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INTRODUCTION

There are a couple of radiotracers used in
the detection of inflammation and infection
in human (1), but just a few of them have been

widely used in routine clinical trials. 111In-
labeled HIG has been extensively tested in a
large number of clinical studies. It has shown
excellent performance in the localization of
musculoskeletal infection and inflammation
(2). In addition, good results have been
reported in pulmonary infection, particularly
in immunocompromised patients (3, 4), and
abdominal inflammation (5).

The other radioelement of group IIIA,
thallium-201 (T1/2=3.04 d), has been used in
clinical nuclear cardiology and oncology for
three decades. The development of [201Tl](III)
radiopharmaceuticals could provide many
advantages due to the physical properties,
the simple chemistry of [201Tl](III)
complexation and the high complexation
constant for Tl(III)-DTPA (at 25|o|C, log K=46).
On the other hand, high specific activity Tl-
radiopharmaceuticals can be synthesized in
kit formulations and [201Tl] is available in
many parts of the developed and developing
world and it can offer alternatives for other
metallic radioisotopes including [111In] In3+.
Despite the mentioned above advantages, Tl-
201 labeled compounds are rare in the
literature (6). Recently, we have reported the
evaluation of a biologically active Tl(III)
compound, i.e. bleomycin (7). 

In continuation of our efforts to create new
Tl(III)labeled compounds we focused on the
201Tl(III)-HIgG labeling.

[201Tl](III)-DTPA-HIgG was prepared as a

BBaacckkggrroouunndd:: Radiolabeled polyclonal human
immunoglubins are useful in the detection of
inflammations. In this work a novel approach has been
presented to use thallium-201 as a complexing
nuclide for the development of radioimmuno-
conjugates. MMaatteerriiaallss  aanndd  MMeetthhooddss:: Thallium-201
(T1/2=3.04 d) in Tl+ form was converted to Tl3+ cation
in presence of O3 in 6M HCl, controlled by RTLC/gel
electrophoresis methods and used in the labeling of
human polyclonal antibody (HIgG) after residulation
with freshly prepared cyclic DTPA-dianhydride. The
best results of the conjugation were obtained by the
addition of 1 ml of a HIgG pharmaceutical solution (5
mg/ml, in phosphate buffer, pH=7) to a glass tube,
which was pre-coated with DTPA-dianhydride (0.01
mg) at 25|o|C with continuous mild stirring for 30 min.
RReessuullttss:: The final isotonic [201Tl](III)-DTPA-HIgG
complex was checked by radio-TLC using several
solvent systems to ensure the formation of only one
species, and it was followed by filtration through a
0.22 µm filter (specific activity= 33.7 TBq/mM,
radiochemical purity | | | |> | | |95%). Preliminary 
bio-distribution studies in normal and inflammation-
bearing rats were performed. The target/skin and
target/blood ratios were 4 and 6 after 28h,
respectively, showing the selectivity of the
radiopharmaceutical for the inflammatory lesions.
CCoonncclluussiioonn:: The incorporation of Tl(III) cation into a
immunoconjugate was performed using the known
methods. The biodistribution of the immunocomplex
was shown to be consistent with a stable complex for
the detection of inflammations. Significant
inflammation detection was observed for the final
complex in rats with turpentine oil-induced
inflammation. Iran. J. Radiat. Res., 2006; 4 (3): 105-114
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model of Tl-chelated immunoconjugate for
biodistribution studies in normal and
inflammation-induced rats based on our
recent experiences with radiometal-labeled
antibodies (8). A precise labeling strategy was
employed using freshly-prepared DTPA cyclic
dianhydride, with various HIgG
concentrations. Finally, an optimized
radiolabeling method for developing a highly
reactive DTPA-conjugated HIgG kit for
possible inflammation studies was
introduced.

