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Abbreviations

ESR, electron spin resonance

FAZA, fluoroazomycinarabinofuranoside

BEMISO, fluoromisonidazole, ['*F] 1-(2-nitro-limidazolyl)-3-fluoro-2-propanol
HBO, hyperbaric oxygen

HPLC, high-pressure liquid chromatography

MISO, misonidazole

PET, positron emission tomography

RTOG, radiation therapy oncology group
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Abstract

Hypoxia in tumors can affect the outcome of chemotherapy and radiotherapy.

Misonidazole (MISO), a hypoxic cell sensitizer, is used in the treatment of certain types of

human tumors. The preferential toxicity of MISO to hypoxic cells is also of potential clinical

significance in cancer chemotherapy. Several studies also showed increased cytotoxicity for

normal tissues. In this review, I will discuss how MISO works to hypoxic cells and how to

detect metabolites of MISO [3].

Introduction

Htpoxia contributes to tumor progression, and limits the response of tumor to

radiotherapy and chemotherapy. Hypoxic cell sensitizers are groups of compounds that were

developed to mimic oxygen in their sensitization of hypoxic tumor cells. Like many nitro

compounds, for example, nitroimidazole, nitrofurans, and misonidazole. These compounds
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are more toxic to mammalian cells under hypoxic condition than with oxygen. Bioreductive
drugs undergo metabolic reduction to generate cytotoxic metabolites. These drugs also have
been used in cancer therapy, as radiosensitizers and as cytotoxic agents with selectivity for
hypoxic cells. The Radiation Therapy Oncology Group (RTOG) evaluated the use of the

hypoxic cell sensitizer, misonidazole, in combination with irradiation for patients.

Properties of misonidazole

Misonidazole (NSC # 261037, molecular formula: C;H;;N304, and molecular weight:
201.2) is a hypoxic cell radiosensitizer (Figure 1) [2]. A side effect of MISO is to induce
peripheral neuropathy in humans after exceeding a schedule-dependent cumulative threshold

dose.
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//\N/QOCH
N\( 3

NO,

Figure 1: Chemical structure of MISO.
The first step in the metabolism of nitro compounds is to reduce to corresponding nitro
anion radicals. This process is facilitated by flavoproteins such as xanthine oxidase and

NADPH-cytochrome P-450 reductase. Under aerobic conditions, nitro anion radicals reduce
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oxygen to superoxide and hydrogen peroxide [Reaction 1 and 2]. This can lead to the
production of hydroxyl radicals by Fenton reaction [Reaction 3]. In the other way, under
anaerobic conditions, these radicals can undergo reduction to form amines via nitroso and
hydroxylamine. Josephy et al. observed that ascorbate enhance the cytotoxicity of MISO in
Chinese hamster ovary cells. Because of reduction of the nitro group to form active
metabolites is a possible mechanism for the cytotoxicity of these drugs. In low oxygen, the
synergistic interaction between nitro compounds and ascrobate attributed to enhance cytoxic

effects in hypoxic mammalian cells [Reaction 4 and 5] [2, 4].

RNOO*"" RNOO

0, / > 0,

[Reaction 1]

SOD

20, +2H" » H,0,+ 0, [Reaction 2]
Fe*" + H,0, » Fe'" + OH +HO' [Reaction 3]
AH +RNO;, » RNO,  +A" +H' [Reaction 4]
2RNO," "+ 2H" » RNO,+RNO + H,0 [Reaction 5]

How to detect misonidazole metabolites

Like many nitro compounds, MISO is more toxic in hypoxic conditions than in the

presence of air. To detect the amine derivative and nitroreduction products bound to cellular

macromolecules. A sensitive high-pressure liquid chromatographic (HPLC) assay for the

detection and quantitation of the amine derivative of MISO in human urine is available.
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Absorbance 365nm is monitored for the detection of dansyl derivative (Figure 2). Otherwise,
the analyses were also performed by collection before and after the administration of MISO.

The results show that the amine is a urinary metabolite of MISO (Figure 3) [6, 7].
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Figure 3: HPLC separation of dansylation products of before (A) and after (B)
administration of MISO. The arrow indicated the dansylated amine [14].

How to detect the nitro anion radical of misonidazole
ESR (electron spin resonance), the measurement owes the magnetic properties of the
electron which is associated with the electron spin. The ESR spectrum of MISO anion radical

is well-resolved. This extremely resolved spectrum allowed us to obtain accurate hyperfine

splittings (Figure 4).
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Figure 4: The ESR spectrum of the nitro anion radical of MISO [2].

BFMISO for imaging tumor hypoxia

The assessment of tumor oxygenation before and after therapy is a helpful evaluation

of tumor response to treatment. The most encouraging way is non-invasive approach to detect
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tumor hypoxia. Using radiotracers selectively accumulate in hypoxic tumors and can be
applied together with functional PET will be an excellent way. Among the potential PET
hypoxia tracers, BEMISO is the most widely used PET radiotracer for imaging tumor
hypoxia. Over the past two decades, the radiolabeled MISO as a probe for quantifying
hypoxia in tumors was been used. FMISO, a radiofluorinated analogue of MISO, has been
successfullyused for imaging oxygen deficiency tumor with PET. Under a hypoxic
atmosphere for 20 min, the uptake of both '*FAZA and '"*FMISO increased significantly in
comparison to normoxic conditions. After 100 min incubation of tracer with cells, the
quotient of tracer cell uptake between hypoxia and normoxia further increased (Figure 5).
Many paper have demonstrated that "*FMISO uptake is significantly higher in tumor tissue

than normal tissue [11, 12].

