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Acute solvent-ethanol interactions with special reference to xylene
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Acute ethanol ingestion inhibits the metabolism of the common industrial solvents
trichloroethylene and dimethylformamide. The solvents in turn may interact with
ethanol metabolism as shown by an accumulation of acetaldehyde and occasional
symptoms of alcohol intolerance. It was recently found that mutual metabolic interaction
occurs even in the context of ethanol ingestion (0.8 g/kg in single dose) combined with
subsequent inhalation exposure to m-xylene (6.0 & 11.5 mmol/m3 (140 & 280 ppm), over
4 h). Ethanol impaired the metabolic clearance of m-xylene, raised the blood xylene
concentration, and decreased the urinary excretion of methylhippuric acid. Thus,
ingestion of ethanol is a noticeable source of error in the biclogical monitoring of xylene
uptake. Some people appear to be susceptible to combined ethanol-xylene exposure
and may develop nausea and dermal flush.

Key terms: carbon disulfide, dimethylformamide, ethanol, industrial solvents, metabolic
interaction, trichloroethylene, m-xylene.

Alcoholic beverages are extensively con-
sumed in many countries, occasionally
during the workday and particularly after
the workhours. In view of the fact that
a share of solvents taken up by the human
body is slowly excreted, it is obvious that
the simultaneous occurrence of ethanol and
solvents in the tissues of solvent-exposed
workers is not uncommon.
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Ethanol is known to inhibit drug me-
tabolism acutely (14, 15), and to stimulate
drug metabolism through microsomal in-
duction when administered repeatedly (6,
7, 15). Thus the effects of ethanol on sol-
vent metabolism may be complex, depend-
ing on the timing and frequency of ethanol
ingestion. In this communication we want
to call attention to the immediate meta-
bolic consequences following ethanol in-
gestion in the context of solvent exposure,
as reported in the literature and observed
in our own studies.

Ethanol-mediated changes of solvent
metabolism

Molar concentrations of ethanol in blood
after social drinking are at least 100—200
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times higher than molar blood solvent
concentrations during relevant occupa-
tional exposures, and the concentration
difference is still much larger after the
termination of solvent exposure. There-
fore, on the mere basis of concentration
difference it can be expected that ethanol
may primarily affect solvent metabolism
rather than solvents affecting ethanol
metabolism.

By virtue of the competitive inhibition
of alecohol dehydrogenase, ethanol blocks
the metabolism of methanol (9) and eth-
ylene glycol (12) to toxic metabolites. The
microsomal metabolism of inhaled dime-
thylformamide was inhibited by large eth-
anol doses in animals (3). Human studies
have shown that a moderate ingestion of
ethanol in combination with a simultane-
ous exposure to trichloroethylene [2.0 &
4.0 mmol/m3 {50 & 100 ppm), respectively]
resulted in a complex metabolic interac-
tion (10). Ethanol raised blood trichloro-
ethylene concentrations by about two- to
threefold, a result suggesting that me-
tabolic clearance of trichloroethylene via
microsomal oxidation had decreased, and
no formation of the end metabolite, tri-
chloroacetic acid, was observed as long as
the blood ethanol concentration remained
high (10).

Similarly, we found that the ingestion
of a moderate dose of ethanol (0.8 g/kg)
prior to 4-h inhalation exposures to m-xy-
lene [6.0 & 11.5 mmol/m3 (140 & 280 ppm)]
raised the blood xylene level by about 1.5-
to 2.0-fold and decreased urinary methyl-
hippuric acid (the predominant end meta-
bolite) excretion by about 50 % in compa-
rison to identical xylene exposures without
ethanol (13). In this case too the mechanism
of ethanol-xylene interaction was pre-
sumably the ethanol-mediated inhibition
of microsomal xylene metabolism. Whether
ethanol-induced disturbances of solvent
metabolism per se could aggravate solvent
hazards is not readily answered in light of
current knowledge. However, this pheno-
menon may be an important source of
methodological error in the biological
monitoring of solvent uptake.

Solvents and acute ethanol intolerance

The reverse aspect of metabolic solvent-
ethanol interactions, ie, disturbances of
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ethanol metabolism caused by solvents,
seems to have the potential for a con-
siderable subjective nuisance if not that
of a hazard. Inhalation exposure to tri-
chloroethylene (16), carbon disulfide (2),
and dimethylformamide (8), followed by
ethanol ingestion, is known to cause un-
pleasant symptoms of intolerance such as
facial flushing and occasional dizziness.
Under certain experimental conditions
these compounds have disturbed ethanol
metabolism and increased blood acetalde-
hyde levels (4, 5, 10). This effect on blood
acetaldehyde was even more pronounced
when the ethanol challenge was given
16—24 h after the solvent exposure (4, 5).
Symptoms of alcohol intolerance have also
occurred for several days (8) and even
weeks (16) after solvent exposure. The ad-
ministration of acetaldehyde causes a der-
mal flush, hyperventilation, and tachy-
cardia in man (1). Thus, understandably,
the solvent-induced symptoms of ethanol
intolerance have generally been attributed
to the cumulation of acetaldehyde.

We recently observed that the ingestion
of ethanol (0.8 g/kg) prior to 4-h inhala-
tion exposures to m-xylene [6.0 & 11.5
mmol/m3 (140 & 250 ppm)] made one sub-
ject out of ten feel dizzy and nauseated
during the exposure to the lower xylene
level, and the same person, plus an addi-
tional subject, was overcome by similar
symptoms at the higher level. Ethanol in-
gestion alone or pure xylene exposure did
not cause such symptoms. No signs of
dermal flush were discovered. During an
exposure to the higher xylene concentra-
tion following ethanol ingestion, the blood
acetaldehyde concentration was transient-
ly elevated, whereas the elimination of
ethanol in the blood was not discernibly
affected (13). Furthermore, in another as
yet unpublished study in which eight
volunteers ingested the same dose of
ethanol at the end of a 4-h m-xylene ex-
posure [12.3 mmol/m3 (300 ppm)], one
subject developed a conspicuous dermal
flush on his face, neck, and the upper
parts of his chest and back. He exhibited
slight erythema of the cheeks even after
ethanol alone. The volunteers experienced
no other untoward symptoms, and in this
case a rise of blood acetaldehyde could
not be demonstrated.

In our experience the combination of



alcohol ingestion and inhalation exposure
to xylene, a common solvent in paints,
glues, printing inks, pesticides, etc, may
cause unpleasant symptoms in some sus-
ceptible individuals. These can be mani-
fested as dizziness and nausea or dermal
flush, perhaps depending on the relative
concentrations of the two compounds and
their metabolites in the body. The role of
acetaldehyde in the causation of intoler-
ance symptoms is an uncertain if tempting
speculation. Individual susceptibility could
be associated with a genetic sensitivity to
ethanol, which presents similar symptoms
(17). Since xylene is metabolized to a toxic
aldehyde, methylbenzaldehyde (11), its
possible role should also be investigated.
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