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BACKGROUND AND PURPOSE: After the advent of extracellular contrast media, hepato-
biliary-specific gadolinium chelates were developed to improve the diagnostic value of MR
imaging of the liver. Gadobenate dimeglumine (Gd-BOPTA) is a new paramagnetic contrast
agent with partial biliary excretion that produces prolonged enhancement of liver parenchyma
on T1-weighted images. However, whether Gd-BOPTA is useful as a contrast agent in central
nervous system disease, particularly in brain tumors, is unclear.

METHODS: The behavior of Gd-BOPTA as a brain tumor–selective contrast agent was
compared with that of gadopentetate dimeglumine (Gd-DTPA), an MR contrast agent used in
central nervous system disease, in a common dose of 0.1 mmol/kg. An MR imaging study of
these two contrast agents was performed, and tissue concentrations were measured with
inductively coupled plasma atomic emission spectroscopy (ICP-AES).

RESULTS: Gd-BOPTA showed better MR imaging enhancement in brain tumors than did
Gd-DTPA at every time course until 2 hours after administration and no enhancement in
peritumoral tissue and normal brain. Corresponding results with ICP-AES showed significantly
greater uptake of Gd-BOPTA in tumor samples than that in peritumoral tissue and normal
brain 5 minutes after administration. Gadolinium was retained for a longer time in brain
tumors when Gd-BOPTA rather than Gd-DTPA was administered.

CONCLUSION: Gd-BOPTA is a useful contrast agent for MR imaging in brain tumors and
possibly an effective absorption agent for neutron capture therapy.

MR imaging is one of the most useful methods for the
diagnosis of brain tumors because of its high resolu-
tion and ability to reveal tissue characteristics. After
the advent of extracellular contrast media, hepatobili-
ary-specific gadolinium chelates were developed to
improve the diagnostic value of MR imaging of the
liver (1). Gadobenate dimeglumine (Gd-BOPTA) is a
new paramagnetic contrast agent, with partial biliary
excretion, that produces prolonged enhancement of

liver parenchyma at T1-weighted imaging (2–4).
However, whether Gd-BOPTA is useful as a contrast
agent in central nervous system disease, particularly
in brain tumors, is unclear.

In this study, we compared the behavior of
Gd-BOPTA as a brain tumor–selective contrast agent
with that of gadopentetate dimeglumine (Gd-DTPA),
an MR contrast agent commonly used in central ner-
vous system disease. We performed an MR imaging
study of these two agents as contrast materials, and we
measured tissue concentrations with inductively coupled
plasma atomic emission spectroscopy (ICP-AES).

The pharmacokinetics of Gd-BOPTA and its dis-
tribution in organ tissue have been clearly determined
(5). In this study, we report on the efficacy of Gd-
BOPTA as a useful contrast agent for MR imaging in
brain tumors and possibly as an effective absorption
agent for neutron capture therapy (NCT), which is a
topic for further research.
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Methods

A 0.5-mmol/L solution of Gd-BOPTA (Bracco SpA, Milan,
Italy) and a 0.5-mmol/L solution of Gd-DTPA (Magnevist;
Schering, Berlin, Germany) were used. The chemical structure
of Gd-BOPTA has meglumine as the sole saltifying agent, and
a molecular weight of 1058.17. Fisher 344 rats (for MR imaging
and ICP study; weight, 200–250 g; n � 6) were used for the
experimental brain tumor model. Nine-liter glioma cells
(10,000/�L) were implanted into the left caudate nucleus
through a small burr hole. A stereotactic manipulator with a
27-gauge fine needle was used for tumor inoculation. Fourteen
days after the inoculation of the tumor cells, general anesthesia
was induced with pentobarbital (30–50 mg/kg). MR imaging
was performed with a 2.4-T superconducting system (BMT
24/40; Bruker Co., Ltd., Karlsruhe, Germany) by using the
following parameters: 514/28 (TR/TE); field of view, 4.5 cm;
section thickness, 1.6 mm; matrix, 64 � 64; averaging, two
times. Serial T1-weighted spin-echo images were obtained be-
fore and 5 minutes, 30 minutes, 1 hour, and 2 hours after
intravenous injection of Gd-BOPTA and Gd-DTPA at a dose
of 0.1 mmol/kg. The time courses of changes in the contrast
enhancement of tumors were compared by use of the signal
intensity (SI) ratio, which was the average SI of the region of
interest in the tumor divided by that of contralateral normal
brain. The lesion-to-brain ratio (L/B) was defined as SI brain
lesion � SI normal brain. For each animal, the image with the
highest L/B contrast enhancement was selected by visual in-
spection, and a seed point was placed in the tumor region. SI
threshold values were adjusted by the operator (T.Z.) until the
connected region in the threshold range defined by the pro-
gram coincided with the enhancing area, as perceived visually.
SIs were then recorded for region of interest, which served as
a template for the tumor taken for the corresponding animal.

