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Background
[PubMed]

Hypoxia in malignant tumors is thought to be a major factor limiting the efficacy of 
chemotherapy and radiotherapy, and its accurate diagnosis is considered a very important 
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and urgent problem to address. This has led to the search and development of hypoxia-
targeted, non-invasive markers of tumor hypoxia. Among those markers, [18F]-labeled 
nitroimidazoles, used in conjunction with positron emission tomography (PET), offer an 
alternative that is less invasive and less prone to sampling error than the Eppendorf 
(oxygen) electrode method (1, 2).

Fluoromisonidazole ([18F]FMISO) is the most widely used nitroimidazole derivate used 
with PET. Novel 2-nitroimidazoles, such as [18F]FETA (3), [18F]FETNIM (4), 4-
Br[18F]FPN (5), [18F]EF1, and [18F]EF5 (6), are currently being investigated as potential 
markers of tumor hypoxia.

[18F]EF1 is a molecule comparable to [18F]FETA, with the exception that [18F]EF1 
carries an additional carbon on the side chain. [18F]EF1 is also a 3-monofluorinated 
analog of the pentafluorinated molecule EF5 (2-(2-nitro-1H-imidazol-1-yl)-N-(2,2,3,3,3-
[18F]pentafluoropropyl)acetamide), which is used for the measurement of hypoxia in 
immunohistochemistry (7) and flow cytometry (8).

The oxygen-dependent metabolism of nitroimidazoles is an intracellular process 
consisting of a series of one-electron reductions. The nitro-radical anion produced in the 
first reduction step is very reactive toward oxygen, leaving no substrate for the second step 
of the reduction process. In contrast, a low-oxygen environment induces further reductive 
reactions that ultimately lead to the formation of either reactive products that can 
covalently bind to cell components or to charged species that diffuse slowly out of the 
tissues (1). The reactive products observed during this multi-step process include nitroso 
(2e-), hydroxylamine (4e-), and amine (6e-) derivatives. When the fragmentation of the 
imidazole ring occurs, reactive portions of the molecule, such as glyoxal, bind to 
macromolecular components of cells in tissues and tumors (2).

Synthesis
[PubMed]

Two modes of synthesis for [18F]EF1 were reported in 1999 by Kachur et al. (9).

In the first mode, EF1 is synthesized from EBr1 by a nucleophilic substitution of bromine 
by fluorine using potassium Kryptofix 222 fluoride in dimethyl sulfoxide (DMSO). EBr1 is 
prepared from 2-(2-nitroimidazol-1H-yl)-acetic acid and 3-bromopropylamine 
hydrobromide using the mixed anhydride reaction with isobutyl chloroformate (10). After 
dissolution in acetonitrile (MeCN) and storage over molecular sieves, the mixture is 
cooled to 0ºC under argon and stirred with an addition of isobutylchloroformate. A 
solution of 3-bromopropylamine hydrobromide (219 mg, 1 mmol) and 140 μl of NEt3 (1 
mmol) in 5 ml of MeCN is then added. After stirring, cooling to 0°C, and centrifugation, 
the resulting precipitate of NEt3H+Cl− is extracted and dried at room temperature. The 
final product, EBr1, is then recrystallized from hexane/EtOAc (10:1 ratio) and dried over 
molecular sieves. EBr1 is obtained with a yield of approximately 70%.
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In the second mode, EF1 is prepared by following the protocol used for EBr1 described 
above, except that an equivalent quantity of 3-fluoro- instead of 3-bromopropylamine is 
used. In this case, the C–F bond in EF1 (which is not hydrolyzed) reacts with an excess of 
triethylamine (unlike the C–Br bond in EBr1). In this second method, the reaction 
conditions and separation procedure are different: a 2-fold excess of triethylamine is used 
in the reaction, and the dried reaction mixture, after centrifugation, is dissolved in dry 
EtOAc. After evaporation and dissolution of the residue in CHCl3, EF1 is extracted by 
H2O, and the aqueous layers are then combined and lyophilized. The yield is 
approximately 15% pure EF1.

The preparation of the radioactive carrier is performed by using [18F]fluoride, obtained 
by the 18O(p,n) 18F reaction using 18O-enriched water. Details for this preparation are 
reported by Kachur et al. (9).

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

No publication is currently available.

Animal Studies

Rodents
[PubMed]

Evans et al. (11) showed the ability of [18F]EF1 to differentiate hypoxic versus aerobic 
tumors in rodents, using the hypoxic Morris 7777 (Q7) hepatoma tumor type and the oxic 
9LF glioma tumor model. The experimental procedure involved injecting intravenously 
approximately 1.9 MBq (0.05 mCi) of [18F]EF1 (1% of the animal’s weight), 3 mM of the 
carrier EF1,and 7 mM EF3 (2-(2-nitro-1H-imidazol-1-yl)-N-(2,2,3,3,3-
[18F]trifluoropropyl)acetamide). The specific activity of [18F]EF1 for injection was 5.6 × 
104 MBq/mol (1.51 × 103 mCi/mol).

The use of an excess of the carrier drug EF1 and EF3 made it possible to make an 
independent assessment of the drug biodistribution by more conventional means (e.g., 
high-performance liquid chromatography (HPLC)), as well as making an 
immunohistochemical detection of intracellular EF1/EF3 adducts in the tumors using 
EF3-specific antibodies. Biodistribution of [18F]EF1 was also performed in non-tumor-
bearing mice, as a reference. After positron emission tomography (PET) studies, the 
tissues for all animals were removed and analyzed by γ-counting at 1, 5, 90, and 120 min 
after injection.

Results showed that for both rat tumor types, low retention of [18F]EF1 was obtained in 
muscle, heart, spleen and brain, whereas significantly higher levels were found in tumor 
and bone (tibia). γ-counts of excised organs and tissues were measured at 90 min after 
injection, and their uptake was expressed as a percentage of injected activity per gram of 
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sample (% ID/g). The following results (% ID/g) were found for muscle, heart, spleen, 
brain, tumor, and bone (tibia), respectively (all values are x 10−3): for Q7 tumors, 2.5, 1.5, 
3.0, 1.5, 6.5, and 13; for 9LF tumors, 1.5, 1.0, 1.8, 0.6, 2.5, and 12 (11).

Studies using normal mice showed a rapid decrease of activity in all organs except bone 
(tibia), likely reflecting a bone contamination by [18F]F- and a very substantial increase of 
urine activity by 90 min after injection (0.6 fraction ID/g). For Q7 tumors, the tumor-to-
muscle ratio (T/M) initially decreased (from approximately 2.0 at 10 min after injection to 
1.7 at 50 min) and then increased (to approximately 2.4) to reach a plateau 125 min after 
injection. In contrast, the T/M ratio for 9L tumors never exceeded 1.0, and a steady 
decrease was observed over time (11).

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.
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