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Abstract

Objectives The radiopharmacokinetic parameters of the therapeutic radiopharmaceutical
188Re-lanreotide were compared in rats implanted with hepatocarcinoma tumours (n = 18)
and healthy rats (n = 18).
Methods Rats were injected with approximately 1.8 MBq 188Re-lanreotide (0.1 ml) via
the tail vein and blood samples were obtained. The activity per gram of tissue (%IA/g) was
calculated and the radiopharmacokinetic parameters determined. Data were fitted using a
two-compartment model.
Key findings Significant differences were found between healthy and hepatoma rats
for beta elimination half-life (22.56 vs 48.14 h); transference constants K10 (ke) (6.44 vs
3.05 h−1) and K12 (2.76 vs 7.09 h−1); volume of distribution (2.06 vs 5.45 ml); mean
residence time (66.58 vs 95.50 h) and apparent volume of distribution at steady state
(131.30 vs 810.37 ml). The tumour/organ ratios after 24 h were 11.20 for tumour/muscle,
8.00 for tumour/liver and 7.72 for tumour/bone. The scintigraphic images obtained
therefore had high resolution.
Conclusions 188Re-lanreotide had a prolonged beta elimination half-life and increased
volume of distribution in rats with hepatocellular carcinoma. This may be beneficial in the
diagnosis and therapy of metastatic lesions in patients with cancer.
Keywords 188Re-lanreotide; radiopharmacokinetics; two-compartment pharmacokinetics

Introduction

Somatostatin is a natural human inhibitory hormone that regulates many functions,
including blocking growth hormone, thyroid-stimulating hormone, insulin and glucagon.
Most human tumours over-express one of the five known distinct subtypes of somatostatin
receptor; hepatomas over-express all five receptors that bind the somatostatin hormone.

Somatostatin has been used for the treatment of neuroendocrine tumours but it is not
suitable for clinical use because it is denatured in the body within seconds. Hence, long-
lived analogues have been synthesised such as octreotide, which binds to the same
somatostatin receptors with higher affinity, similar activity and longer therapeutic effects.

As a chemotherapeutic agent for peptide-receptor-mediated therapy, octreotide has been
used successfully in the treatment of malignant carcinoid and other endocrine tumours.[1,2]

The octreotide molecule with a tyrosine residue (TOC) has been radiolabeled with iodine
(131I-TOC) for localising solitary tumour metastases by in-vivo somatostatin receptor
scintigraphy. The octapeptide lanreotide is used in the management of symptoms caused by
acromegaly, neuroendocrine tumours, malignant carcinoid tumours and VIPomas that arise in
or near the adrenal gland and over-express somatostatin receptors. Lanreotide also shows
activity against non-endocrine tumours and is being studied as a possible general antitumour
agent.[3–5]

Octreotide, lanreotide and other small somatostatin analogues that bind specifically,
effectively and persistently to the target tumour cell receptors and internalise in the cytoplasm
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and cell nuclei can be easily labelled with gamma emitters such
as technetium-99m, indium-111, gallium-68 and rhenium-188
(188Re) and are suitable for imaging malignant tumour lesions
and metastatic foci that may not be seen by conventional
imaging techniques. The same peptides labelled with beta-
emitter radionuclides (yttrium-90, rhenium-188, lutetium-177,
indium-113) are used for neuroendocrine tumour therapy.[3,4,6–11]
188Re is a radionuclide that allows both imaging and therapy;
it is a gamma (155 keV) and beta (2.19 keV) emitter with a
16.98 h disintegration half-life. It is easily obtained in a
hospital radiopharmacy from a tungsten–rhenium generator
(188W–188Re).[12,13] Lanreotide has been directly labelled with
188Re[14–18] and successfully used for therapy.[3,4,8,19,20] The
peptide in micro- or nanomolar amounts carries radionuclide to
the target cell receptors but does not have a pharmacological
effect per se, and a special branch of pharmacokinetics is used
to study its biodistribution. The radiopharmacokinetic para-
meters are determined by detecting the radiation emitted from
the labelled peptide. The experimentally obtained parameters
are fitted to a hypothetical model for a specific pathology;
however, this model is not reliable if it is not verified by
mathematical methods.

