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Sir,

Toxicological implications of the DNA adduct 7-(2-hy-
droxyethyl)guanine in experimental animals exposed to
ethylene oxide have been a matter of recent reviews (Bolt
et al. 1988; Walker et al. 1990). The physiological presence
of this adduct in DNA of tissues from mice, rats and hu-
mans not exposed to exogenous ethylene or ethylene oxide
in a range of a few pmol/mg DNA has been mentioned in
two reports (Fost et al. 1989; Walker et al. 1992). Hence,
the dependence of the quantities of 7-(2-hydroxy-
ethyl)guanine on external doses, in low dose ranges, can be
based only on studies with radiolabelled, preferably 14C-
labelled, ethylene oxide. Potter et al. (1989) have per-
formed such a study, but this has been published only in a
preliminary form without providing full documentation.
Hence, we decided to perform a similar study to compare
its results with the data of Potter et al. (1989).

Potter et al. (1989) had exposed male F-344 rats, nose
only, to atmospheres containing 1, 10 or 33 ppm [!4C]
ethylene oxide for 6 h, maintaining a constant atmospheric
level of radiolabelled substance throughout this entire
period in the chamber, and had studied the quantities of the
radiolabelled major DNA adduct in liver DNA hydro-
lysates.

We have now performed a new single-dose inhalation
experiment, applying single doses of [14C] ethylene oxide
to rats in a closed recirculated system.

Three groups of five male Sprague-Dawley rats
(Charles-River Wiga GmbH, Sulzfeld), weighing between
245 and 312 g, were placed in the closed all-glass exposure
system of Bolt et al. (1976), volume 10.2 1, containing 100 g
soda lime. Different single doses of the test chemical, [14C]
ethylene oxide, of specific radioactivity of 40.0 mCi/mmol
(Du Pont, Boston, Mass.), specified purity of >95%, were

* This is an abridged report of the research conducted. The full data are
available from the authors on request.
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injected into the gas phase of the system. The decline of
ethylene oxide in the gas phase was monitored by repeated
gas chromatography (35 m DB-1 capillary column,
0.53 mm i.d., FID, Carlo Erba, Hofheim). Extrapolation of
these curves to zero time allowed the calculation of ef-
fective ethylene oxide doses (24.9, 25.7 and 83.7 umolkg
body weight, for the three exposure groups). After com-
plete disappearance of ethylene oxide from the atmosphere,
the system was opened and the animals removed and sa-
crificed. Liver, spleen and lymphocytes were used for DNA
isolation.

After addition of cold 7-(2-hydroxyethyl)guanine as
optical marker an acid hydrolysis was performed in 0.1 M
HCI (30 min at 75° C).The hydrolysate was directly taken
for HPLC separation (RP-18, LiChrospher Merck, 250 x
10 mm, 10 pum, equipped with a similar pre-column, 30 x
4 mm; sample loop 1000 ul, flow rate 3 ml/min).

The following HPLC gradients were applied, using
A =0.01 M triethylammonium acetate; pH 7.0, and B = 60%
methanol. 0—10 min: 100% A; 10-20 min: linear gradient to
15% B; 20-25 min: 15% B; 25-55 min: linear gradient to
25% B; 55-60 min: linear gradient to 100% B. After pas-
sing a UV detector (254 nm) fractions of 3 ml each were
collected and taken for liquid scintillation counting. Typical
retention times were: guanine, 19.1 min; 7-(2-hydro-
xyethyl)guanine, 25.8 min; adenine, 32.2 min,

The results are shown in Table 1. Adduct levels in
Iymphocytes (data not shown) were in a similar range as in
spleen, but the low amounts of DNA isolated from rat
lymphocytes made it difficult to distinguish these levels
from background radioactivity. DNA adduct levels in
spleen are generally about twice those in liver, in agreement
with the observation of Walker et al. (1992). Adduct-spe-
cific “covalent binding indices” (CBI), calculated accord-
ing to Lutz (1979), characterized ethylene oxide as a
moderately potent genotoxin (Table 1).

A direct comparison with the doses used by Potter et al.
(1989), who had exposed rats to constant ethylene oxide
levels, needs a consideration of ethylene oxide inhalation
pharmacokinetics. Filser and Bolt (1984) have demon-
strated in rats that metabolism of inhaled ethylene oxide is
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Fig. 1. Dependence of the hepatic DNA adduct 7-(2-hydroxy-
ethyl)guanine on the dose of ethylene oxide in rats; combined data
from Potter et al. (1989) (M) and this study ([1J), using 14C-ethylene
oxide

overwhelmingly determined by the process of influx into
the organism (k12V1 = 11100 ml/h; Che = 10600 mb/h).
This is compatible with the data of Brugnone et al. (1986)
for a C4/Cj ratio in humans of 0.1-0.3 and causes a large
difference between Keq = 30 and Ko = 1.52 (Filser and Bolt
1984). Consequently, the biologically effective inhaled
ethylene oxide dose per unit time may be approximated by
the total ventilated ethylene oxide dose. This means that the
effective doses of rats inhaling 1, 10 or 33 ppm for 6 h in
Potter’s experiment are approximately by 1.34, 13.4 and
44.2 pmol (59.0, 590, 1945 ug) per 250 g animal, assuming
a ventilation rate of 5 Vh for a 250-g animal (Filser 1992;
Johanson and Filser 1992).

Under these assumptions, Fig. 1 combines the hepatic
adduct data of the present single-dose study with those of
the previous study (Potter et al. 1989). A consistency is
obvious.

Walker et al. (1992) have described 7-(2-hydro-
xyethyl)guanine levels in tissues of rats and mice exposed
for 4 weeks to daily concentrations of 100 ppm ethylene
oxide (6 h/day; 5 days/week). In rats, such a treatment re-
sulted in hepatic specific adduct levels of 66 pmol/mg
DNA. A single exposure of this kind (100 ppm for 6 h) will
result in about 10 pmol adduct/mg DNA (Fig. 1). This
shows that a moderate accumulation of the DNA adduct 7-
(2-hydroxyethyl)guanine occurs under repeated ethylene
oxide exposure.
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Table 1. Level of labelled 7-(2-hydroxyethyl)guanine in DNA of rats
(n =5,X + SD) exposed to single doses of [14C] ethylene oxide

Effective dose
administered

[14C] Adduct level

[umol/kg b.w.] Liver Spleen?
fmol/mg CBIb fmol/mg  CBIb
DNA DNA
249 410t 34 5.0 660 98
257 420+ 111 5.0 960 11.4
83.7 1300 +287 4.6 1900 57

2 DNA pooled from 5 animals
b CBI (Lutz et al. 1979) =
mmol ethylene oxide bound per mol nucleotides

mmol ethylene oxide administered per kg body weight
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