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Abstract

The aim of this study was to demonstrate the accumulation of 131I-labeled ornidazole (131I-ORN) in experimental
abscesses. 131I-ORN was prepared by electrophilic radioiodination of ORN, using radioiodide in the presence of
Iodogen1. An in vivo in¯ammation model was prepared by intramuscular injection of turpentine into the thigh of

rabbits. Four days later 131I-ORN was intravenously administered to rabbits. Serial scintigrams were performed at
di�erent periods, using a Sophy DX Gamma Camera. 131I-ORN was visualized at 10 min after injection. 131I-ORN
was also administered intraperitoneally to rats with turpentine-induced in¯ammation, for quantitative

biodistribution studies. Counts of selected tissues were taken by a NaI(Tl) scintillation detector (gamma counter)
after rats were decapitated. The target-to-non-target muscle ratios were 2.5, 2.6, 2.9 and 1.9 at 1, 3, 5 and 24 h,
respectively. 7 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

In¯ammatory diseases and infections such as sepsis

or abscess in various parts of body can be successfully
detected by nuclear medicine imaging with some radio-

pharmaceuticals. [67Ga] Gallium citrate is most com-

monly used for this diagnosis, with whole body

imaging at 24, 48 and sometimes 72 h after injection of
the radiotracer (Brunetti et al., 1994; Rubin and Fisch-

man, 1996). 111In-labelled leukocytes are also used for

the detection of in¯ammatory diseases such as
abscesses (Thakur et al., 1977). 99Tcm-citrate has been

used for the scintigraphic visualization of in¯ammatory

lesions and pancreatitis (Ercan et al., 1993). Promising

new agents for scintigraphic detection of infection and

in¯ammation include labeled liposomes, which have
been widely studied for achieving controlled drug
delivery and for imaging purposes. Conventional lipo-

somes are rapidly cleared from the circulation by pha-
gocytic cells of the mononuclear phagocyte system
(MPS) (Karlowsky and Zhanel, 1992), therefore their
use for diagnostic imaging is limited. However, 99Tcm

Stealth1 liposomes preferentially accumulate in
abscesses, leading to very high target-to-non-target
ratios (Oyen et al., 1996).

Ornidazole, a 5-nitroimidazole, sensitizes anoxic bac-
teria to the killing e�ects of gamma radiation almost
as e�ciently as 2-nitro derivatives (Jokipii and Jokipii,

1981). Nitroimidazoles, including metronidazole, tini-
dazole and ornidazole, are low molecular weight anti-
microbial compounds with excellent activity against

anaerobic microorganisms. Clinical studies have shown
nitroimidazoles to be e�cacious in the therapy of a
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variety of anaerobic infections including non-traumatic
brain abscess, intraabdominal abscesses, pelvic sup-

puration and necrotizing soft tissue infections (Tally et
al., 1981).
In this study, 131I-labeled ornidazole was investi-

gated as a useful radiopharmaceutical to image exper-
imental in¯ammatory lesions in animals.

2. Materials and methods

Ornidazole (1-chloro-3-(2-methyl-5-nitroimidazol-1-
yl)propan-2-ol) was obtained from Roche (Germany)

and Na 131I was provided by the Department of
Nuclear Medicine (Ege University, Turkey). All chemi-
cals used were analytical grade, and ornidazole was
pharmaceutical grade.

2.1. Radiolabeling

The radiolabeling of 131I-ORN was performed using
a procedure reported elsewhere (Asikoglu et al., 1998).
Brie¯y, ornidazole (0.010 g) in ethanol (100 mL) was

added into an Iodogen-coated tube. Na131I (50 mL of
NaOH solution containing 37±111 MB1/1±3 mCi 131I)
was added to this reaction mixture, the tube was
capped and incubated at room temperature for 25 min,

and then Na2SO3 (100 mL; 0.2 N) solution was added
to reduce the remaining (non-reacted) iodine. The ®nal
product was sterilized by ®ltration through a 0.22 mm
®lter. The radiolabeling yield, determined by ITLC
(cellulose F, 4:2:1 v/v/v n-butanol/water/acetic acid, Rf

0.07±0.17; 2:1:1 v/v/v isopropyl alcohol/n-butanol/0.2

N ammonium hydroxide, Rf 0.08±0.25), was always
greater than 91%.

2.2. Imaging studies

Three male rabbits (2±3 kg) were used. A sterile in-
¯ammation was induced by injection of turpentine (0.5

mL) into the right thigh muscle. Four days later 131I-
ORN (400 mCi) was injected intravenously (I.V.) via
an earlobe vein of the rabbit. Serial scintigrams were

performed at 1, 2, 3, 4, 5, 10, 15, 30, 45 and 60 min,
and 3 and 14 h after injection.

2.3. Biodistribution studies

Twelve male rats were used for quantitative biodis-
tribution studies. Sterile in¯ammation was induced by

injection of turpentine (0.15 mL) into the right thigh
muscle of ether-anaesthetized rats. Four days later,
131I-ORN (400 mCi) was injected intraperitoneally

(I.P.). Three rats of each group were sacri®ced by de-
capitation under ether anesthesia at 1, 3, 5 and 24 h
after injection, respectively. Blood samples were col-

lected at the time of decapitation. Both thighs (right
thigh muscle as target, left thigh muscle as control)

and organs (lungs, heart, liver, spleen and kidneys)
were dissected, weighed and their radioactivity
measured using a well-type NaI (Tl) scintillation detec-

tor and a multi-channel analyzer set for 364 keV g
photons. Results were expressed as % of the injected
dose per gram tissue (%ID/g).

