








EPITHELIAL METABOLISM OF DBE

bromoacetaldehyde (2,11,17), a cytochrome P-450-dependent
reduction yielding a free radical (23), or a GSH S-transferase-

mediated direct conjugation with GSH and a subsequent for
mation of S-2-bromoethylglutathione (27). Based on in vitro
studies using subcellular fractions and isolated cells from rat
liver, it has been proposed that the latter pathway is responsible
for the genotoxic effects of DBE (27, 28); it is assumed that the
GSH conjugate of DBE (which forms the reactive episulfonium
ion) preferentially binds to nucleic acids, while the cytochrome
P-450 metabolite (bromoacetaldehyde) preferentially binds to
protein (11, 17, 22, 27, 28). The relative importance of the
different activation pathways in the various extrahepatic tissues
has not been determined in vivo, and the mechanism responsible
for the observed tissue-selective binding of metabolites remains

to be clarified.
The high binding of DBE in the squamous epithelium of the

forestomach seems to indicate that this epithelium contains a
metabolic activity that is not present in significant amounts in the
epithelium of the glandular stomach. This difference, which con
forms with the selective effect of DBE in the forestomach,
suggests that the rat stomach may serve as a model to assess
the role of the above-mentioned activation mechanisms in the

genotoxicity of DBE. It has been reported that, although the level
of GSH is about 5 times higher in the glandular stomach (5), the
rate of DBE-GSH conjugation is slightly higher in the forestomach
than in the glandular stomach of the rat (29). The cytochrome P-

450 content in the rat stomach has been measured (3), but from
this report it is not evident if the forestomach was included.
Consequently, it is not known at present if the cytochrome P-

450 content is different in the 2 parts of the stomach.
In the nasal cavity, lesions are reported to occur both in the

respiratory and olfactory regions (16, 20), where cytochrome P-
450-dependent monooxygenase activities are known to be pres
ent (6, 10). The marked binding of DBE metabolites, observed
both in the respiratory epithelia and in various glands in the
respiratory and olfactory region, indicates that these tissue struc
tures are involved in the activation of DBE in the nasal mucosa.
Among the tissues that were used for S-1 incubations in vitro,

the nasal mucosa showed the highest ability to activate DBE. It
should be remembered, however, that, as shown by in vitro
autoradiography, several of the other tissues examined, e.g., the
2 parts of the stomach and the esophagus, trachea, lung, and
vagina, do contain a large amount of metabolically inactive or
less active tissue, such as the muscular layer and lamina propria
of the esophagus, stomach, vagina, and the alveolar parts of the
lung. In the S-1 preparations, the enzymes of the metabolically
active cells are diluted in large excess of inactive material. Due
to this "dilution effect," the overall metabolic activities in the

epithelia will be underestimated. This dilution may also explain
why no significant difference in binding to the S-1 preparation of

the forestomach and glandular stomach was observed. This
contention is further supported by the preliminary observation
that the total in vivo binding of DBE in the 2 parts of the mouse
stomach is essentially the same, when expressed on a wet
weight basis (data not shown). When considering the autoradi-

ographic results obtained in vivo and in vitro, it seems conceiv
able that the epithelia of the esophagus, forestomach, trachea,
bronchi, and vagina contain an DBE-metabolizing enzyme activity

of about the same magnitude as that of the nasal mucosa. The
measured metabolic activity in the nasal mucosa was, however,

probably also underestimated, since metabolically inactive con
nective tissue and nerves are included in the preparation. The
true ability of each tissue to activate and bind DBE cannot be
quantitatively determined until each cell type has been separated
and independently measured. An easier, although quantitatively
less exact, way of estimation is the autoradiography of whole
tissues incubated in vitro with DBE.

