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Abstract The possibility of 68Ga-dextran complex formation was analyzed in an HEPES-buffered (pH = 4.5) as well
as in an alkaline (pH = 9) solution. The result outlined that
the alkaline solution was more efficient to achieve a radiolabeling efficiency of 99% for a 5 mg ml-1 dextran solution
(10 min, 90 °C). 68Ga-dextran was stable 88, 71 and 86%
after 2 h at storage and toward cysteine solution and human
serum, respectively. The highest ROI derived %ID g-1 was
found within the lungs, followed by the blood, liver, and
bladder. Furthermore, a significant uptake was observed in
the cartilage tissue. 68Ga-dextran excreted more by the urinary and less by the biliary pathways.
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Introduction
Today, the availability of PET imaging systems around the
world is dramatically increasing. PET represents more
advantages over SPECT; such as high resolution and
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accuracy, short-time imaging protocols and lower radiation
exposure to patients [1–3]. These advantages led to a major
shift from SPECT to PET in several diagnosis protocols by
the use of new PET tracers instead of the SPECT ones
[4, 5]. This transition has offered new opportunities for
researchers to focus on the production of new PET tracers.
The radionuclide angiography is a technique to assess
regional blood volume using radioactive blood pool probes.
The 99mTc-labeled red blood cells (99mTc-RBC) is a conventional radioactive probe for radionuclide angiography. However, Due to all associated risks on the blood handling, 99mTcHSA, 99mTc-dextran [6] and 67Ga-hyperbranched polyglycerols (67Ga-HBGN) [7] were used as substitutes of 99mTc-RBC.
To benefit from the advantages of PET, several positron
emitter blood-pool tracers, such as [15O]CO–, [11C]CO–
labeled RBC, 62Cu–, 18F–, 68Ga-HSA, and 68Ga-HBGN have
been introduced [7–11]. However, every tracer has limitations
on its application. The use of radiolabeled RBC is limited due
to blood handling problems and short half-lives of C-11 and
O-15 radioisotopes (20.4 min for C-11 and 2.05 min for
O-15) [8]. The use of 62Cu-HSA is also limited because of the
short half-life of Zn-62(9.2 h), the source of Cu-62 radioisotope in the 62Zn/62Cu generator [9, 10]. Fluorine-18 radiolabeling of HSA requires a pre-radiolabeled activated esters or
aldehydes to be conjugated to the amine groups of HSA,
where the whole process takes a long time [11]. Eventually, to
prepare 68Ga- HSA and 68Ga-HBGN, the desired molecules
must be conjugated to the suitable chelator in the first step
[7, 8]. In the case of SPECT blood-pool radiotracers, 99mTcdextran was preferred over 99mTc-HSA, due to its complete
conformity of requirements such as straightforward and
inexpensive labeling method, stability and remaining in the
vascular space and providing minimal risk to the patient [6].
Although, dextran has been modified and be used to prepare radioligands such as 188Re-cysteine dextran [12] for
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radiotherapy, 99mTc-mannosylated cysteine dextran [13],
99m
Tc-DTPA-Mannosyl-dextran [14, 15] and 99mTc-MAG3mannosyl-dextran [16] for SPECT. However, several metal
dextran complexes were successfully prepared by the direct
interaction between dextran and metal ions such as Cu(II),
Zn(II), Co(II), Mn(II), Ni(II), Ca(II), Fe(III), Tb(III) and
Al(III) in neutral or alkaline solutions. The maximum metal
ions interaction with dextran has been reported to be
dependent on the pH and was at pH = 6–8 for Cd(II), Pb(II),
Ca(II), Tb(III), Fe(III) and Al(III) and was at pH = 10–12
for Mn(II), Zn (II), Cu (II), Co(II) and Ni(II) [17–19]. The
suitable pH for dextran complex formation depends on nature of metal ions. So that, by increasing the pH from neutral
to alkaline, precipitation of some metal hydroxide complex,
such as Tb(OH)3, Al(OH)3, Pb(OH)2, strongly competes
with dextran complex formation.
68
Gallium (68Ga) is a generator-produced PET radionuclide
which decays with a half-life of 67.83 min to the
stable daughter isotope 68Zn. The radioactive decay is
accompanied by the positron annihilation results in two
511 keV gamma photons emitted in opposite directions suitable for positron emission tomography [20]. The availability of
an approved pharmaceutical grade 68Ge/68Ga generator allows
hospitals economical and routinely access to a PET isotope
without expensive cyclotron facilities. For this reason, the
number of publications dedicated to 68Ga has increased drastically in the basic and clinical research during recent years
[21–24].
Since, Ga(III) has a similar coordination chemistry of
Fe(III), Tb(III) and Al(III) [25]. The simple and inexpensive
preparation of chelator-free 68Ga-dextran complex was the goal
of this work. Furthermore, dextran has been used to prepare low
toxic and water soluble dextran coated metal oxides nanoparticles [25–27]. The successful chelator-free radiolabeling of
dextran could be a basis for chelator-free radiolabeling of
dextran coated metal oxides nanoparticles for PET-MRI dual
modality imaging. To prepare a high-yield 68Ga-dextran
complex, the effects of pH, temperature and reaction time on
complex formation efficiency were investigated. The stability
of prepared 68Ga-dextran was evaluated in the storage solution
as well as toward cysteine and serum solution. The radiocomplex was injected into the tail vein of healthy male rats, and
the biodistribution was assessed by tissue sampling and ROI
analysis.