Liver cancer is not easily diagnosed or treated and is
generally fatal; thus an Re radiopharmaceutical might be
useful for scintigraphy, dosimetry and therapy.[8,10,20] In this
study we determined the radiopharmaceutical parameters of
188Re-lanreotide following a single intravenous dose to Wistar
rats with hepatocellular carcinoma (HCC). The experimentally
obtained biodistribution and organ uptake in healthy rats and
rats with HCC was used as the input for the WinNonlin
program (2000, Pharsight Corp., CA, USA).

The rat model is useful to determine the pharmacokinetic
parameters and the tumour/organ ratios of 188Re-lanreotide to
be used for calculating the individual dose following the
medical internal radiation dose (MIRDOSE) methodology
and later in the diagnosis and therapy of metastatic lesions in
patients with cancer.

Material and Methods

Preparation of 188Re-lanreotide

Lanreotide [3-(2-naphthalenyl)-D-alanyl-L-cysteinyl-L-tyrosyl-
D-tryptophyl-L-lysyl-L-valyl-L-cysteinyl-L-threonine-amide]
and cyclic(2→7)-disulfide(9Cl) from Sigma-Aldrich Corp.
(St Louis, MO, USA) was labelled with 188Re by a modified
direct method using (1-1-diphosphoric acid (HEDP) as a weak
competing ligand and stannous chloride (SnCl2) to reduce both
Re and the peptide’s disulfide bridge for metal chelat-
ing.[15,17,18] Lanreotide (0.027 mg) in 0.1 ml sterile apyrogenic
water, 1.7 mg HEDP in 0.1 ml of the same water for injection
and 0.21 mg of SnCl2•2H2O in 0.1 ml 12 N HCl were mixed
in a glass vial. The mixture was labelled with approximately
166.3 MBq (4.5 mCi) in 0.78–1.0 ml 188ReO4

− eluted from an
188W–188Re generator (Oak Ridge National Laboratories, TN,
USA). The reaction was carried out at pH 2 with 90 min
incubation period in boiling water. Before injection, the pH
was raised to pH 7.2 using citrate buffer. The radioactivity was
measured using a CRC-15R dose calibrator (Capintec, NJ,
USA).[17]

Radiochemical purity

Radiochemical impurities in the 188Re-lanreotide were
identified by chromatography using ITLC silica-gel (SG)-
impregnated glass-fibre strips (Gelman Sciences, Inc./Pall
Corp., Ann Arbor, MI, USA) with three solvents: 0.9% NaCl,
acetone, and acid ethanol (10% 0.3 mol/l HCl). The
radiochemical stability was evaluated immediately and 24 h
after preparation by the same method.

Animal model

Biodistribution and radiopharmacokinetic studies in Wistar
rats were carried out according to the rules and regulations
of the official Mexican standard 062-ZOO-1999.[21] Male
Wistar rats (200–300 g) maintained on standard PMI 5001
feed (Purina) were used according to the rules and regulations
of the Institute for Radiopharmacokinetic Studies. They were
kept in plastic cages with wood-shaving bedding. Temperature
was maintained at 21°C and humidity at 50–60%, with a 12 h
light–dark cycle and subdued noise. Water and feed were
provided ad libitum.

Propagation of hepatoma AS-30D cells and
tumour induction in rats

AS-30D hepatoma cells were obtained from the ascites of a
Wistar rat with HCC and were propagated in the peritoneal
cavity of normal rats.[22] Rats developed ascites after 7 days.
The process for propagation of AS-30D murine hepatoma cells
was repeated two or three times.[23–28] A sample of ascites was
cultured for bacterial contamination and histopathological
slides were used to confirm the liver cancer cell line.