The tumor-bearing rats were sacrificed 5 minutes, 30 min-
utes, 1 hour, or 2 hours after the injection of Gd-BOPTA and
Gd-DTPA at a dose of 0.1 mmol/kg. Tissue specimens, includ-
ing the tumor peritumoral brain tissue, contralateral normal
brain tissue, and blood, liver, spleen, kidney, and muscle were
obtained and immediately placed in a deep freezer, where they
were kept until used for analysis.

To transfer tissue specimens into liquid in order to measure
gadolinium concentration by ICP-AES (IACP757V; Nippon
Jarrell-Ash Co. Ltd., Kyoto, Japan), a microwave sample prep-
aration system (MDS-2000; CEM Corp, Matthews, NC) was
used. First, we mixed the tissue specimens with 2–3 mL of 10%
hydrogen nitrate each. We then put them into a microwave
oven (advanced composite vessel) for wet digesting for about 1

hour, after which we obtained the liquid. By using ICP-AES,
gadolinium concentration was moved.

Results

MR Imaging Study
All tumors showed considerable enhancement after

use of either contrast agent. Examples of images ob-
tained in this study are shown in Figure 1. At T1-
weighted imaging, brain tumor enhancement peaked
5 minutes after administration at 87% � 6% for
Gd-BOPTA and 53% � 5% for Gd-DTPA. Given
that enhancement of normal brain tissue remains
negligible (1–3%) after administration of either con-
trast agent, the stronger lesion enhancement after
Gd-BOPTA translated into a higher L/B, which
peaked at 2.07 � 0.09 as compared with 1.87 � 0.06
after Gd-DTPA administration. Gd-BOPTA retained
an L/B of 1.48 � 0.07 compared with that of Gd-
DTPA at 1.13 � 0.06 2 hours after IV administration
(Fig 2). These results reveal that Gd-BOPTA showed
better MR imaging enhancement for brain tumor at
every time course until 2 hours after administration
and no enhancement in peritumoral tissue and nor-
mal brain (P � .05).

FIG 2. L/B time profiles after IV administration of 0.1 mmol/kg
of Gd-BOPTA and Gd-DTPA during T1-weighted imaging (514/
28) at 2.4 T. Data are mean � SD of six animals.

FIG 1. Serial T1-weighted spin-echo MR images (514/28) obtained before and at 5 minutes, 30 minutes, 1 hour, and 2 hours after
contrast agent administration.

A–E, Gd-BOPTA was the contrast agent used.
F–J, Gd-DTPA was the contrast agent used.
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Inductively Coupled Plasma Study
Gadolinium concentration in brain tumor and

blood peaked 5 minutes after administration of 0.1
mmol/kg of either Gd-BOPTA or Gd-DTPA, and
both decreased continuously from 5 minutes to 2
hours afterward. Both brain tissue specimens had a
low gadolinium concentration and showed slowly de-
creased speed (Figs 3 and 4). However, a higher
gadolinium concentration was observed in brain tu-
mor tissue at 5 minutes in the Gd-BOPTA group, and
the higher concentration in comparison with the Gd-
DTPA group was retained until 2 hours (Table). This
could be described as the gadolinium concentration
ratio: concentration of gadolinium in brain tumor-
concentration of gadolinium in normal brain (BT/

NB). The Gd-BOPTA group had a high BT/NB
(24.50 � 1.08) compared with that of the Gd-DTPA
group (19.93 � 1.02) when 0.1 mmol/kg of the agent
was administered. Moreover, Gd-BOPTA retained a
higher BT/NB 2 hours after administration (16.00 �
1.07) compared with that for Gd-DTPA (11.87 �
1.06) (Fig 5). Both agents showed rapid elimination
from blood, although Gd-BOPTA had a higher gad-
olinium concentration. The gadolinium concentration
of other organs was highest in the kidney, followed by
that in the liver, then the blood, the spleen, brain
tumor, muscle, then peritumoral tissue and normal
brain. A significantly greater uptake of Gd-BOPTA
was observed 5 minutes after administration in tumor
samples compared with peritumoral tissue and nor-

Gadolinium concentration (�g/g) in rat organ tissue after IV 0.1 mmol/mL/kg gadobenate dimeglumine and gadopentetate dimeglumine