Experimental
Materials and methods
Dextran (MW = 35–45 kDa) was purchased from Sigma.
The 68Ge/68Ga generator (20 mCi/elution) was a gift from
Pars Isotope Co. Karaj, Iran. The 68Ge/68Ga generator was
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eluted with 0.6 mol L-1 HCl solution to obtain an acidic
solution of 68GaCl3. All other chemicals were obtained
from Merck. A digital hot-pot heater (Turkey) was used to
heat vials at the defined temperature. A miniGita radioTLC scanner equipped with Gina-star software, Raytest,
Germany was used to plot TLC radiochromatograms.
68

Ge/68Ga generator performance and quality
control

68

Ge/68Ga generator was eluted with 0.6 mol L-1 HCl
solution, and 0.5 ml fractions were collected. The fractions
2–4, which had the highest radioactivities, were transferred
to a 10 ml borosilicate pyrogen-free vial and checked for
radiochemical purity according to the method, has been
reported previously [28].

Radiolabeling of dextran
Two methods were applied for the direct radiolabeling of
dextran; the first, radiolabeling in an acidic solution of
68
GaCl3 and the second, radiolabeling in an alkaline solution.
For the first method, briefly, 550 MBq of 68GaCl3 solution
was transferred to a 10 ml borosilicate pyrogen-free vial and
then 400 mg of HEPES was added to adjust the pH to 4.5.
Subsequently, 0.5 ml of 5, 10, 20 and 40 mg ml-1 of dextran
solutions were added to 68Ga solutions, and the mixtures
were kept at room temperature or were heated at 90 °C. The
radiolabeling efficiencies were assessed by chromatography
on TLC-SG, Merck, 105554 and, 10 mmol L-1 DTPA
(pH = 5.5) solution as developing solution during the radiolabeling time. In this system, 68Ga(OH)3 colloids, 68Ga(III)
(as DTPA complex) and labeled dextran have Rf values of
0.0, 0.8 and 0.4, respectively.
The latter, due to the similarity of the solution and
coordination chemistries of Ga(III) ions to Fe(III) ions
[29], the previously reported method for preparation of Fedextran complex was simulated to prepare 68Ga-dextran
complex in an alkaline solution [18] with a minor modification. Briefly, a series of dextran solutions of 5, 10, 20 and
40 mg ml-1 concentration was prepared and heated at
90 °C for 1 h with continuous agitation. In the following,
5 mol L-1 NaOH was added to the solutions to adjust the
pH to 9 and then were heated for 10 min to accelerate deprotonation of dextran hydroxyl groups. Subsequently,
0.5 ml fractions of dextran alkaline solutions were added to
68
Ga solutions followed by the addition of 5 mol L-1
NaOH solution to adjust the pH to 9. The mixtures were
kept at room temperature or heated at 90 °C, and the
radiolabeling efficiencies were checked as described above
(Fig. 1 in supplementary information). Finally, the pH was
adjusted to 7 for subsequent stability assays and biodistribution studies.
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Stability studies in storage solution and toward
cysteine and human blood serum
The stability of the 68Ga-dextran complex was assayed in
the storage solution and toward cysteine and human blood
serum. The complex solution (pH = 7) was kept at room
temperature, and the radiochemical purity was checked in
the interval up to 2 h likewise the method was described
above.
A cysteine solution (10 mg ml-1) was freshly prepared
in 100 mmol L-1 phosphate buffer. To assay transchelation of 68Ga from dextran to cysteine, 10 ll of the 68Gadextran solution was mixed with 500 ll of cysteine solution and the mixture was incubated at 37 °C for 2 h. At
defined intervals, 10 ll aliquots of the mixture were tested
to determine radioactive fractions by thin layer chromatography on TLC-SG and methanol as mobile phases. In
this system, 68Ga-dextran, free 68Ga and 68Ga(OH)3 have a
Rf value of 0.0–0.3 and 68Ga-cyteine migrates to Rf = 0.6
(Fig. 2 in supplementary information).
Stability of 68Ga-dextran complex was also examined in
the presence of fresh human serum by incubating the
mixture of same volumes of them at 37 °C for 2 h at
atmospheric conditions. At defined intervals, the radiochemical purity was checked on TLC-SG and normal saline as the mobile phase. In this system, the radiolabeled
components of serum remain at the origin, while 68Gadextran migrates to Rf = 0.4 (Fig. 3 in supplementary
information).