AS-30D cells were obtained by centrifugation of 5 ml
pooled ascites. Then, 1 million cells in 0.1 ml phosphate
buffered saline were injected subcutaneously into the dorsal
side of healthy rats. The injection sites were monitored for
both the propagation cells in the peritoneum and the implanted
hepatoma tumour. Studies were carried out 60 days after
inoculation, when the tumours were 0.5–1 cm in diameter and
1.5 g.[22] Pathology studies confirmed that tumours induced
with AS-30D cells were due to a carcinogenic process and not
to a foreign body reaction.

Biodistribution studies

Healthy rats and HCC-bearing rats were used for distribution
and radiopharmacokinetic studies. 188Re-lanreotide, approxi-
mately 1.8 MBq (48.6 mCi) in 0.1 ml, was injected into the
peritoneal cavity and in the left dorsal side of healthy rats. The
rats (n = 3 per time point) were killed at 0.083, 0.25, 0.5, 1.16,
3 and 24 h after the injection. The heart, spleen and kidneys
and samples of lung, liver, stomach, intestines, muscle, bone
and tumour were rinsed with saline, blotted on paper and
placed into pre-weighed plastic test tubes. The radioactivity in
the organs and aliquots of blood and ascites was determined in
a well-type scintillation detector (Canberra, Meriden, CT,
USA) along with six 0.25 ml samples of the diluted standard
representing 100% of the injected activity. The mean activity
was used to obtain the percentage of injected activity per g
tissue (%IA/g).
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Radiopharmacokinetic parameters

The activity of all the blood samples taken at 0.25, 0.5, 1.1, 3, 5,
8, 12, 15, 18 and 24 h for healthy rats and 0.25, 0.5, 1.16, 3 and
24 h for tumour-bearing rats were used as the input data for the
WinNonlin program to calculate the radiopharmacokinetic
parameters for a two-compartment model following a single
intravenous bolus dose. The following parameters were
determined: a and b elimination constants, area under the
curve (AUC), a and b half-lives, transference constants (k12,
k21, k10), apparent volume of distribution (Vd), total clearance
(Cl), mean residence time (MRT) and apparent volume of
distribution at steady state (Vss).

Histopathological studies

Histopathological studies were carried out to determine the
histological nature of the tumour (cancer, inflammation,
infection). Fragments (2.0 g) of the tumours (n = 5) were
fixed in formol, embedded in paraffin, cut into thin slices
(0.05 μm) and stained with haematoxylin and eosin.

Statistical analysis

Net counts per minute (radioactive counts per min) and g of
tissue data obtained were used to calculate IA/g tissue for each
organ and for each time interval from each rat. The mean net
counts per min of the diluted standard representing 100% of
the injected activity was used to calculate %IA/g tissue.

Ratios of the %IA/g found for tumour/blood, tumour/
muscle, tumour/bone, tumour/ascites and tumour/liver for the
3 h and 24 h time periods were calculated (n = 3 rats).

Differences were determined using the Student’s t-test
and F distribution, with significance set at P < 0.05. The
Kruskal–Wallis test was used to compare the distribution of
188Re-lanreotide in healthy rats and tumour-bearing rats and
to see that the samples of cells in healthy rats come from
different populations compared with tumour-bearing rats.

Results

Preparation and radiochemical
purity of 188Re-lanreotide

The radiopharmaceutical was prepared with approximately
166.3 MBq 188ReO4

−. The radiochemical purity determined by

the ITLC-SG system with the three solvents was 96 ± 3% up
to 24 h. The radiochemical impurities were 2 ± 1% for
188Re-HEDP, and <1% for 188Re-O2 and

188Re-O4
−.

Biodistribution

Blood clearance in healthy rats was rapid, with rapid
elimination. The kidney/blood ratio was 45.86 after 3 h and
1.83 after 24 h, showing, that as with many labelled peptides,
the dose-limiting organ is the kidney. Biodistribution and
uptake in all organs and biological fluids in healthy rats and
tumour-bearing rats are summarized in Tables 1 and 2.