MATERIALS AND METHODS

Production of 201Tl was performed in
Nuclear Research Center for Agriculture and
Medicine (NRCAM) using a 30 MeV cyclotron
(Cyclone-30, IBA) based on the routine
production of thallous chloride for country
use. 203Tl2O3 with an enrichment of more
than 95% was supplied by the Kurchatov
Institute (Russia). All chemicals were
purchased from the Aldrich (Germany). Thin
layer chromatography (TLC) was performed
on polymer-backed silica gel (F 1500/LS 254,
20|¤|20 cm, TLC Ready Foil, Schleicher &
Schuell|®|Germany). Normal saline used for
labeling was of high purity and had been
filtered through 0.22 µ| Cativex filters. The
distribution of radioactivity along the RTLC
chromatograms was performed by counting
5-mm portions of the strip using an in-house
made radiochromatogram scanner, equipped
with a CanberraTM high purity germanium
(HPGe) detector (model GC1020-7500SL), or
counting each 5mm-strip after cutting it into
pieces in a CRC Capintech Radiometer (NJ,
USA). Radionuclidic purity was checked with
the same detector. All calculations and RTLC
countings were based on the 167 keV peak.
O3 was produced by medicinal oxygen (Air
Liquide, Belgium) using a conventional O3
generator at a flow rate of 1 liter per minute.
The oxidation of 201Tl3+ was checked by
cellulose acetate paper electrophoresis
(Gellman) in 0.05N EDTA at 200V for 10 min.
Animal studies were performed in accordance
with the United Kingdom Biological Council's

Guidelines on the Use of Living Animals in
Scientific Investigations, 2nd ed. AUC/gr%
(AUC: area under the curve of 167 keV
photopeak) was considered as a instructive
method of injected dose percentage per gram
of the organs to be used for organ dose
calculations.

Conversion of thallium-201 to [201Tl] TlCl3
form

Thallous chloride solution (0.5 ml, 4 mCi)
was treated with a mixture of di-isopropyl
ether, hydrogen peroxide, (20%, 0.5 ml) and
6M HCl (1 ml) while ozone gas bubbled
through the solution for 30 min. The organic
layer was separated, and the conversion of
Tl+ to Tl3+ cation was checked either by RTLC
using 2 solvent systems (system A: 10%
ammonium acetate:MeOH: 1:1, system B:
acetone), or gel electrophoresis using
Gellman papers. The organic layer was
evaporated to dryness under a flow of N2 at
30|o|C for labeling use.

Preparation of fresh cyclic DTPA dianhydride
for radiolabeling

Cyclic DTPA dianhydride was prepared
according to the methods previously given in
the literature with slight modifications(9).
Briefly, DTPA in acidic form (0.1 mol) was
heated with a 4-fold molar excess of acetic
anhydride (0.4 mole), dissolved in 50 ml of
pyridine and heated at 65|o|C for 24 h. The
resulting anhydride was insoluble in pyridine
and was collected by filtration, purified by
repeated washing with acetic anhydride, and
finally with anhydrous ether. Drying in an
oven at 50-60oC had removed the last traces
of solvent. The melting point was 178-180oC.
1H NMR and IR spectra were consistent with
the spectra reported in the literature (9).

Conjugation of cyclic DTPA di-anhydride with
the HIgG

The chelator diethylenetriamine penta-
acetic acid dianhydride prepared above was
conjugated to the antibody using a small
modification of the well-known cyclic
anhydride method (10). Conjugation was
performed at a 1: 1 molar ratio. In brief, 20 µl
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of a 1 mg ml-1 suspension of DTPA anhydride
in dry chloroform (Merck, Darmstadt,
Germany) was pipetted under
ultrasonication and transferred to a glass
tube. The chloroform was evaporated under a
gentle stream of nitrogen. Commercially
available HIgG (5 mg, 0.5 ml, pH=8) was
subsequently added and gently mixed at
room temperature for 60 min. Conjugation
mixture was then passed through a Sephadex
G-50 column (2|¤|15 cm, 2 gr in 50 ml of Milli-
Q® water) separately and one-milliliter
fractions were collected and checked for the
presence of protein using UV absorbance at
280 nm or visible folin-phenol colorimetric
assay. The fractions containing the highest
concentration of the immunoconjugate was
chosen and kept at 4|o|C and for radiolabeling.

