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Summary. The hypoxic cell radiosensitizer [2-14C] pimon- 
idazole (2-nitro-a-(piperidinomethyl)-l-imidazole ethanol) 
was injected i.p. into pigmented mice and rats bearing 
transplanted rhabdomyosarcoma. The injected dose level 
was 200 mg/kg, and the delivered activity was 96 p~Ci/kg. 
Whole-body autoradiography was carried out on all ani- 
mals. We noted an extensive whole-body distribution of 
radioactivity. At short intervals, the autoradiograms were 
characterized by an accumulation of radioactivity in the 
metabolic and excretory organs (liver, kidney, urinary 
tract, and intestinal content) as well as in lymphomyeloid 
tissues (thyroid gland, suprarenal gland, and hypophysis) 
and salivary glands. In pigmented mice, the uveal and bil- 
iary tracts were the highest labelled. The liver and particu- 
larly the renal medulla were identified as sites of retention 
of radioactivity. In the tumor the radioactivity was detect- 
ed only in peripheral regions, with higher uptake in viable 
zones than in necrotic islets. 

Introduction 

Over the past few years, a number of substituted 2-nitro- 
imidazoles have been developed as radiosensitizers for the 
treatment of cancer [16]. Pimonidazole (Ro 03-8799) (2-ni- 
tro-a-(piperidinomethyl)-l-imidazole ethanol) is a potent, 
basic, hypoxic cell radiosensitizer [13] currently undergo- 
ing clinical trials [4]. It has shown a high distribution 
volume and accumulation in tissues including tumors [14]. 
When compared with misonidazole (MISO) - the first 
2-nitro-imidazole studied as a radiosensitizer [14] - pi- 
monidazole has been shown to be up to 2-3  times as effec- 
tive as MISO [6]. 

This paper describes the distribution of [14C] pimonida- 
zole by whole-body autoradiography in rhabdomyosarco- 
ma-bearing rats and pigmented mice. The results permit 
the localization of radioactivity within organs and the de- 
termination of the route of elimination; they are compared 
with those previously obtained with MISO [1]. 
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Materials and methods 

Chemical. [2-14C l Pimonidazole (specific activity, 0.48 txCi/ 
rag) was obtained from Roche Laboratories (Welwyn Gar- 
den City, England). The drug was dissolved in a 0.9% 
NaC1 solution to give a concentration of 10 mg/ml. 

Before its use, the radiochemical purity of the labelled 
compound was determined by thin-layer chromatography 
in a chloroform/ethanol/20% ammonia solution mixture 
(85: I5: l v/v); it was found to be 98%. 

Animals. All conventional animals were caged separately 
and fed ad lib. They were given [2-14C] Ro 03-8799 i.p. at 
0.200 g/g body weight, and the delivered activity was 
96 p~Ci/kg. 

Mice: The study was carried out on male C57 mice (sup- 
plied by C.E.R.J., France) weighing 20-30 g, which were 
sacrified 5, 15, and 30 min and 1, 2, 8, 12, and 24 h after 
treatment. 

Rats: Male WAG rhabdomyosarcoma-bearing rats (sup- 
plied by Centre d'Elevage, C.N.R.S., Orl6ans, France) 
weighing 200-250 g were used. Solid tumors were pro- 
duced by s.c. injection in the flank region of a cell suspen- 
sion (0.3 ml at 10 7 cells/ml) obtained from a rhabdomyo- 
sarcoma induced by Ni3S2 [17]. 

Autoradiography. All animals were prepared for whole- 
body autoradiography [18]. First, they were frozen by rap- 
id immersion in a freezing medium composed of metha- 
nol and dry ice. They were then embedded in a 10% aque- 
ous solution of carboxymethylcellulose and frozen such 
that a film support formed all around the carcass. The 
frozen animals were cut sagittally until an appropriate sec- 
tion appeared. Whole-body sagittal sections were then ob- 
tained with either a Leitz 1300 k cryomicrotome or a PMV 
450 semiautomatic microtome. Before each section was 
collected, adhesive tape was fixed to the surface of the ani- 
mal to be sectioned. The microtome stage was then moved 
and a 20-p~m-thick section was obtained on the adhesive 
tape. After the sections had been collected, they were dried 
by storage overnight at - 2 0 ° C  in a cryostat. The dried 
sections were then pressed directly against a single-coated 
X-ray film (Kodak Kodirex) in a light-tight bag and stored 
at - 30 ° C. At the end of a 1-month exposure period, the 
section and the film were separated. The former was 



stained when necessary with Mayer's hematoxylin for his- 
tological examination; the latter was developed, fixed, and 
rinsed. All of these operations were carried out in well-de- 
fined, identical conditions to produce autoradiograms that 
could be compared. 

Sections were also obtained from animals injected with 
unlabelled pimonidazole. These control sections were pre- 
pared by the same procedure and pressed against Kodak 
Kodirex X-ray film to verify that no positive or negative 
chemography occurred with this film under the conditions 
of our experiments. 