The mean concentration ratios of the tumour/organs of
interest 24 h after injection were: 3.73 for tumour/blood;
11.20 for tumour/muscle; 7.72 for tumour/bone; 3.73 for
tumour/ascites and 8.00 for tumour/liver (Figure 1). The
radiopharmacokinetic profile of 188Re-lanreotide in healthy
and tumour-bearing rats is shown in Figure 2.

Radiopharmacokinetic parameters

A two-compartment first-order elimination model was used to
estimate the pharmacokinetic parameters of 188Re-lanreotide
in healthy and tumour-bearing rats using the WinNonlin
program: initial activity (i.e. %IA/g tissue), b elimination half-
life, K10 (ke) and K12 transference constants, Vd, MRT and Vss

were significantly different between the two groups (Table 3;
t = 5.65E − 0.06, F = 0.028; P < 0.05).

Histopathological studies

The histopathological studies confirmed the diagnosis of
epithelial tumour compatible with rat-induced hepatoma. The
microscopic slides of ascites show abundant nests of atypical
epithelial neoplastic cells with round pleomorphic hyper-
chromatic nuclei and variable amounts of cytoplasm. No
mitosis, nor red blood cells or bacteria were seen in the
smears. The cells in the peritoneum were from tumours. AS
(30D) tumour cells, as well as hepatocarcinoma cells, possess
fewer mitochondria than healthy cells.

Statistical strategy

The Kruskal–Wallis test indicated that the probability of
having a value of H ≥ 70.89 is less than 0.004, so there is a

Table 1 Biodistribution of 188Re-lanreotide in healthy rats

Time (h)

0.083 0.25 0.5 1.166 3 24

Blood – 4.9070 ± 0.0090 0.5510 ± 0.0015 0.0745 ± 0.0007 0.0568 ± 0.0026 0.0295 ± 0.0007

Heart 0.0450 ± 0.0070 0.0790 ± 0.0007 0.0240 ± 0.0021 0.0083 ± 0.0011 0.0016 ± 0.0006 0.0595 ± 0.0007

Lung 0.1500 ± 0.0700 0.6290 ± 0.0063 0.1040 ± 0.0056 0.0405 ± 0.0064 0.3100 ± 0.0141 0.1600 ± 0.0141

Liver 0.1850 ± 0.0070 1.1610 ± 0.0714 0.1840 ± 0.0198 0.0600 ± 0.0070 0.9300 ± 0.0283 0.2700 ± 0.0141

Spleen 0.0350 ± 0.0070 0.0500 ± 0.0070 0.0250 ± 0.0007 0.0120 ± 0.0014 0.0595 ± 0.000 0.2850 ± 0.0070

Stomach 0.0250 ± 0.0070 0.4530 ± 0.0460 0.0220 ± 0.0028 0.0385 ± 0.0021 1.400 ± 0.2828 0.1200 ± 0.0141

Small intestine 0.0550 ± 0.0070 0.9090 ± 0.0042 0.0380 ± 0.0035 1.0350 ± 0.0212 0.0095 ± 0.0007 0.1400 ± 0.0141

Large intestine 0.0350 ± 0.0070 0.8210 ± 0.0318 0.0910 ± 0.0014 0.9880 ± 0.0113 0.0105 ± 0.0007 0.0885 ± 0.0021

Kidney 0.1850 ± 0.0070 0.6550 ± 0.0332 0.1780 ± 0.0028 0.1655 ± 0.0077 2.1200 ± 0.1697 5.3900 ± 0.5515

Muscle 0.0155 ± 0.0060 0.0530 ± 0.0028 0.0105 ± 0.0007 0.0079 ± 0.0001 0 0.0160 ± 0.0028

Bone 0.1350 ± 0.0070 0.0634 ± 0.0018 0.1040 ± 0.0070 0.0295 ± 0.0007 0.0215 ± 0.0007 0.9750 ± 0.0070

Values are activity per gram of tissue (%IA/g), means ± SD (n = 3).
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difference in the biodistribution in healthy rats compared
with tumour-bearing rats.