correction according to our previous work [28]. Using
Siemens SyngoMMWP VE36A workstation, 3D ROIs
were drawn manually on the coronal CT images for each
major organ and a background ROI outside the body area,
which were overlaid on the decay corrected static coronal
PET image. To minimize the effects of accumulated
radioactivity in the adjacent tissues, the size of each ROI
was smaller than the actual size of each organ. The
radioactivity concentrations (accumulation) within interested organs were obtained from average radioactivity
concentration (Bq ml-1) within the multiple-ROI volumes
(Fig. 4 in supplementary information). The ROIs were
converted to Bq g-1 by assuming the average densities of
0.26 and 1 g ml-1 for the lung and other organs, respectively [30]. Finally, the ROIs were divided by the administered radioactivity to obtain imaging ROI–derived
percentage injected dose per gram of organs.
On the other hand, a 3D ROI was drawn around wholebody of rates for extracting whole-body volume and
average radioactivity concentration, used to calculate the
total accumulated radioactivity at each time of the study
(Fig. 5 in supplementary information). To determine the
uptake and release profiles of interested organs, the
behavior in the ratios of the radioactivity concentration of
organs to the total radioactivity at the time of studies was
plotted.

Result and discussion
68

Biodistribution studies

Quality control of

The biodistribution of 68Ga-dextran among organs was
determined in wild-type male rats, according to our previous work [28]. The animals were sacrificed by CO2
asphyxiation at selected times after injection (n = 3 for
each interval), and specific activities of tissues were
determined as a percent of injected dose per gram of
tissues.

The elution efficiency of the 68Ge/68Ga generator was
about 80%, and the fractions of 2–4 had the highest
radioactivity around 90% of total eluted radioactivity.
Figure 1 shows the radiochromatogram of the 68GaCl3
solution. As can be seen from the Fig. 1, 68Ga existed
mostly as reactive 68Ga(III) cation which has formed 68GaDTPA chelate and migrated to Rf = 0.8.

PET–CT studies and data analysis

Radiolabeling of dextran

PET/CT imaging was performed by a clinical PET/CT
scanner (Biograph 6 TrueX; Siemens Medical Solutions).
The male rat was tail-vein injected with *6.6 MBq
(120 lCi) of 68Ga-dextran under ketamine–xylazine anesthesia. Then, it was placed in a supine position on the PET/
CT table, and CT scan was performed for anatomical reference and attenuation correction (spatial resolution
1.25 mm, 80 kV, 150 mAs, 20 s). Static PET images were
acquired for 10 min with 4 sets of emission images starting
30, 60, 90 and 120 min after injection. Reconstruction was
performed using the iterative algorithm with attenuation

68

GaCl3

Ga radioisotope is typically chelated at acidic pH to
avoid the formation of Ga(OH)3 solid precipitation. Figure 2 provides the effect of dextran concentration and
reaction time on the radiolabeling efficiency in the acidic
solution and at room temperature or 90 °C (method 1). As
shown, there is a clear trend of increasing in the radiolabeling efficiency with concentration and reaction time.
Furthermore, the heating showed an increasingly positive
effect. Nevertheless, it reached up to 85% for maximum
applied dextran concentration even after 60 min heating at
90 °C.
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Fig. 1 Radiochromatogram of eluted 68GaCl3 solutions on Whatman
No 1 and 10 mM DTPA (pH = 5.5) solution as mobile phase

Fig. 3 Radiolabeling efficiency of dextran with 68Ga in alkaline
solution (method 2). Each point represents the average of three
independent tests

deprotonated hydroxyl groups of dextran in the alkaline
solution.
Stability studies in storage solution and toward
cysteine and human blood serum

Fig. 2 Radiolabeling efficiency of dextran with 68Ga in the acidic
HEPES solution at room temperature and 90 °C (method 1). Each
point represents the average of three independent tests

