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ETHER INHIBITION OF DIMETHYLNITROSAMINE METABOLISM

NDMA into the tissues of the ether-treated animals might well
be observable if blood levels were examined at sufficiently early
times. However, the presence of a distribution phase for control
and/or ether-treated animals does not alter our conclusions
about ether inhibition of NDMA's disappearance from blood.

Since most studies of NDMA carcinogenicity have involved
p.o. administration of the nitrosamine it is important to consider
the probable influence of brief ether exposure on the metabolism
of NDMA given by this route. In the i.v. studies described above
blood clearance for NDMA approached and was limited by (21)
the rate of blood fiow to the principal organ responsible for its
metabolism (12), the liver. For NDMA administered p.o., however,
the intrinsic ability of the liver enzymes to metabolize the nitros-
amine would not be masked by such blood flow limitations (21).
Thus the ratio of apparent clearances shouid be larger than that
observed in the i.v. experiment because enzyme inhibition would
decrease first-pass (6, 13) metabolism, increasing bioavailability
in the ether-treated animals and permitting a fuller expression of
the altered enzyme activity (21). In agreement with this prediction
Spiegelhalder et al. (15) reported a 12-fold increase (relative to
unanesthetized controls) in urinary NDMA excretion when the
carcinogen was administered i.v. under ether anesthesia com-
pared with a 21-fold increase for the p.o. route.

Comparison of our results with those of selected prior papers
describing the effect of ether on the metabolism of other drugs
(1, 3, 4, 9, 11, 18-20) indicates that the efficiency of ether
suppression on NDMA metabolism may be of unprecedented
magnitude. Johannessen et al. (11) found that antipyrine clear-
ance was not significantly affected by exposing animals to ether
for 5-10 min before drug administration, but that continuous
ether anesthesia reduced the clearance by roughly 4-fold. In
addition continuous ether treatment resulted in a 2.5-fold depres-
sion of aminopyrine clearance (9) relative to unanesthetized
controls, an 11-fold effect on phenytoin metabolism (18) and a
1.5-fold inhibition of hexobarbital elimination (20). After only 2
min of ether exposure we observed nearly complete inhibition of
NDMA disappearance during the first 2 h and an apparent 9-fold
suppression of clearance over the 5 h of the experiment.

One possible reason for the larger effect in our experiments is
that the enzymes invoived in NDMA metabolism may be different
from those that metabolize the other drugs. Another perhaps
more probable explanation is suggested by examination of the
doses of test substrate used in these studies. We administered
NDMA at doses of 4 umol/kg whereas doses in the other studies
were 80 umoi/kg for antipyrine, 130 umoi/kg for aminopyrine, 40
umolfkg for phenytoin, and 190 umol/kg for sodium hexobarbital.
If inhibition of drug metabolism by ether is a competitive process
as has been shown for demethylation of p-nitroanisole (10) then
the degree of inhibition is a function of inhibitor concentration,
the inhibition constant, and the concentration of test substrate.
Since we used low doses of test substrate it is possible that the
observed inhibitory effect was greater than it might have been if
NDMA blood concentrations had been higher. A corollary of this
hypothesis is that low dose NDMA metabolism may be a sensi-
tive experimental model for further studies of inhibition of oxi-
dative metabolism.

As to the mechanism of ether inhibition of NDMA metabolism

the explanation that the effect is a direct consequence of anes-
thesia can probabty be excluded because the quantity of ether
administered was minimal and the inhibition of metabolism per-
sisted long after the animals had regained their normal behavior.
Also anesthesia with a combination of dehydrobenzperidol and
fentanyl decreases urinary excretion of NDMA (14). Nevertheless
the possibility that other anesthetics (especially those which are
chemically related to ether) may also act as metabolic inhibitors
(10) should be kept in mind until data on their potential for such
activity become more widely available.

Since ether is known to undergo oxidative metabolism to
acetaldehyde and ethanol (2, 5, 16) it is conceivable that the
observed inhibition is due to the known (17) effects of ethanol
on NDMA metabolism. Although this possibility cannot be com-
pletely excluded it appears unlikely given the short duration of
exposure and the lack of extensive metabolism of ether (2).

In conclusion we strongly recommend that those contemplat-
ing the collection or interpretation of data on xenobiotic metab-
olism be particularly mindful of the potential for complications
which may be encountered when exposure to diethyl ether is
included in the protocol. This caveat may assume particular

importance in studying nitrosamine pharmacokinetics, since in-
hibition was much more pronounced for NDMA metabolism than
was observed in previous investigations with other drugs.
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