Discussion

The murine hepatoma AS-30D cell line, which over-
expresses somatostatin receptors,[22–28] was used to grow a
tumour and produce ascites in Wistar rats in order to study
the biodistribution, pharmacokinetic parameters and profile
of 188Re-lanreotide. The b elimination half-life, transference
constants, Vd, MRT and Vss were significantly different
between the control rats and tumour-bearing rats (Table 3).
These differences may be due to 188Re-lanreotide in the
ascites in rats with the implanted HCC.

Histopathology studies showed that cancer cells had some
deformation of the cell membrane and hyperchromatic nuclei.

The Kruskal–Wallis test was used to confirm that
188Re-lanreotide was distributed in different organs and that
the samples were from different populations (assuming the
null hypothesis that the samples are from identical popula-
tions; the alternative hypothesis assumes that the sample
came from different populations in healthy and tumour-
bearing rats).

The radiopharmacokinetic parameters conformed to the
traditional two-compartment model: a central compartment
(blood) and a peripheral compartment comprising less-
perfused organs, with first-order elimination from the central
compartment. The Akaike criterion and the correlation
coefficient calculated by the WinNonlin program determined
the goodness of fit. This model provided a conceptual
framework of drug disposition that better matches the
behaviour of 188Re-lanreotide in healthy and tumour-bearing
rats. 188Re-lanreotide has been reported to have favourable
biodistribution and specific binding to some tumours[18] but
showed low affinity for the liver tumour (Table 2). However,
the tumour/organ ratios were high (Figure 1). The 11-fold
activity for the tumour over the muscle or background
activity means that the tumour could be visualised with high
resolution using a gamma camera. Also, the HCC could be

Table 2 Biodistribution of 188Re-lanreotide in rats with liver cancer

Time (h)

0.083 0.25 0.5 1.166 3 24

Blood – 1.4960 ± 0.0100 0.1730 ± 0.0100 0.0430 ± 0.0120 0.0580 ± 0.0100 0.0600 ± 0.0100

Heart 0.0360 ± 0.0160 0.0415 ± 0.0007 0.0240 ± 0.0100 0.0080 ± 0.0020 0.1100 ± 0.0700 0.0820 ± 0.0100

Lung 0.0415 ± 0.0100 0.3355 ± 0.0290 0.0600 ± 0.0200 0.0450 ± 0.0100 0.3200 ± 0.0100 0.0130 ± 0.0100

Liver 0.1000 ± 0.0100 3.3300 ± 0.1400 0.2500 ± 0.1100 0.0600 ± 0.009 0.9500 ± 0.0100 0.0280 ± 0.0100

Spleen 0.0500 ± 0.0200 0.0240 ± 0.0100 0.0400 ± 0.0200 0.0130 ± 0.0007 0.0400 ± 0.0200 0.0290 ± 0.0100

Stomach 0.0090 ± 0.0100 0.0070 ± 0.0010 0.0450 ± 0.0030 0.0450 ± 0.0040 0.1100 ± 0.0120 0.0090 ± 0.0001

Small intestine 0.0590 ± 0.0060 0.1960 ± 0.0190 0.0600 ± 0.0050 1.5300 ± 0.4300 0.1560 ± 0.0100 0.5900 ± 0.0890

Large intestine 0.0430 ± 0.0100 0.2670 ± 0.0110 0.0580 ± 0.0200 0.0150 ± 0.0120 0.0350 ± 0.0110 0.0030 ± 0.1000

Kidney 0.1430 ± 0.0137 0.2100 ± 0.0200 0.2200 ± 0.0110 0.1700 ± 0.0400 2.6600 ± 0.1230 0.1100 ± 0.0090