Radiolabeling of the antibody conjugate
with 201Tl(III)

The antibody conjugate was labeled using
an optimization protocol according to
literature (11). Typically, 37-40 MBq of
evaporated 201Tl(III) activity (prepared
above) was added to a conical vial and the
vial was purged under a flow of nitrogen.
Conjugated fraction was added to the Tl3+

containing vial in 1 ml of phosphate buffer
(0.1 M, pH=8), and mixed gently for 30
second. The resulting solution was incubated
at room temperature for 30 minutes.
Following incubation, the radiolabeled
antibody conjugate was purified from free
201Tl by gel filtration on a Sephadex G-50
column (15-20 ml bed volume), and eluted
with PBS. The latter gel purification step was
finally omitted by optimizing the ratio of the
radioactivity having been used, and
conjugated antibody. Fractions (1 ml) were
collected, and the radioactivity of each
fraction was measured by a recently
calibrated radioisotope dose calibrator (CRC-
7, Capintec Instruments, Ramsey, NJ). The
protein presence in each fraction was
determined, using a fast protein assay
method by mixing freshly prepared Folin-
Colciteau® reagent, and 10 |µ|l of the eluted
fractions. The fractions containing the
proteins with the maximum radioactivity

were combined and tested for purity by ITLC
using a radio TLC scanner. Control labeling
experiments were also performed using
201TlCl3, and DTPA with 201TlCl3. Both
reaction mixtures were passed through
separate gel filtration columns and eluted
with PBS. Usually the fraction number 5-7
showed the presence of protein, which
fraction 6 was used in the other experiments
(n=3).

Quality control of 201Tl(III)-DTPA-HIgG
a.  Thin  layer  chromatography;  System  I: A 5 |µ|l

sample of the final fraction was spotted on a
silica gel paper, and it was developed in a
mixture of 10% ammonium acetate:methanol
(3:1) as the mobile phase, in order to observe
the Rfs of free 201Tl3+, and 201Tl-DTPA while
radiolabeled protein stays at the bottom (12). 

System  II: Another applied system was used
performed on silica-impregnated glass fibre
sheets. From the final product, 5 µl was
applied to the ITLC strip which was
developed with 0.9% NaCl for 5 min.
Radioactivity was determined by a
chromatography scanner equipped with an
HPGe crystal. [201Tl](III)-DTPA moved to the
front, and the 201Tl-labelled antibody
remained at the starting position (13). 

System  III: The next system was performed
on silica-impregnated glass fiber sheets.
From the final product, 5 µl was applied to
the ITLC strip that was developed with a
mixture of pyridine:ethanol:water (1:2:4) for
5 min. Radioactivity was determined by a
chromatography scanner equipped with an
HPGe crystal. 201Tl-DTPA moved to the front,
the 201Tl-labelled antibody remained at the
starting position (14). Some other solvent
systems were also used as shown in table 1.

b.  Paper  chromatography: Paper chromatogr-
aphy [Whatman No. 1 (Whatman, Maidstone,
UK), methanol/water (55:45)] of the eluate
showed that >94% of the activity remained at
the origin corresponding to the [201Tl](III)-
DTPA-HIgG. The labeling yield was 45±5%
(n=5), and a specific activity of 300-500 MBq
per 1 mg DTPA-conjugate was obtained (15).

c.  Radiolabeled  Antibody  integration:  Gel
electrophoresis was performed in order to
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evaluate possible radiolysis/chemolysis of
HIgG in the course of reaction and
purification. The samples of rainbow protein
ladder standard, pure unlabeled HIgG, and
201Tl-DTPA-conjugate were loaded over a 16%
bis-acrylamide/acrylamide gel and it was
followed by running at the constant voltage of
285V for 40 min. The current was then
disconnected, and the gels were stained in
bromphenol blue staining mixture for 3
hours, followed by de-staining by MeOH, and
acetic acid mixture. In case of dilute protein
samples, silver staining of the gel was
employed (16).

Maximum capacity of the radiolabeling
Ten microlitres of DTPA-conjugated

samples of HIgG (1-3 mg) were incubated with
1, 2, 4 and 8 MBq of Tl(III)3+ at room
temperature for 1 hour. The radiochemical
purity of the final sample was then checked by
RTLC using 10% ammonium acetate:
methanol (1:1) as the eluent, as well as other
solvent systems. The radiochemical purity
over 95% was accepted as a
radiopharmaceutical product, and the specific
activity of the final radioimmunoconjugate
was calculated using the latter sample.

