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Studies: I Click on above structure for information in PubChem.
o Invitro

o Rodents

Background
[PubMed]

Bisphosphonates (BPs; also known as diphosphonates), such as methylene diphosphonate
(MDP) and zoledronic acid, can be labeled with technetium-99m ([?°™Tc]-BPs) for use in
bone scintigraphy to detect osteoporosis and other skeletal-related events (SREs),
including bone metastases (1). These chemicals are known to promote osteoclast
apoptosis and have a strong affinity for hydroxyapatite, a component of the bone matrix.
The exact mechanism of action of these bone-seeking compounds is described in detail
elsewhere (2-4). Although these labeled compounds have a high sensitivity, selectivity, and
accuracy for the detection of SREs, they are known to generate some false positive and
false negative results in the clinic (5). [18F]-Fluoride is another nuclide that is commonly
used for bone imaging with positron emission tomography (PET) and is believed to be
superior to [?9MTc]-BPs for the diagnosis of SREs (6); however, the main limitations of
using 18F are the high cost of production and the requirement of a cyclotron to produce it
(5). In an effort to develop an imaging compound that does not have the limitations of
tracers currently used to detect SREs with scintigraphy or PET, Suzuki et al. developed a
bisphosphonate labeled with ©8Ga, which has been shown to be potentially useful for the
PET imaging of the skeletal system (5).

The main advantage of using 68Ga (half-life = 68 min; Bt =89%; E+pmax = 1.9 MeV) for
bone imaging over either 22™MTc (half-life = 6 h; y* = 100%; E+ymax = 140 keV) or 18p
(half-life = ~110 min; p* = 97%; E+pmax = 0.635 MeV) as a radiolabel is that ®8Ga can be
produced economically on-site with a ®8Ge/98Ga generator (5). Suzuki et al. coupled a BP
with 1,4,7-triazacyclononane-1,4-7-triacetic acid (NOTA-BP) and labeled the product
with ©8Ga to obtain [08Ga]-NOTA-BP (5). The investigators then compared the
biodistribution of [®3Ga]-NOTA-BP with that of [??™Tc]-methylene diphosphonate
([°°MTc]-MDP) and [18F]fluoride in rats. [8Ga]-NOTA-BP was also evaluated for the
imaging of osteolytic bone metastasis in mice.

1 National Center for Biotechnology Information, NLM, Bethesda, MD 20894; Email:
micad@ncbi.nlm.nih.gov.

NLM Citation: Chopra A. 68Ga-Labeled 2-[4,7-di(carboxymethyl)-1,4,7-triazonan-1-yl]-5-[(4-
hydroxy-4,4-diphosphonobutyl)amino]-5-oxopentanoic acid (NOTA-bisphosphonate (BP)). 2011
Dec 7 [Updated 2011 Dec 27]. In: Molecular Imaging and Contrast Agent Database (MICAD)
[Internet]. Bethesda (MD): National Center for Biotechnology Information (US); 2004-2013.
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Protein and mRNA sequence of human farnesyl diphosphate synthase

Gene information regarding human farnesyl diphosphate synthase (GenelD: 2224)

Farnesyl diphosphate synthase in Online Mendelian Inheritance in Man (OMIM)
database

Structure of farnesyl diphosphate synthase complexed with a bisphosphonate

Farnesyl diphosphate synthase in Kyoto Encyclopedia of Genes and Genomes (KEGG)
Pathways

Clinical trials with bisphosphonates (or diphosphonates)

Synthesis
[PubMed]

The synthesis of NOTA-BP and its labeling with ®3Ga have been described by Suzuki et al.
(5). The radiochemical purity (RCP) of the labeled product was >95% as determined with
radio thin-layer chromatography (RTLC; Rr= 0.3-0.4). The radiochemical yield (RCY)
and specific activity of the final labeled product were not reported.

[99MTc]-MDP and 18F were obtained from commercial or academic sources, but the RCP,
RCY, and specific activity of these labeled products were not mentioned (5).

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

Using a hydroxyapatite (HA) binding assay, the Byax and Kq of [°8Ga]-NOTA-BP,
[?9MTc]-MDP, and 14C-pamadronic acid were determined to be 14.37 nmol/mg and
0.0937 uM, 53.98 nmol/mg and 0.4898 pM, and 53.88 nmol/mg and 0.3066 uM,
respectively (5). This indicated that [68Ga]-NOTA-BP had a higher affinity for HA than
either [2°™MTc]-MDP or 14C-pamadronic acid, but [68Ga]-NOTA-BP had a lower Bmax
than the latter two labeled compounds.