= 1]
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Figure 5: Uptake of '®FAZA and "*FMISO in Walker 256 rat tumor cells maintained in
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normoxic (------ ) and hypoxic (—) atmosphere [11].

Summary

Hypoxic radioresistance is a real problem in solid tumors. It has been demonstrated to

be a problem after conventional fractionation. Some better results have been reported with the

combination of HBO and MISO than control groups, but not in all. These findings were

presented in several papers. This may explain in many ways. For example, HBO introduced

technical limitations to the radiotherapy delivery or the dose of MISO used was suboptimal

for sensitization because of dose-limiting neurotoxicity. Since MISO was not present in

tumors in sufficient concentration to be an effective radiosensitizer. We need the new

compounds appear sufficiently better than MISO to sensitizing hypoxic cells.

References

1. Chan P, Milosevic M, Fyles A, Carson J, Pintilie M, Rauth M, Thomas G. (2004) A phase
IIT randomized study of misonidazole plus radiation vs. radiation alone for cervix cancer.
Radiother Oncol. 70: 295-299.

2. DNR Rao, L Harman, A Motten, J Schreiber, RP Mason. (1987) Generation of radical
anion of nitrofurantoin, misonidazole, and metronidazole by ascorbate. Archives of
Biochemistry and Biophysics. 255: 419-427.

3. Fowler JF. (1985) Chemical modifiers of radiosensitivity-theory and reality: a review. Int
J Radiat Oncol Biol Phys. 11: 665-674.

4. Gaboriau F, Havouis R, Moulinoux JP, Delcros JG. (2003) Atmospheric pressure chemical

ionization-mass spectrometry method to improve the determination of dansylated



Annie Liu Misonidazole 9

10.

1.

12.

13.

polyamines. Anal Biochem. 318: 212-220.

Grigby PW, Winter K, Wasserman TH, Marcial V, Rotman M, Cooper J, Keys H, Asbell
SO, Phillips TL. (1999) Irradiation with or without misonidazole for patients with stages
IIIB and I'VA carcinoma of cervix: final results of RTOG 80-05. Int J Radiat Oncol Biol
Phys. 44: 513-517.

Hoskin PJ, Saunders MI, Disch S. (1999) Hypoxic radioseneitizers in radical radiotherapy
for patients with bladder carcinoma. Cancer. 86.: 1322-1328.

Markus R, Reutens DC, Kazui S, Read S, Wright P, Chambers BR. (2003) Topography
and temporal evolution of hypoxia viable tissue identified by '*f-fluoromisonidazole

positron emission tomography in human after ischemic stroke. Stroke. 34: 2646-2652.

. Mathias CJ, Welch MJ, Kilbourn MR, Jerabek PA, Patric TB, Raichle ME, Krohn KA,

Rasey JS, Shaw DW. (1987) Radiolabeled hypoxic cell sensitizers: tracers for assessment
if ischemia. Life Sciences. 41: 199-206.

RE Airley, JE Monaghan, 1J Stratford. (2000) Hypoxia and disease: opportunities for
novel diagnostic and therapeutic prodrug stragies. The Pharmaceutical Journal. 264:
666-673.

Siemann DW, Alliet KL, Macler LM. (1989) Manipulations in the oxygen transport
capacity of blood as a means of sensitizing tumors to radiation therapy. Int J Radiat Oncol
Biol Phys. 16: 1169-1172.

Sorger D, Patt M, Kumar P, Wiebe LI, Barthel H, Seese A, Dannenberg C, Tannapfel A,
Kluge R, Sabri O. (2003) ['*F]Fluoroazomycinarabinofuranoside (‘*FAZA) and
['*F]fluoromisonidazole ("*FMISO): a comparative study of their selective uptake in

hypoxic cells and PET imaging in experimental rat tumors. Nuclear Medicine and Biology.
30: 317-326.

Tochon-Danguy HJ, Sachinidis JI, Chan F, Chan JG, Hall C, Cher L, Stylli S, Hill J, Kaye
A, Scott AM. (2002) Imaging and quantitation of the hypoxic cells fraction of viable
tumor in an animal model of intracerebral high grade glioma using
['*F]fluoromisonidazole (FMISO). Nuclear Medicine and Biology. 29: 191-197.

Varghese AJ, Whitmore GF. (1984) Detection of a reactive metabolite of misonidazole in



Annie Liu Misonidazole 10

hypoxic mammalian cells. Radiat Res. 97: 262-271.

14. Varghese AJ. (1981) Detection of the amine derivative of misonidazole in human urine by

high-pressure liquid chromatograohy. Anal Biochem. 110: 197-200.