Stability testing of the radiolabeled
compound

Stability of [201Tl](III)-DTPA-HIgG in PBS
was determined by storing the final solution
at 4°C for 14 days and performing frequent
ITLC analysis to determine radiochemical
purity. Frequent ITLC analysis was
performed. Furthermore, the stability of the
conjugated DTPA-HIgG, stored at -20°C for
more than 1 month was investigated. ITLC
analysis of the conjugated product was
performed to monitor for degradation
products or other impurities. After
subsequent 201Tl-labelling of the stored
conjugated product, both labeling efficiency
and radiochemical purity were determined.

Stability testing of the radiolabeled
compound in presence of serum

For studies of radiolabel stability in serum,
radiolabel stability was assessed by gel

filtration on a Sepharose column (1×30 cm).
The column was equilibrated with PBS and
eluted at a flow rate of 0.5 mL/min at room
temperature; 0.5 mL fractions were collected.

Biodistribution of [201Tl](III)-DTPA-HIgG in
normal rats

To determine its biodistribution,
[201Tl](III)-DTPA-HIgG was administered to
normal rats. A volume (25-50 |µ|l) of final
[201Tl](III)-DTPA-HIgG solution, containing
1.5 MBq radioactivity, was injected
intravenously to rats through their tail vein.
The animals were sacrificed at the exact time
intervals (2, 4, 24 and 28 h). The specific
activity of different organs was calculated as
the percentage of the injected dose per gram
in tissues, using HPGe detector equipped
with a sample holder device.

Induction of inflammation in normal rats
Inflammation-bearing rats: turpentine oil

(40 µl) was injected subcutaneously (SC) to
the dorsal area of 5 groups of rats weighing
150-175 grams. After 7 days sample animals
were ready for biodistribution studies with
subcutaneously of inflammatory tissues
(0.7|¡|0.05 g). 

Biodistribution of 111In-DTPA-HIgG to
inflammatory-lesion bearing rats

The distribution of [201Tl]-DTPA-HIgG
among tissues was determined for untreated
rats, and for the rats with inflammatory
lesions. A volume of final [201Tl]-DTPA-HIgG
solution (0.1 ml) containing an activity of 1.5
MBq (|£|15 |µg in 100 µL) was injected to the
animals via their dorsal tail vein. The total
amount of radioactivity injected into each rat
was measured by counting the 1-ml syringe
before and after the injection in a dose
calibrator with fixed geometry. The animals
were sacrificed by ether anesthesia at
selected times after the injection (24, 48, 72,
144 h), the tissues (blood, heart, lung, spleen,
intestine, foeces, skin, bladder, kidneys, liver,
muscle and bone) were weighed and rinsed
with normal saline, and their specific
activities were determined with a HPGe
detector equipped with a sample holder
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device as percentage of injected dose per
gram of tissues.

RESULTS

Since the complexes of DTPA with many
metals with a valence of III are stable, the
idea was to prepare Tl3+ cation in high
chemical purity followed by complexation. It
has been recently shown that Tl3+ ion is a
highly toxic cation, but when complexation
happens the toxicity decreases drastically (17).
The toxicity is possibly due to glutathione
metabolism impairs (18), or major alterations
in the rheology of the bi-layer, which could be
partially responsible for the neurotoxic
effects of this metal (19). But, all the above
features occur when Tl is present at nano
molar amounts, and the specific activity of
201Tl is far below toxicity values.

[201Tl] Tl3+ production
The conversion of the Tl+ to Tl3+ using

oxidizing agent, O3, was performed in
presence of hydrogen peroxide. The residue
was re-dissolved in normal saline, and the
results were checked. In RTLC two solvent
systems were used as eluents. System A
consisted 10% ammonium acetate: MeOH
(1:1), while system B contained pure acetone.