3. Results and discussion

Whole-body images (not shown) of 131I-ORN in rab-
bits at di�erent times after I.V. injection depicted rapid
distribution throughout the body, and uptake in the

in¯amed area was observed within the ®rst 10 min.
Biodistribution data for 131I-ORN in rats following
I.P. administration are shown in Table 1. There were

marked increases in uptake of radioactivity in target
tissue and organs within 3 h. The target-to-non-target
ratios were 2.5, 2.6, 2.9 and 1.9, at 1, 3, 5 and 24 h, re-

spectively. Radionuclide imaging with 67Ga citrate and
radiolabeled leukocytes or 111In-labeled nonspeci®c
polyclonal IgG has been relatively successful for the

detection of early in¯ammation. These techniques have
required 18±24 h between injection and imaging to
detect sites of in¯ammation (Rubin and Fischman,
1996). Our study showed that the accumulation of
131I-ORN was rapid, whereas another study showed
that uptake rates of 67Ga in abscesses increased with
time after injection of turpentine and reached a plateau

within 5±7 days. Ten minutes, 24 and 72 h 67Ga
uptakes in abscesses were 0.92, 3.3 and 5.6%ID/g, re-
spectively (Nitta et al., 1983). One, 3, 5 and 24 h fol-

lowing injection of 131I-ORN in in¯amed thighs,
accumulated radioactivity accounted for 2.120.5, 3.1
2 0.7, 2.4 2 0.9, and 0.7 2 0.4%ID/g, respectively.
There are other radiopharmaceuticals that show high

target-to-non-target ratios. For example, 99mTc-lipo-
somes accumulated in infectious and in¯ammatory

Table 1

Biodistribution results from 131I-ORN in rats �n � 3)

%ID/g of tissue (mean2S.D.)

Organ 1 h 3 h 5 h 24 h

In¯amed thigh 2.120.5 3.120.7 2.420.9 0.720.4

Control thigh 0.820.3 1.220.3 0.820.4 0.320.2

Lungs 2.420.1 3.420.6 3.120.4 1.020.1

Heart 1.62 0.2 2.020.1 1.920.5 0.320.0

Liver 1.920.4 3.420.2 2.92 0.4 0.820.1

Spleen 2.020.2 2.120.2 2.520.3 0.820.1

Kidneys 2.620.6 4.420.2 3.120.7 0.820.1

Blood 4.521.0 4.320.2 3.820.0 1.020.1
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muscle foci over 24 h (0.59%ID/g for S. aureus;
1.18%ID/g for turpentine) and abscess-to-muscle ratios

increased to 24.0, 41.7 and 44.5 for the respective
models at 24 h postinjection (Oyen et al., 1996). How-
ever, 131I-ORN has some advantages over other agents:

it is inexpensive, its preparation is simple, its labeling
e�ciency is high, and its accumulation at the target
site is rapid. The lesion accumulation data reported in

this study support the conclusion that 131I-ORN is a
potential in¯ammation-seeking agent that worthy
further evaluation.

References

Asikoglu, M., Yurt, F., UÈ nak, P., 1998. Labeling of ornida-

zole with iodine-131. J. Radioanal. Nucl. Chem. 237, 143±

145.

Brunetti, A., Mangoni, S.M.L., Chirianni, A., Bonadies, G.,

Celentano, L., Foggia, M., Tedeschi, E., Cataldo, P.T.,

Piazza, M., Salvatore, M., 1994. Scintigraphy with gal-

lium-67 citrate in patients with AIDS: pathologic extrapul-

monary uptake. Radiol. Med. Torino 87, 683±687.

Ercan, M.T., Aras, T., Aldahr, A.M.S., Unlenen, E., Mocan,

G., Bekdik, C.F., 1993. Scintigraphic visualization of acute

pancreatitis in cats with 99Tcm-citrate. Nucl. Med. Com.

14, 798±804.

Jokipii, A.M., Jokipii, L., 1981. Metronidazole, tinidazole,

ornidazole and anaerobic infections of the middle ear,

maxillary sinus and central nervous system. Scand. J.

Infect. Dis. Suppl. 26, 123±129.

Karlowsky, J.A., Zhanel, G.G., 1992. Concepts on the use of

liposomal antimicrobial agents: applications for aminogly-

cosides. Clin. Infect. Dis. 15, 654±667.

Nitta, K., Ando, A., Ando, I., Hiraki, T., Ogawa, H., Hisada,

K., 1983. In vivo uptake of Ga-67 citrate by an experimen-

tal abscess and the mechanism of Ga-67 uptake.

Radioisotopes 32, 485±490.

Oyen, W.J.G., Boerman, O.C., Storm, G., et al., 1996.

Detecting infection and in¯ammation with Technetium-

99m-labeled Stealth1 Liposomes. J. Nucl. Med. 37, 1392±

1397.

Rubin, R.H., Fischman, A.J., 1996. Radionuclide imaging of

infection in the immunocompromised host. Clin. Infect.

Dis. 22, 414±423.

Tally, F.P., Goldin, B., Sullivan, N.E., 1981. Nitroimidazoles:

in vitro activity and e�cacy in anaerobic infections.

Scand. J. Infect. Dis. Suppl. 26, 46±53.

Thakur, M.L., Coleman, R.E., Welch, M.J., 1977. Indium-

111-labelled leukocytes for the localization of abscesses:

preparation, analysis, tissue distribution and comparison

with gallium-67 citrate in dogs. J. Lab. Clin. Med. 82,

217±228.

M. Asikoglu et al. / Applied Radiation and Isotopes 53 (2000) 411±413 413