Despite the high tendency of gallium to form chelates
through bonds with oxygen [29], the efficiency of gallium
dextran complexes was low in the acidic pH, used routinely
to prepare 68Ga radio-complexes. To increase the probability of forming a 68Ga-dextran complex, the hydroxyl
groups of dextran were deprotonated in alkaline solution.
Figure 3 presents the effect of dextran concentration and
reaction time on the radiolabeling efficiency in alkaline
solution at room temperature and 90 °C, respectively
(method 2). What is interesting in this data is that a decaycorrected radiolabeling efficiency of 99% could be
achieved after 10 min heating for a 5 mg ml-1 of dextran
in alkaline solution. Comparison of the results of two
methods reveals that the formation of a 68Ga-dextran
complex is more favorable than precipitation of 68Ga(OH)3
in alkaline solution. It could be related to the high number
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Figure 4 presents the stability profile of 68Ga-dextran
solution in the storage solution (Cdextran = 5 mg ml-1), in
the presence of cysteine (Cdextran/Ccysteine = 1/100), and
human serum. After 2 h of incubation, the radiochemical
purity of the radio-complex decreased to approximate 88,
71 and 86% in the storage solution, toward cysteine and
human serum, respectively. Although the compound
showed a slight instability in the cysteine solution, it was
stable enough in human serum to be used in the in vivo
studies. Instability of radio-complexes in human serum is
mainly related to trans-chelation of the radioisotope to
transferrin. Although, transferrin has high binding constant
for Ga(III) cations [31]. However, the 68Ga-dextran complex showed a higher stability in human serum than in
cysteine solution. Since, the radiolabeled dextran, as a
blood-pool radiotracer, shows a long blood circulation
profile [6]. The high stability of 68Ga-dextran in human
serum could be attributed to the possible poor physical
interaction of dextran and transferrin molecules. The same
result has also been reported for an 188Re-cysteine conjugated dextran complex [12].
Biodistribution studies
The percent ID g-1 of organ values obtained from tissue
sampling studies as well as the percent image ROI derived
ID g-1 values extracted from PET/CT images could be
compared in Table 1. There was a suitable correlation
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Fig. 4 Stability of 68Ga-dextran in the storage condition and toward
cysteine and human serum

between the results of two methods, showing the reliability
of ROI derived ID g-1 biodistribution study. However, the
ROI derived ID g-1 of the heart presents the average of ID
g-1 values of heart tissue and blood inside. The ID g-1 of
Table 1
Tissue

the femur bone is larger than its ROI derived value because
the femur samples contained the cartilages too.
Unlike the biodistribution profile of 68GaCl3 [32, 33],
the largest amount of the injected 68Ga-dextran was accumulated in the lungs at study duration. It could be related to
the presence of 68Ga dextran precipitation or cross-linked
complex formed in harsh alkaline reaction condition [18].
The other high ID g-1 values were for the blood, liver,
bladder, kidneys and significant uptakes were observed in
the bone, knee joints, and tail fragments. The significant
uptake of bone could be attributed to the high affinity of
dextran to the bone as it has been used to synthesize dextran-based bone tracers [34].
It is known that Ga(III) ions are bonded to the transferrin
as soon as 15 min after administration of any weak Ga(III)
complexes such as gallium citrate and gallium chloride
solution [31, 35, 36]. Several reports have shown that a
small fraction of the injected dose is excreted from renal
route and the kidneys to blood ID g-1 ratio ranged from
0.18 to 0.43 at 1 h post injection of 68GaCl3 [32, 37, 38],
whereas in this study, the 68Ga-dextran complex showed a
fast excretion profile and a kidney to blood ID g-1 ratio of

68

Ga-dextran biodistribution in normal rats
Time post injection (min)
30
% Tissue
sampling ID
g-1