In the mentioned system, more polar Tl3+

stayed at the origin (Rf=0.0), while less polar
Tl+ were showing a high Rf (about 0.7). In the
second system, i.e. pure acetone, Rf=0.1 for
Tl3+, and Rf=0.9 for Tl+ were observed. In
paper electrophoresis 5 |µ|l of the final sample
was transferred on the paper, and the
migration of the Tl-EDTA- to the cathode was
compared with that of Tl+ migrating to anode.
The method showed a conversion of >99% for

Tl+/Tl3+.

Preparation and structure confirmation of
DTPA cyclic di-anhydride

In order to prepare the bi-functional
ligand, DTPA cyclic di-anhydride, which was
not cost effective, we tried the general
procedure for its preparation. The reaction
was performed in pyridine containing DTPA
acid form acetic anhydride. The filtered mass
was washed with cold acetic anhydride to
remove the residues of the reactant. The solid
was dried in oven for a couple of hours and
finally it was re-crystallized to get a high
purity product, suitable for spectroscopic and
radiolabeling steps (figure 1). Washing/drying
steps were very important, because more
repetition of these steps afforded high-purity
product with rather long shelf-life. Such
samples can be stored at room temperature
under a blanket of N2 for up to one year.

Conjugation of HIgG with DTPA cyclic di-
anhydride and radiolabeling of HIgG with
201Tl

Tl(I) is stable in aqueous media, but Tl(III)
is reactive and can be hydrolysed in alkaline
or neutral solutions and reduced by common
reducing agents. It can, however, be
stabilised by complexation. Thus, if the
complexation of the DTPA-moiety with Tl(III)
was fast enough, no detectable Tl(I) cation
would be observed in the final sample. In
many studies, using DTPA as a chelating
reagent, hydrolysis and reduction of Tl(III) in
the aqueous media were prevented, and the
stabilized species in aqueous solution was
used for the Tl detection (20). Tl(III) forms a
very stable complex, [Tl(DTPA)]2-, with DTPA
with stability constant of logK = 46 (21). A
Tl(I)-DTPA complex can never be formed.

Figure  1.  Schematic diagram of the synthesis of DTPA cyclic di-anhydride.
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The labeling yield of [201Tl](III)-DTPA-
HIgG has been studied in a wide range of
antibody/DTPA ratios in order to optimize the
process, and to improve [201Tl](III)-DTPA-
HIgG performance in vitro. The overall
radiolabeling efficiency has been over 77%
and the specific activity has been kept in the
range of 37TBq/mM. 

The conjugated [201Tl](III)-DTPA-HIgG
fractions, containing the maximum protein
content, were mixed with 201Tl-TlCl3 solution,
vortexed and kept at room temperature.
Small fractions were taken from the mixture,
and tested by RTLC to find the best time
scale for labeling. After an hour, free
201Tl/conjugated 201Tl ratio in the labeled
sample remained unchanged. The mixture
was then passed through another Sephadex
G-50 gel filtration column in order to remove
trace amounts of unbound 201Tl cation.

The eluted fractions were checked by Folin-
Colciteau® reagent, and for presence of
radioactivity in order to determine the
[201Tl](III)-DTPA-HIgG containing fractions.
Fraction number 6 was chosen as the suitable
final product with appropriate specific
activity for animal tests. 

Instant thin layer chromatography, using
various mobile and stationary phases, was
performed in order to ensure the existence of
the desired radiolabeled antibody only. Five
different solvent systems and two stationary
phases were applied. In all RTLC tests
radiolabeled antibody stayed in the origin,
while other species migrated to other Rfs
depending on the mobile phase used. The Rfs
of the possible occurring chemical species in
chromatography of the reaction steps are
summarized in the table 1.