Histological determinations of different tissues and of 
viable or necrotic tumor areas were done under an optic 
microscope by an examination of the section stained with 
Mayer's hematoxylin. 

Results 

The tissue distribution patterns of radioactivity were simi- 
lar in both animal species. Unless otherwise stated, the dis- 
tribution pattern is described for the rat. 

[14C] was rapidly absorbed from the peritoneal cavity 
and widely distributed throughout the body. A degree of 
tissue localization, probably reflecting the metabolic and 
excretory pathways, was observed in all animals. In addi- 
tion, radioactivity was registered in tissues belonging to 
the lymphomyeloid and endocrinal or reproductive sys- 
tems as well as in bone, the central nervous system, pig- 
mented tissues, and the rhabdomyosarcoma. 

Blood 

The radioactivity appeared in the bloodstream after 5 min 
(Fig. 1 A) but was relatively weak at all times, 

Metabolic excretory organs 

The concentration of the radioactivity in the liver reached 
a high level immediately after the injection (Fig. 1 A). Ra- 
dioactivity in the liver remained high for up to 4 h  
(Fig. 1 E) and could still be detected 2 days after injection 
(Fig. 1 H). After 2 h (Fig. 1 D), particularly in the liver, 
[14C] appeared in a mottled pattern, probably reflecting a 
hepatic parenchymal distribution, as the conjunctive tissue 
was not labelled. 

In mice (Fig. 2), the bile duct was strongly labelled af- 
ter 5 min (Fig. 2A) and the radioactive intensity was still 
increasing 8 h after injection (Fig. 2 F). 

Similarly, the content of  the gastrointestinal tract was 
very strongly labelled (Fig. 1), and even after 48h 
(Fig. 1 H) the radioactivity was high. In the intestinal mu- 
cosa (Fig. 1), the activity was almost of the same order of 
magnitude as in the liver. A short time after the injection, a 
very high level of radioactivity also appeared in the kidney 
and urinary tract. A high concentration was registered up 
to at least 2 h (Fig. 1 D) and remained in the renal medulla 
up to 24 h (Fig. 1 G). 

Lymphoid system 

The thymus accumulated a relatively high amount of ra- 
dioactivity at short intervals (5 rain to 1 h) (Fig. 3 E). The 
spleen was also identified as an organ that accumulated a 
relatively high level of isotope at the same intervals 
(Fig. 3 C). No preferential localization was noticed within 
these tissues. 
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Endocrinal and reproductive tissue 

A rather high uptake of radioactivity was observed in en- 
docrinal tissues. The most accentuated uptake was noticed 
in the thyroid gland (Fig. 3 A), and the radioactivity was 
still visible up to 16 h after injection (Fig. 1 F). In the hypo- 
physis (Fig. 3 B) and adrenal cortex (Fig. 3 B), the radioac- 
tivity was slightly weaker than in the thyroid. Although the 
activity in the adrenal medulla was weaker than in the cor- 
tex 30 rain after injection (Fig. 3 G), after 4 h the radioac- 
tivity was similar in both parts of the gland (Fig. 4E). 

The level of uptake in the reproductive tract was high, 
particularly in the epididymis, at short intervals (30 min to 
1 h) (Figs. 1 B, C). The testicular interstitial tissue was ra- 
diolabelled but the level was lower than in the epididymis. In 
contrast, the radioactivity was more persistent in the testis 
(Fig. 1 F). 

Central nervous system (CNS) 

The labelled isotope rapidly penetrated the blood-brain 
barrier. The radioactivity was greater in the brain than in 
the blood, and the [14C] accumulation was higher in the 
gray matter (Fig. 1 B), particularly within the cerebellum 
(Fig. 3 B 2). 

Pigmented tissues 

Whereas no accumulation was found in the eyes of albi- 
nos, in pigmented mice the uptake in the uveal tract was 
very high, exceeding that of any other tissue at any time 
(Fig. 4), except the biliary tract. This radioactivity did not 
seem to persist after 12 h. Similar but lower accumulation 
was also seen in Harder's glands. On the other hand, the 
isotope was present in the hair follicles of pigmented mice. 

Other tissues 

A weak retention of radioactivity in the lung, muscle, and 
bone marrow was seen, but this had almost disappeared 
after 24 h. Nevertheless, this activity was always higher 
than that in the blood. On the other hand, the broncheal 
tissue (Fig. 3 D) and the salivary gland were strongly la- 
belled (Fig. 3 B). 

Rhabdomyosarcoma tissue 

The radioactivity penetrated very quickly into the tumors, 
but the distribution was heterogenous (Fig. 5). The region- 
al distribution depended on the histology. 

In the core region, the radioactivity was detected only 
after 4 h (Fig. 5 D). This area was necrotic and sometimes 
cystic. In the presence of cysts no radioactivity was 
detected. 

In the peripheral region, the distribution of the ra- 
dioactivity was related to cellular heterogeneity. Histological 
examination showed viable cells surrounding necrotic is- 
lets. The radioactivity was higher in viable areas and more 
concentrated than in muscle. In necrotic regions the level 
of radioactivity was lower than in the viable regions. 

