20 ± 4.66 9.64 ± 3.10 4.39 ± 1.14 3.20 ± 0.65

Spleen 1.78 ± 0.66 0.62 ± 0.13 0.29 ± 0.12 0.32 ± 0.14 0.23 ± 0.09

Lung 5.70 ± 2.30 1.28 ± 0.25 1.25 ± 0.26 0.92 ± 0.29 0.49 ± 0.12

Kidneys 18.40 ± 5.01 3.48 ± 1.18 1.82 ± 0.26 1.30 ± 0.45 1.06 ± 0.35

Intestine 11.49 ± 3.49 5.54 ± 1.44 1.73 ± 0.68 1.54 ± 1.09 0.42 ± 0.13

Brain 0.31 ± 0.17 0.06 ± 0.03 0.04 ± 0.01 0.02 ± 0.00 0.01 ± 0.00

Muscle 1.04 ± 0.43 0.27 ± 0.12 0.19 ± 0.07 0.15 ± 0.09 0.05 ± 0.03

Bone 1.15 ± 0.12 0.24 ± 0.07 0.19 ± 0.05 0.19 ± 0.05 0.12 ± 0.05

Tumor/blood 0.40 ± 0.16 1.18 ± 0.50 1.09 ± 0.23 1.43 ± 0.31 2.35 ± 0.69

Tumor/muscle 2.24 ± 0.41 2.99 ± 1.03 3.19 ± 0.86 3.81 ± 0.88 4.45 ± 0.69
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Conclusions

A novel CHC derivative was successfully synthesized via

‘‘click’’ reaction. The ligand could be labeled by

[99mTc(CO)3]? core in high yield to get [99mTc(CO)3(PA-

TZ-CHC)]?, which was hydrophilic and cationic, and was

stable at room temperature. Biodistribution studies in

tumor-bearing mice showed that [99mTc(CO)3(PA-TZ-

CHC)]? accumulated in the tumor with good uptake while

comparatively low retention. Its clearance from normal

organs was fast, resulting in increasing T/B and T/M ratios.

Further modification on the linker or/and 99mTc-chelate

will be necessary to improve tumor targeting efficacy and

pharmacokinetic profile.
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