DBE has been reported to induce a number of nonneoplastic
lesions such as hepatic necrosis, nephropathy, adrenal cortex
degeneration, and testicular atrophy (18, 25, 26, 30). Although
the level of bound metabolites in these tissues was not as high
and striking as in the epithelia previously discussed, the present
autoradiographic results show that there was a selective binding
of DBE metabolites in the adrenal cortex and the interstitial parts
of the testis. It thus appears that the binding of DBE metabolites
to these tissues is also responsible for the DBE induced nonneo
plastic lesions.

In conclusion, this study has shown that a number of extra-
hepatic tissues, mainly the target tissues for the DBE-induced

lesions, have a marked ability to metabolize DBE into products
which become firmly, presumably covalently bound to the tissue
constituents. The reason for and the mechanism involved in the
pronounced tissue selectivity of the DBE metabolism is not clear
and remains to be elucidated. Studies on the effect of various
cytochrome P-450 inhibitors and GSH-depleting agents on the

observed binding of DBE in the epithelial linings of some target
organs are under way.
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NASAL MUCOSA SUBMAXILLARY GLAND LIVER
Fig. 1. Autoradiogram showing the distribution of nonvolatile radioactivity 5 min after an i.v. injection of [14C]DBE in a C57BL mouse. There is a high level of

radioactivity in the nasal and bronchial mucosae and the liver. Radioactivity is also present in the kidney, the adrenal cortex, and the submaxillary gland. The heavily
labeled esophagus and forestomach are not seen in this autoradiogram.
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Fig. 2. Autoradiograms showing the distribution of nonvolatile radioactivity in slices of the esophagus (A), lung (B), testis (C), and vagina and uterus (D) from C57BL
mice, incubated with ["CjDBE for 60 min. In A. a selective localization of radioactivity has taken place in the esophageal mucosa, whereas the muscular layer contains

only a low labeling. In B, a selective localization of radioactivity is present in the bronchial mucosa whereas the lung parenchyma is weakly labeled. In C, there is a
selective labeling of the interstitial part of the testis. In D. a selective localization of radioactivity is present in the vaginal mucosa, whereas the uterus and the muscular
layer of the vagina contain only a low labeling.
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Fig. 3. Autoradiograms of a Sprague-Dawley rat 4 h after an i.v. injection of [14C]DBE. A, from a heated tissue section; B, from an adjacent tissue section fixed and

extracted with organic solvent. In A, a high level of nonvolatile radioactivity is present in the mucosa of the nasal cavity, tongue, esophagus, and forestomach. High
radioactivity is also seen in the liver, kidney medulla, and thymus and (not indicated) in the pancreas. In B, tissue-bound radioactivity can be seen in the mucosa of the
nasal cavity, tongue, esophagus, forestomach, and liver, whereas the radioactivity in the thymus and in most other tissues is low or has completely disappeared.
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Fig. 4. Details of autoradiograms of C57BL mice 1 h (A) and 1 min (B) after injections of [14C]DBE. In A, there is a high and selective level of nonvolatile radioactivity

in the mucosa of the forestomach, whereas the level of radioactivity in the mucosa of the glandular stomach is low. In B, there is a selective localization of nonvolatile
radioactivity in the adrenal cortex. In A and B, a high level of radioactivity is seen also in the liver.
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Fig. 5. Microautoradiograms from the nose (d), lung (8), vagina (C), and esophagus (D) of a C57BL mouse killed 4 h after an i.p. injection of [14C]DBE. Tissue-bound

radioactivity (black silver grains) is preferentially present in the subepithelial glands (SG) underneath the olfactory epithelium (OL) (A). The radioactivity in the nerves (W)
and cartilage (C) does not exceed that of the background. Tissue-bound radioactivity is selectively present also in the epithelium of a terminal bronchiolus (TB) (8) and in
the squamous epithelia (SE) of the vagina (C) and esophagus (D).

6B

Fig. 6. Microautoradiograms showing the distribution of tissue-bound radioactivity in slices of the trachea (A) and lung (B) incubated in vitro with [14C]DBE. Radioactivity

(black silver grains) is selectively present in the epithelium of the trachea (A) and the epithelium of a terminal bronchiolus (TB) (B).
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