60
% ROI–
derived ID
g-1

% Tissue
sampling ID
g-1

90
% ROI–
derived ID
g-1

% Tissue
sampling ID
g-1

120
% ROI–
derived ID
g-1

% Tissue
sampling ID
g-1

% ROI–
derived ID
g-1

Blood

1.12 ± 0.20

–

0.71 ± 0.15

–

0.44 ± 0.21

–

0.21 ± 0.06

–

Urine

0.37 ± 0.13

–

–

–

–

–

–

–

Liver

1.17 ± 0.26

1.25

0.61 ± 0.08

0.58

0.31 ± 0.09

0.35

0.17 ± 0.04

0.20

Gall
bladder

0.71 ± 0.09

0.93

0.57 ± 0.24

0.79

0.61 ± 0.11

0.74

0.51 ± 0.1

0.67

Spleen

0.5 ± 0.14

0.74

0.39 ± 0.12

0.41

0.29 ± 0.04

0.27

0.13 ± 0.03

0.17

Lung

3.1 ± 0.68

2.8

1.36 ± 0.37

1.74

1.04 ± 0.13

1.01

0.34 ± 0.1

0.49

Heart

0.47 ± 0.32

1.74

0.22 ± 0.19

1.14

0.27 ± 0.14

0.71

0.14 ± 0.09

0.46

Kidneys

0.64 ± 0.27

0.72

0.45 ± 0.1

0.58

0.31 ± 0.09

0.40

0.27 ± 0.12

0.31

Stomach

0.41 ± 0.11

0.35

0.28 ± 0.08

0.26

0.15 ± 0.02

0.19

0.12 ± 0.1

0.14

Intestine,
large

0.47 ± 0.06

0.35

0.26 ± 0.11

0.34

0.19 ± 0.07

0.37

0.14 ± -0.03

0.27

Intestine,
small

0.27 ± .08

0.34

0.19 ± 0.04

0.25

0.14 ± 0.04

0.25

n.m.

0.18

Bone,
femura

0.46 ± 0.1

0.29

0.44 ± 0.11

0.21

0.34 ± 0.11

0.22

0.25 ± 0.07

0.16

Bone,
Rib

0.22 ± 0.15

0.33

0.18 ± 0.06

0.24

0.16 ± 0.02

0.15

n.m.

0.11

Brain

0.06 ± .0.07

0.12

0.05 ± 0.03

0.07

n.m.

0.06

n.m.

0.03

Testis

0.21 ± 0.07

0.24

0.12 ± 0.01

0.17

0.1 ± 0.02

0.14

n.m.

0.10

Muscle

0.16 ± 0.09

0.16

0.09 ± 0.05

0.17

0.12 ± 0.01

0.15

n.m.

0.11

Knee

–

0.61

–

0.53

–

0.46

–

0.36

a

The total femur bones including both sides cartilage were used to measurements
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and heart decreased and for bladder, large intestine and
knee joint increased. However, it remained relatively
constant for kidneys. The profile outlines that the radiocomplex mostly existed in the blood circulation or accumulated in the lungs, liver, and spleen and over time
excreted from the body more by the urinary and less by the
biliary pathways. The observed increase for knee joints and
tail fragments represents the affinity of radio-complex to
cartilage tissue and a low release to uptake rate.

Conclusions

Fig. 5 3D whole body ROI volume and radioactivity concentration
of rats

0.63. The fast renal route excretion profile shows that
Ga(III) ions mostly present as a chemical form of the 68Gadextran complex in the blood circulation. It is notable that
the low molecular dextran molecules were eliminated
through renal clearance [39].
To determine the uptake and release profile of organs,
the total radioactivity within rat’s whole-body was determined by multiplying the whole-body volume and average
radioactivity concentrations at each study time (Fig. 5).
The ratios of the average radioactivity concentration of
each organ and the total radioactivity were plotted as a
function of time (Fig. 6). At 30 min of post-injection, the
highest ratio was for the lung followed by the heart (with
blood inside), liver, bladder, kidneys, knee joints and large
intestine. Over time, these ratios for the lungs, liver, spleen

This study set out to determine the possibility of the
preparation of 68Ga-dextran as a positron emitter radiocomplex. This study has shown that unexpectedly a high
radiochemical pure 68Ga-dextran complex was not formed
in the acidic HEPES solution even after 1 h heating at
90 °C for a 10 mg ml-1 dextran solution. However, a
chelator free 68Ga-dextran complex with a radiolabeling
efficiency and radiochemical purity of 99% was achieved
for a 5 mg ml-1 dextran solution and 10 min heating in an
alkaline (pH = 9) solution. Generally, 68Ga-dextran presented a lower stability compared to the radioisotopesDTPA,-MAG3 dextran complexes [14, 15]. However, it
was stable enough in human serum for both clinical and
research PET imaging applications. The biodistribution
data outline a high uptake in the lungs, possibly due to the
existence of 68Ga-dextran precipitation or cross-linked
complex formed in harsh alkaline condition. The radiocomplex showed a more urinary system and a less biliary
excretion profile. It is recommended that further study be
undertaken using modified dextran derivatives to be
labeled in a mild radiolabeling condition.
Acknowledgements This research has been supported by Tehran
University of Medical Sciences and Health Services Grant 94-02-5829793.
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