Tissue
Gd-BOPTA Gd-DTPA

5 Minutes 30 Minutes 1 Hour 2 Hours 5 Minutes 30 Minutes 1 Hour 2 Hours

Brain tumor 100.33 � 7.91 70.21 � 1.22 60.18 � 2.31 40.93 � 1.83 70.39 � 8.75 50.92 � 6.37 40.31 � 7.42 30.22 � 4.91
Peritumoral tissue 3.63 � 0.19 3.45 � 0.29 3.40 � 0.57 2.73 � 0.31 3.51 � 0.22 3.30 � 0.46 2.97 � 0.11 2.58 � 0.27
Normal brain 4.21 � 0.69 3.61 � 0.77 3.51 � 0.86 3.08 � 0.82 3.82 � 0.41 3.54 � 0.52 3.10 � 0.42 2.71 � 0.62
Blood 270.13 � 29.57 81.16 � 12.31 40.49 � 8.29 8.27 � 0.76 229.61 � 42.73 69.02 � 10.32 34.42 � 6.86 7.03 � 1.87
Liver 570.12 � 92.71 397.85 � 49.29 149.71 � 29.62 132.46 � 44.29 480.46 � 78.02 327.17 � 62.34 123.37 � 36.63 107.22 � 46.29
Kidney 897.28 � 62.01 730.65 � 88.72 590.47 � 70.91 420.16 � 82.66 843.23 � 97.34 793.17 � 54.71 612.23 � 82.67 452.17 � 93.68
Spleen 88.38 � 6.29 84.63 � 9.29 60.71 � 8.65 46.32 � 6.23 86.58 � 3.87 80.47 � 6.28 59.23 � 7.39 43.79 � 5.99
Muscle 87.15 � 11.87 57.68 � 10.21 14.32 � 2.76 5.37 � 0.27 79.17 � 2.38 48.79 � 8.66 11.73 � 2.83 4.86 � 0.78

FIG 3. Graphic representation of the gadolinium concentra-
tion in brain tissue in rats that received Gd-BOPTA. (Gd indi-
cates gadolinium; BT, brain tumor; PT, peritumoral tissue; NB,
normal brain.)
FIG 4. Graphic representation of gadolinium concentration in
brain tissue in rats that received Gd-DTPA.
FIG 5. Graphic comparison of BT/NB with Gd-BOPTA versus
that of Gd-DTPA.
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mal brain tissue, and gadolinium retained longer in
brain tumor tissue (until 2 hours with Gd-BOPTA
administration), whereas rapid elimination of Gd-
DTPA was seen (P � .05).

Discussion
In this study, the stronger enhancement in tumor

tissue on T1-weighted images after Gd-BOPTA ad-
ministration is consistent with a higher relaxation rate
of free water due to the higher relaxivity of this
chelate. On the basis of our findings (that Gd-
BOPTA showed stronger enhancement in brain tu-
mor, had a higher L/B ratio, and retained enhance-
ment longer than did Gd-DTPA), and because of its
low toxicity (6, 7), Gd-BOPTA would be a suitable
contrast agent for use in brain tumor MR imaging.
Normal brain enhancement was negligible in this
study. By using ex vivo brain examination, Mascalchi
et al (8) also proved no uptake in normal brain. This
is also an advantage of obtaining contrast enhance-
ment of tumor relative to normal brain.

In recent years, the therapeutic potential of gado-
linium-NCT (Gd-NCT) has been explored in experi-
mental models (9–14). Gd-DTPA, which has been
used in Gd-NCT trials, is eliminated rapidly from
tumor tissue after intravenous injection; therefore,
the neutrons have to be irradiated immediately after
intravenous administration (9). The rapid elimination
of gadolinium from tumor tissue during irradiation
depresses the therapeutic effect. A point for success
in current Gd-NCT trials is the use of a device by
which gadolinium can be delivered efficiently and
retained long enough inside the tumor tissue or cells
during thermal neutron irradiation. With Gd-BOPTA
administration, gadolinium can be retained for up to
2 hours in brain tumor. Whether Gd-BOPTA enters
into the brain cells remains unclear; nevertheless, it
might be possible, because Gd-BOPTA enters the
plasma membrane of hepatocytes, while Gd-DTPA
does not (15). If gadolinium is incorporated into the
cells, the radiation effect might be greater than from
the extracellular gadolinium compounds. Further re-
search with Gd-BOPTA for a Gd-NCT experiment is
planned.

Conclusion
Gd-BOPTA is a useful contrast agent for the MR

imaging of brain tumors. It might also be an effective

absorption agent for NCT, which is a topic for further
research.
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