Muscle 0.0190 ± 0.0090 0.0550 ± 0.0040 0.0060 ± 0.0001 0.0050 ± 0.0002 0.0270 ± 0.0010 0.0200 ± 0.0010

Bone 0.0110 ± 0.0010 0.0060 ± 0.0010 0.0100 ± 0.0011 0.0290 ± 0.0050 0.2200 ± 0.0110 0.0290 ± 0.0100

Tumour 0.0240 ± 0.0014 0.3050 ± 0.0120 0.0150 ± 0.0007 0.0350 ± 0.0020 0.0600 ± 0.0020 0.2240 ± 0.1500

Ascites 0.0060 ± 0.0020 0.0730 ± 0.0100 0.0550 ± 0.0007 0.0120 ± 0.0040 0.0700 ± 0.0029 0.0600 ± 0.0140

Values are activity per gram of tissue (%IA/g), means ± SD (n = 3).
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easily detected, having eightfold higher activity than the liver
tissue. Images of bone metastasis were also conclusive.

Lanreotide and other somatostatin peptide analogues are
used in gram concentrations for therapeutic purposes. The
radiopharmaceutical is prepared with 27 μg of the lanreotide
peptide. The radionuclide carried by micro- or nanomolar
amounts of peptide to the target cell receptors does not have
a pharmacologic effect per se but, because of the Re188 beta
radiation, there is damage in the cytoplasm or nuclei of the
receptor-bearing cells, which mainly affects apoptosis.[29] In
comparison with the widely used yttrium-90 (pure beta
emitter), 188Re offers the advantages of a short half-life, a
lower absorbed radiation dose and, because it is also a
gamma emitter, it can image tumours and metastases. For
therapeutic purposes, 188Re-lanreotide would be useful
because it is specifically concentrated in liver tumours
and it may prevent ascites formation. The determination of
188Re-lanreotide radiopharmacokinetic parameters, mainly
the MRT and the effective half-life, is necessary to estimate
the activity for individual radiopharmaceutic therapy follow-
ing the MIRDOSE methodology.

Conclusions

The two-compartment model is the simplest tool available
for elaborating a pharmacokinetic profile of 188Re-lanreotide
in healthy and tumour-bearing rats. The experimental
radiochemical and radiopharmacobiological characteristics
of 188Re-lanreotide, as shown in the animal model, and
specifically the MRT (calculated from the injected activity
and uptake by the organ of interest) and mean half-life could
be used to calculate the therapeutic dose following

MIRDOSE methodology to be administered in patients with
cancer.

The biodistribution of 188R-lanreotide was different in
tumour-bearing rats compared with healthy rats. The high
tumour/muscle, tumour/liver and tumour/bone ratios observed
indicate that scintigraphy images of soft tissue, liver or bone
tumours and metastases can be obtained and can be seen with
clarity and high resolution.
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México), SEP-CONACyT 61-541 and Dr Edilso Reguera
Ruı́z for the realisation of this study.

References

1. Krenning EP et al. Somatostatin receptor scintigraphy with
111In-DTPA-D-Phe1 and 123I-Tyr3–octreotide: the Rotterdam

experience with more than 1000 patients. Eur J Nucl Med 1993;

20: 716–731.