Chemical  species Mobile  phase Stationary  phase Rff

210Tl-DTPA-HIgG 10% Ammonium
acetate:methanol (1:1) Silicagel 0.3

201Tl3+ // // 0.2
201Tl-DTPA // // 0.7
201Tl-DTPA-HIgG 0.9% sodium chloride solution // 0.2
201Tl3+ // // 0.0
201Tl-DTPA // // 0.5
201Tl-DTPA-HIgG pyridine:ethanol:water (1:2:4) // 0.0
201Tl3+ // // 0.1
201Tl-DTPA // // 0.7

201Tl-DTPA-HIgG Water:methanol (45:55) Paper chromatography
Whatman No. 1. 0.2

201Tl3+ // // 0.1
201Tl-DTPA // // 0.8
201Tl-DTPA-HIgG 1 mM DTPA // 0.4
201Tl3+ // // 0.9
201Tl-DTPA // // 0.6
201Tl-DTPA-HIgG // Silicagel 0.0
201Tl3+ // // 0.0
201Tl-DTPA // // 0.8

Table  1.  Chromatography results for the quality control of Tl-DTPA-HIgG (n=5).
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Maximum capacity of the radiolabeling
In order to obtain the highest possible

specific activity the equal amounts of the
conjugated protein solution were labeled
using various amounts of Tl3+ activity. The
minimum acceptable radiochemical purity
was considered to be 95%. Figure 2 shows the
radiochemical purity of the radiolabeling
reaction with increasing radioactivity. The
best specific activity was calculated, using
the sample with a radiochemical purity of
>95%. Thus, the best acceptable radiochem-
ical purity (95%) was obtained using 12 MBq
of 201Tl(III) and 0.05 mg of IgG.

Stability of Radiolabeled Protein in Vitro
The stability of the radiolabeled protein in

vitro was determined after challenge with
phosphate-buffered saline and serum. ITLC
analysis showed that the proteins retained

the radiolabel over a period of several hours,
indicating that the Tl-protein chelate was of
high affinity. These results were confirmed by
gel filtration chromatography. After
incubation of [201Tl](III)-DTPA-HIgG with
PBS for 24 h, almost all the eluted
radioactivity was in the same position as
[201Tl](III)-DTPA-HIgG; there was no
evidence for large-scale release of free Tl.
Similarly, gel filtration chromatography of
[201Tl](III)-DTPA-HIgG after a 24 h
incubation with human serum showed that
the radioactivity had still been eluted in the
same position.

Thus, there was no evidence for either
degradation or transchelation of 201Tl to other
serum proteins over a time period, consistent
with the normal blood clearance time of
HIgG.

Biodistribution studies in normal rats
The distribution of [201Tl](III)-DTPA-HIgG

among tissues were determined for untreated
rats and for rats with inflammatory lesions
(figure3). A volume (0.05 ml) of final
[201Tl](III)-DTPA-HIgG solution containing
4.4-5.2 MBq radioactivity (|£|6 |µ|g IgG in 100
µL) was injected into the dorsal tail vein. The
total amount of radioactivity injected into
each mouse was measured by counting the 1-
ml syringe before and after injection in a
curiemeter with a fixed geometry. The
animals were sacrificed by ether
asyxphycation at selected times after
injection (2, 4, 24 and 28 h), the tissues

Figure  2.  Radiochemical purity of [201Tl](III)-DTPA-HIgG as a
function of radioactivity for radiolabeling of 0.05 mg of IgG (n=5).

Figure  3.  The size and shape of inflammatory lesions in the animal and after dissection.
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(blood, heart, spleen, kidneys, liver, intestine,
stomach, lung, skin) and foeces were
weighed, and their specific activities were
determined with a HPGe detector as a
percent of the area under the curve of 167
keV peak per gram of tissues. (figures 4-7).

In the first couple of hours, the blood
radioactivity was detectable, but after 2h
almost no detectable counts were observed in
the samples, showing the tissue uptake of the
labeled antibody, and low/or no free metal
release in the circulation. Liver uptake was
significant (15%) in the first few hours, while
it decreased after 4h and remained almost
constant up to 28 hours. Stool radioactive
content was increased after 28 h which could

have been to GI disposal of the activity into
intestine.

Biodistribution studies in inflammation-
bearing mice

As it can be concluded from figure 7, after
28 hours the maximum activity has been
present in kidney which was possibly due to
excretion of 201Tl after complex dissociation in
liver and a rather nice accumulation of
radioimmunoconjugate in the inflamed
tissue. Lower accumulations have been
observed in the gastrointestinal system due
to entro-hepatic excretion. 