[68Ga]-NOTA-BP was reported to maintain a radiochemical purity of 95% (as determined
with RTLC) when incubated with rat plasma for up to 3 h at 37°C (5).

The distribution of different concentrations (10 nM, 1.0 pM, and 3.7 uM) of [68Ga]-
NOTA-BP, [?°MT¢]-MDP, and [18F]fluoride in the blood cells of rats after a 30 min
incubation at 37° C was investigated by Suzuki et al. (5). The proportion of [68Ga]-
NOTA-BP in the blood cells was 6.5%-8.4%, which was comparable to that of [99mTc]-
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MDP (7.1%-10.2%) but significantly lower (P < 0.05) than that of [18F]fluoride (29.1%-
29.7%).

Animal Studies

Rodents
[PubMed]

The biodistribution of [08Ga]-NOTA-BP (1 = 6 animals), [?™Tc]-MDP (1 = 7 animals),
and !8F (n = 4 animals) was studied in normal Wistar rats as described by Suzuki et al.
(5). Each rat was intravenously injected with 1.0-4.0 MBq (27-104 uCi) of the labeled
compound, and the rodents were euthanized 2 h after administration to determine the
amount of radioactivity accumulated in the various tissues, including the bone (tibia and
fibula). Data obtained from the study were presented as percent of injected dose per gram
tissue (% ID/g). The amount of radioactivity in the blood from [®8Ga]-NOTA-BP,
[99MTc]-MDP, and 18F was 0.004 + 0.0005% ID/g, 0.02 + 0.005 (P < 0.05), and 0.01
+0.001% ID/g, respectively (P < 0.05), indicating that 13F was cleared rapidly from
circulation compared to the other two tracers. In the muscle, the accumulation of label
from [08Ga]-NOTA-BP, [**™MTc]-MDP, and 18F was 0.002 + 0.0001% ID/g, 0.006

+ 0.0008% ID/g (P < 0.05), and 0.004 + 0.0004% ID/g (P < 0.05), respectively, indicating
that the accumulation of tracer from [®8Ga]-NOTA-BP in the muscle was significantly
lower than that from either [??™Tc]-MDP or !8E The accumulation of radioactivity from
[68Ga]-NOTA-BP, [?°MTc]-MDP, and 18F in the bone was 0.47 + 0.21% ID/g, 0.41
+0.21% ID/g (P < 0.05), and 0.69 + 0.22% ID/g (P < 0.05), respectively, showing that the
uptake of 18F by the bone was significantly higher than that of either [®3Ga]-NOTA-BP or
[?9MTc]-MDP. The bone/muscle uptake (B/M) ratios for [68Ga]-NOTA-BP, [?2™MTc]-
MDBP, and !8F were 2,048 + 107, 747 + 107 (P < 0.05), and 1,798 + 206, respectively,
show{iSng that the B/M ratio of [®3Ga]-NOTA-BP was superior to that of [*™Tc]-MDP
and "°F

Using severe combined immunodeficient mice with osteolytic bone metastasis (n = 3
mice), the imaging potential of [68Ga]-NOTA-BP was compared with that of [99mTc]-
MDP (5). Each animal was injected with 6.04-8.36 MBq (163-225 uCi) [°8Ga]-NOTA-BP,
and microPET images were acquired from the mice (under anesthesia) 1 h later. One day
later, the same animals were injected with 18.0-19.5 MBq (489-526 pCi) [99mTc]-MDP,
and gamma micro-single photon emission computed tomography (SPECT) planar images
were obtained from the mice (under anesthesia) at 3.0-3.25 h after injection. A high
accumulation of both tracers was observed at the osteolytic lesion on the right tibia of the
animals; however, microPET images obtained with [68Ga]-NOTA-BP showed a higher
resolution than the micro-SPECT planar images acquired with [??™Tc]-MDP.

From these studies, the investigators concluded that [68Ga]-NOTA-BP can be used for the
detection of osseous metastasis in mice, but further work is necessary before this agent
can be used for the imaging of such lesions in humans (5).
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Other Non-Primate Mammals
[PubMed]

No publication is currently available.

Non-Human Primates
[PubMed]

No publication is currently available.

Human Studies
[PubMed]

No publication is currently available.

Supplemental Information

[Disclaimers]

No information is currently available.
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