Table 3 Radiopharmacokinetic parameters of 188Re-lanreotide in rats

Healthy rats Rats with hepatoma

Estimated SE %CV Estimated SE %CV

A (%mCi/g ml) 48.58 1.05 2.17 18.30 0.03 0.14

B (%mCi/g ml) 0.07 0.01 10.50 0.06 0.00 0.18

a elimination constant (h−1) 9.23 0.09 0.97 10.18 0.01 0.06

b elimination constant (h−1) 0.04 0.01 37.39 0.02 0.00 1.04

AUC (%mCi/g ml*h) 7.54 0.24 3.20 6.01 0.07 1.12

K10-HL (h) 0.11 0.00 3.50 0.23 0.00 1.19

a-HL (h) 0.08 0.00 0.44 0.07 0.00 0.09

b-HL (h) 22.55 3.10 13.76 48.14 0.85 1.77

K10 (1/h) 6.44 0.23 3.49 3.05 0.04 1.20

K12 (1/h) 2.76 0.21 7.61 7.09 0.03 0.48

K21 (1/h) 0.04 0.01 10.58 0.05 0.00 0.64

Vd (ml) 2.06 0.02 0.99 5.45 0.01 0.23

Cp
0 (%mCi/g ml) 48.61 0.48 0.99 18.34 0.04 0.23

Cl (ml/h) 13.26 0.42 3.20 16.63 0.19 1.13

AUMC (%mCi/g ml*h)2 74.73 18.07 24.17 293.06 9.89 3.37

MRT (h) 66.58 2.09 3.134 95.50 1.10 1.15

Vss (ml) 131.30 23.63 18.00 810.37 9.39 1.16

Values were determined using a two-compartment model and the experimentally obtained blood data (n = 3) using the WinNonlin program. A, initial

%IA/g tissue, determined by extrapolation to the intercept on the ordinate axes A; B, %IA/g tissue determined by extrapolating to the intercept the

ordinate axes B; K10-HL, a-HL, b-HL, times of k10, a and b microconstants; AUC, area under the curve; k12, k21, k10, transference constants;

Cl, clearance; Cp
0, initial %IA/g; Cl, total clearance; AUMC, area under the curve in the second moment; MRT, mean residence time; Vd, apparent

volume of distribution; Vss, apparent volume at steady state.

460 Journal of Pharmacy and Pharmacology 2010; 62: 456–461



2. Reubi JC et al. Affinity profiles for human somatostatin

receptor subtypes SST1–SST5 of somatostatin radiotracers

selected for scintigraphic and therapeutic use. Eur J Nucl Med

2000; 27: 273–282.

3. Virgolini I et al. In and 90Y-DOTA-lanreotide: results and

implications of the MAURITIUS trial. Semin Nucl Med 2002;

32: 148–155.

4. Virgolini I et al. Nuclear medicine in the detection and

management of pancreatic islet-cell tumours. Clin Endocrinol

Metab 2005; 19: 213–227.

5. Susini C, Buscail L. Rationale for the use of somatostatin

analogs as antitumor agents. Ann Oncol 2006; 17: 1733–1742.

6. Li S et al. 111In-DOTA-dPhe1-Tyr3-octreotide, 111In-DOTA-lanreo-

tide and 67Ga citrate scintigraphy for visualization of extranodal

marginal zone B cell lymphoma of the MALT type: a comparative

study. Eur J Nucl Med Mol Imaging 2003; 30: 1087–1095.

7. Pawlikowski M, Melen-Mucha GM. Perspectives of new

potential therapeutic applications of somatostatin analogs.

Neuroendocrinol Lett 2003; 24: 21–27.

8. Rodríguez M et al. Value of 111In-DOTA-lanreotide and
111In-DOTA-DPhe1-Tyr3-octreotide in differentiated thyroid can-

cer: results of in vitro binding studies and in vivo comparison with

18F-FDG-PET.EurJNuclMedMol Imaging2005; 32: 1144–1151.

9. Rodríguez M et al. Comparison of 111In-DOTA-DPhe1-Tyr3-

octreotide and 111In-DOTA-lanreotide scintigraphy and dosi-

metry in patients with neuroendocrine tumours. Eur J Nucl Med

Mol Imaging 2006; 33: 532–540.

10. Rodríguez M et al. Concordance between results of somato-

statin receptor scintigraphy with 111In-DOTA-Dphe1-Tyr3-

octreotide and chromogram in A assay in patients with

neuroendocrine tumours. Eur J Nucl Med Mol Imaging 2008;

35: 1796–1802.