From this data, it is understandable that
24-30 hour range is a rather suitable time for

Figure  4.  Bio-distribution of [201Tl](III)-DTPA-HIgG in normal rats 2 (A) and 4 h (B) post-injection, (AUC: area under the 
curve of 167 keV peak) (n=5).

Figure  5.  Bio-distribution of [201Tl](III)-DTPA-HIgG in normal rats 20 (A) and 24 h (B) post-injection, (AUC: area under the 
curve of 167 keV peak) (n=5).
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future SPECT studies in vivo due to better
target accumulation. At this time range,
possible abdominal inflammations can not be
diagnosed due to significant gastrointestinal
activity. The use of inflammation inducers in
the limbs, for example, can overcome the
interaction of the real inflammation data
with the GI artifacts.

DISCUSSION

[201Tl](III)-DTPA-HIgG had a significant
accumulation in the turpentine-induced rats
after 28 h. A significant inflammation lesion
uptake was observed 28 hours after

administration of the tracer. However, the
201Tl abundance (9%) in the inflamed tissue,
was much lower than the other reported
radiolabeled immunoglubins, such as 111In
(90%) (4) and 99mTc (89%) (22). The higher
kidney uptake of the tracer was a result of
the instability of the conjugate in serum
and/or release of non-specifically binded
Tl(III) from HIgG. According to these results,
201Tl can not be a competitor for other
radiolabeled immunoglubins. Due to the
extensive excretion of radioactivity from
urine a complementary RTLC study on the
urine sample can be helpful to figure out the
nature of the excreted compound (201Tl(III) or
201Tl(III)-DTPA). A future 201Tl(III)-DTPA

Figure  6.  Bio-distribution of [201Tl](III)-DTPA-HIgG in normal rats 28h post-injection, (AUC: area under the 
curve of 167 keV peak) (n=5).

Figure  7.  Bio-distribution of [201Tl](III)-DTPA-HIgG in inflammated rats 28h post-injection 7 days after pretreatment with 
turpentine-oil injection, (AUC: area under the curve of 167 keV peak)
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biodistribution study can be instructive to
compare the data.

In conclusion, total labeling and
formulation of [201Tl](III)-DTPA-HIgG took
about 60 minutes, with a yield of 99%. A
suitable specific activity product was formed
via insertion of 201Tl cation. No unlabelled
and/or labeled conjugates were observed
upon RTLC analysis of the final
preparations. A significant inflammation
lesion uptake was observed 28 hours after
administration of the tracer. The use of
thallium-201 labeled compounds in nuclear
medicine can be an interesting option in the
future.

ACKNOWLEDGMENT

Authors wish to thank Ms S. Moradkhani and
Mr S. Daneshvari for conducting animal studies.

REFERENCES

1. Jalilian AR, Bineshmarvasti M, Sardari S (2006)
Application of radioisotopes in Inflammation. Curr Med
Chem, 13: 959-965.

2. Nijhof MW, Oyen WJ, van Kampen A, Claessens RA, van
der Meer JW, Corstens FH (1997) Evaluation of infections
of the locomotor system with indium-111-labeled human
IgG scintigraphy. J Nucl Med, 38: 1300-1305.

3. Buscombe JR, Oyen WJ, Grant A, Claessens RA, van der
Meer J, Corstens FH, Ell PJ, Miller RF (1993) Indium-111-
labeled polyclonal human immunoglobulin: identifying
focal infection in patients positive for human
immunodeficiency virus. J Nucl Med, 34: 1621-1625.

4. Oyen WJ, Claessens RA, Raemaekers JM, de Pauw BE,
van der Meer JW, Corstens FH (1992) Diagnosing
infection in febrile granulocytopenic patients with indium-
111-labeled human immunoglobulin. G J Clin Oncol, 10:
61-68.

5. Mairal L, De Lima PA, Martin-Comin J, Baliellas C, Xiol X,
Roca M, Ricart Y, Ramos M (1995) Simultaneous
administration of 111In-human immunoglobulin and
99mTc-HMPAO labelled leucocytes in inflammatory bowel
disease. Eur J Nucl Med, 22: 664-670.