Discussion 

The results described above show the rapid and wide- 
spread distribution of the radioactivity originating from 
[14C] pimonidazole. As early as 5 rain after the injection, 
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Fig. 1. Whole-body autoradiograms of rats bearing rhabdomyosarcoma tumor injected with [14C] pimonidazole and sacrificed at: 
A, 5 min; B, 30 min; C, 1 h; D, 2 h; E, 4 h; F, 16 h; G, 24 h; H, 48 h. 1, brain; 2, muscle; 3, heart; 4, lung; 5, liver; 6, kidney; 7, tumor'. 
8, testis; 9, intestinal mucosa 
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Fig. 2. Whole-body autoradiograms of mice injected with [14C] pimonidazole and sacrificed at: A, 5 min; B, 15 min; C, 30 min; D, 1 h; 
E, 2 h; F, 8 h; G, 12 h ; H, 24 h. 1, eyes; 2, bile duct 

radioactivity was detected in all tissues. The distribution 
pattern showed a low level of radioactivity in the blood, 
extensive distribution of the isotope in tissues, and strong 
activity in the renal and biliary tracts. 

Although whole-body autoradiographic data are en- 
tirely qualitative, these results agree with previous phar- 
macokinetic observations [2, 10, 15]: a large volume of dis- 
tribution, high renal clearance, and hepatic metabolism to 
the N-oxide. However, the autoradiographic study also al- 
lows us to draw further conclusions about the tissues in 
which the radioisotope is retained. 

In the rat kidney, the radioactivity was first distributed 
uniformly between the cortical and medulla zones, where- 
as marked radioactivity remained only in the medulla after 
12 h. The same pattern has been observed with MISO [1], 
but only until 12 h. This probable fixation of the isotope in 
the medulla might be a sign of a possible nephrotoxic ef- 
fect of Pimonidazole or one of its metabolites. Indeed, an 
identical pattern has been observed with other xenobiotics 
known to be nephrotoxic, such as ethionin [7]. Neverthe- 
less, no durable radioactivity stayed in the mice renal me- 
dulla. 

The basic character of pimonidazol e (pka 8.71) [16] 
may perhaps explain the high concentration of the isotope 
in the stomach by ion trapping, as has been described for 
other basic compounds [8]. On the other hand, this basicity 
may also be related to a possible association with melanin 
[9]. We noticed an accumulation of radioactivity in the 
uveal tract and hair follicles. This finding might be related 

to the very high tumor/plasma ratios that have been ob- 
served in some melanomas [5, 11]. 

The passage of the isotope into the CNS was rapid and 
its concentration was greater than in the blood. This result 
differed from that previously obtained with MISO [1], 
where the brain and blood activities were similar. These 
differences have also been shown by HPLC [13]. While 
these compounds have a similar distribution coefficient 
(0.40 and 0.43, respectively, at pH 7.4) [16], the differences 
can be attributed to ion trapping of pimonidazole in the 
cerebral tissue, as in other tissues. 

High uptake was also seen in lymphomyeloid and en- 
docrinal tissues. The significance of these localizations was 
difficult to explain. 

A wide intratumoral variation in [14C] concentration 
was noted. In the core region, which corresponded to ne- 
crotic tissue with cyst fluid, limited or not radioactivity at 
all was detectable. Rich et al. [12] have shown that MISO 
concentration in the tumor was correlated inversely with 
the degree of necrosis. Blasberg et al. [3] have reported 
high MISO concentrations in the tumor periphery and low 
central values. The limited distribution in central tumor re- 
gions might be a result of relatively poor blood flow. 

In the tumor periphery, the radioactivity was higher in 
viable regions than in muscle, whereas in the islets of ne- 
crotic cells the rate of radioactivity was similar to that in 
muscle. With MISO, the concentrations in the viable areas 
and in muscular tissue were of the same order, whereas the 
concentration in necrotic islets was much lower. 
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Fig. 3. Enlargement ( x 3) of whole-body autoradiograms of rats bearing rhabdomyosarcoma tumor injected with [14C] pimonidazole. 
A, thyroid gland (1) (30 min); B, brain (1), cerebellum (2), and hypophysis (3) (30 min); C, spleen (30 min); D, bronchi (1) (5 rain); 
E, heart (1) and vessel (2) (30 min); F, testis (1) and epididymis (2) (30 min); G, adrenal gland: cortex (1) and medulla (2) (30 min) 



Fig. 4. Enlargement of whole-body auto- 
radiograms of mice injected with [~4C] 
pimonidazole, demonstrating the uptake of 
the isotope in the uveal tract: A, 15 min; 
B, 30min; C, 8h; D, 12h. 1, uveal tract; 
2, Harder's glands 

Fig. 5. Enlargement ( × 3) of whole-body au- 
toradiograms of rats bearing rhabdomyosar- 
coma tumor injected with [~4C] pimonida- 
zole, showing the uptake within the tumor. 
A, 5 min; B, 30 min; C, 2 h; D, 4 h 
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