11. Valencak J et al. Somatostatin receptor scintigraphy with 111In-

DOTA-lanreotide and 111In-DOTA-Tyr3-octreotide in patients

with stage IV melanoma: in vitro and in vivo results. Melanoma

Res 2005; 15: 523–529.

12. Knapp FF et al. Availability of rhenium-188 from the alumina-

based tungsten-188/rhenium-188 generator for preparation of

rhenium 188-labeled radiopharmaceuticals for cancer treatment.

Anticancer Res 1997; 17: 1783–1795.

13. Ferro FG, Hashimoto K. Direct labeling of monoclonal

antibodies and antibody fragments with 188Re. Radiochim Acta

1997; 79: 63–70.

14. Ferro FG et al. Preparation, biodistribution and dosimetry of
188Re-labeled MoAb ior CEAI and its F(ab´)2 fragment by

avidin-biotin strategy. Nucl Med Biol 1999; 26: 57–62.

15. Meléndez AL et al. Labeling peptides with rhenium-188. Int J

Pharm 1999; 182: 165–172.

16. García SL et al. Uptake of the 188Re(V)-DMSA complex by

cervical carcinoma cells in nude mice: pharmacokinetics and

dosimetry. Appl Radiat Isotop 2001; 54: 413–418.

17. Arteaga de Murphy C et al. Uptake of 188Re-b-naphthyl-peptide
in cervical carcinoma tumours in athymic mice. Nucl Med Biol

2001; 28: 319–326.

18. Molina TEM et al. Radiopharmacokinetic and dosimetric

parameters of 188Re-lanreotide in athymic mice with induced

human cancer tumors. Int J Pharm 2006; 310: 125–130.

19. Gabriel M et al. 68Ga-DOTA-Tyr3-octreotide-PET in neuro-

endocrine tumours: comparison with somatostatin receptor

scintigraphy and CT. J Nucl Med 2007; 48: 508–518.

20. Yau T et al. Evolution of systemic therapy of advanced

hepatocellular carcinoma. World J Gastroenterol 2008; 14:

6437–6441.

21. Villanueva SO, Hernández GR. Manual en Ciencias de los

Animales de Laboratorio. INCMNSZ: México, 2004.
22. Correa GL et al. Uptake of 153Sm-DTPA-bis-biotin and

99mTc-DTPA-bis-biotin in rat AS-30D-hepatoma cells. Nucl

Med Biol 2003; 30: 135–140.

23. Kroker R et al. The lack of active bile acid transport in AS-30D

ascites hepatoma cells. Naunyn Schmiedebergs Arch Pharmacol

1978; 303: 299–301.

24. Masuno H et al. Isolation of lipolytic factor (toxohormone-L)

from ascites fluid of patients with hepatoma and its effects

on feeding behavior. Eur J Cancer Clin Oncol 1984; 20:

1177–1185.

25. Reubi JC et al. Inmunohistochemical localization of somato-

statin receptors sst2A in human tumors. Am J Pathol 1998; 153:

233–245.

26. Reynaert H et al. Expression of somatostatin receptors in

normal and cirrhotic human liver and in hepatocellular

carcinoma. Gut 2007; 53: 1180–1189.

27. Li Y et al. Somatostatin receptor subtype 2-mediated

scintigraphy and localization using (99m)Tc-HYNIC-Tyr

(3)-octreotide in human hepatocellular carcinoma-

bearing nude mice. World J Gastroenterol 2005; 11: 3953–

3957.

28. Li G et al. Antitumor effect mediated by coexpression of

somatostatin receptor type 2 and cytosine deaminase on nude

mice xenografts. J US China Med Sci 2006; 3: 35–39.

29. Laster M et al. Potent induction of apoptosis in human

hepatoma cell lines by targeted cytotoxic somatostatin analogue

AN-238. J Hepatol 2005; 42: 230–237.

Radiopharmacokinetics of 188Re-lanreotide Eva M. Molina-Trinidad et al. 461



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