6. Chavatte K, Mertens J, Van Den Winkel P (2000) Method
for effective 201T1(III) labeling of diethylenetriamine
pentaacetic acid (DPTA)-functionalized peptides:
radiosynthesis of 201T1(III) DPTA-neurotensin (8-13). J
Labelled Compd & Radiopharm, 43: 1227-1234.

7. Jalilian AR, Akhlaghi M, Aboudzadeh R, Shirazi B, Raisali
G, Salouti M, Babaii M (2006) [201Tl](III)-Bleomycin for

tumor imaging. Radiochimica Acta, 94: 453-459.
8. Jalilian AR, Rowshanfarzad P, Shafaii K, Kamali-Dehghan

M, Moafian J, Akhlaghi M, Babaii M, Rajabifar S, Mirzaii
M (2005) Development of 111In-DTPA-Human Polyclonal
Antibody Complex for Long-term Inflammation/Infection
Detection. Nukleonika, 50: 91-96.

9. Eckelman WC, Karesh SM, Reba RC (1975) New
compounds: fatty acid and long chain hydrocarbon
derivatives containing a strong chelating agent. J Pharm
Sci, 64: 704-706.

10. Hnatowich DJ, Layne WW, Childs RL, Lanteigne D, Davis
MA, Griffin TW, Doherty PW (1983) Radioactive labeling
of antibody: a simple and efficient method. Science, 220:
613-619.

11. Kurihara A, Deguchi Y, Pardridge WM (1999) Epidermal
growth factor radiopharmaceuticals: 111In chelation,
conjugation to a blood-brain barrier delivery vector via a
biotin-polyethylene linker, pharmacokinetics, and in vivo
imaging of experimental brain tumors. Bioconjug Chem,
10: 502-511.

12. Banerjee S, Das T, Chakraborty S, Samuel G, Korde A,
Srivastava S, Venkatesha M, Pillai MRA (2004) 177Lu-
DOTA-lanreotide: A novel tracer as a targeted agent for
tumor therapy. Nucl Med Biol, 31: 753-759.

13. McDevitt MR, Ma D, Simon J, Frank K, Scheinberg DA
(2002) Design and synthesis of 225Ac radioimmunoph-
armaceuticals. Applied Radiat Isotopes, 57: 841-847.

14. Pandey U, Mukherjee A,  Sarma HD, Das T,  Pillai MRA,
Venkatesha M (2002) Evaluation of 90Y-DTPA and 90Y-
DOTA for potential application in intra-vascular
radionuclide therapy. Applied Radiat Isotopes, 57: 313-
318.

15. Hofmann M, Maecke H, Borner AR, Weckesser E,
Schoffski P, Oei ML, Schumacher J, Henze M, Heppeler A,
Meyer GJ, Knapp WH (2001) Biokinetics and imaging
with the somatostatin receptor PET radioligand 68Ga-
DOTATOC: preliminary data. Eur J Nucl Med, 28: 1751-
1757.

16. Laemmli UK (1970) Cleavage of structural proteins
during assembly of the head of the bacteriophage T4.
Nature, 227: 680-985.

17. Lan CH, Lin TS (2005) Acute toxicity of trivalent thallium
compounds to Daphnia magna. Ecotoxicol. Environ Saf,
61: 432-435.

18. Hanzel CE, Villaverde MS, Verstraeten SV (2005)
Glutathione metabolism is impaired in vitro by
thallium(III) hydroxide. Toxicology, 207: 501-510.

19. Villaverde MS, Verstraeten SV (2003) Effects of
thallium(I) and thallium(III) on liposome membrane
physical properties. Arch Biochem Biophys, 417: 235-
243.

20. Coetzee PP, Fischer JL, Hu M (2003) Simultaneous
separation and determination of Tl(I) and Tl(III) by IC-ICP-
OES and IC-ICP-MS, Water SA 29: 17-22.

21. InczedYJ (1976) Analytical Applications of Complex
Equilibria. UK.

22. Tsopelas C, Penglis S, Ruskiewicz A, Bartholomeusz DL
(2006) Scintigraphic imaging of experimental colitis with
technetium-99m-infliximab in the rat. Hell J Nucl Med, 9:
85-88.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

23
-0

5-
22

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ijrr.com/article-1-250-en.html
http://www.tcpdf.org

