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The effect of nitrous oxide on S-adenosylmethionine levels in mouse brain

ROY L. DORRIS, Department of Pharmacology, Bavlor College of Dentistry, Dallas, Texas 75246, USA

Abstract—Mice were exposed to nitrous oxide (50%) for up to 24 h
and S-adenosylmethionine (SAMe) levels measured in corpus
striatum and cerebellum, areas with high and low catecholamine
turnover rates, respectively. After 4 h, levels were 21 and 8% and
after 6 h, 33 and 14% lower than controls in striatum and
cerebellum, respectively. Thus, the effect was more pronounced in
corpus striatum, the area with the presumed higher rate of
catecholamine O-methylation. With continued exposure to nitrous
oxide SAMe concentrations in the two areas returned to nearly
normal at 24 h. The observation that levels did not continue to
decline, and even returned towards control levels, while animals
were still in the presence of the gas suggests that a mechanism other
than that of methionine synthase inhibition may have been respon-
sible for the initial effect. Alternatively, some other source of SAMe
may have become available to compensate for the inhibition of the
enzyme.

Although methionine is an essential amino acid, an interference
with the contribution provided by the enzymatic conversion of
homocysteine to methionine by methionine synthase (EC
2.1.1.13)can result in a decrease in tissue levels of the amino acid.
Thus, nitrous oxide (N,0) exposure has been shown to decrease
the activity of methionine synthase in rodents and result in
diminished tissue levels of methionine (Koblin et al 1981; Lumb
et al 1983; Brennt & Smith 1989). The enzyme requires
cobalamin I (vitamin By;) as a cofactor and the mechanism of its
inhibition by N;O is thought to result from oxidation of
cobalamin I to cobalamin III, a form of the coenzyme that is
inactive (Banks et al 1968).

S-Adenosylmethionine (SAMe) is derived from methionine
and exposure to N,O in some studies has resulted in its
diminution in liver (Lumb et al 1983) and whole brain (Vina et al
1986).

SAMe is a methyl donor in a variety of transmethylation
reactions, including the O-methylation of the catechol neuro-
transmitters. Under normal circumstances, the biosynthesis of
SAMe keeps pace with its utilization. However, there is evidence
that demand for the methyl donor can outstrip its supply. For
example, rats treated for 1 h with haloperidol, a dopamine
receptor blocking drug that is known to reflexly increase
dopamine turnover in the dopamine-rich corpus striatum, had

approximately a 30% decrease in SAMe levels in that brain area
(Waldmeier & Feldtrauer 1987). Thus it seemed possible that,
since N>O can inhibit methionine synthesis, and even possibly
lower whole brain SAMe levels, the agent might have a greater
effect on SAMe levels in corpus striatum than in cerebellum, an
area with relatively little catecholamine content (Heffner et al
1980). This possibility was investigated.

Materials and methods

Male mice, 30-40 g, HSD: (ICR) BR were exposed to N,O:O;
using 4 L filtration flasks as exposure chambers and a Quanitif-
lex MDM, N>O machine. The gas mixture (50: 50) was delivered
at 4 L min ! via a glass tubing which passed through a rubber
stopper in the opening of each flask and extended to within 5 cm
of the bottom. Gases exited via the flask side arm and were
vented into a fume hood. Two flasks, each containing two mice,
received the gases simultaneously by using a split connector in
the line. Two other flasks were similarly arranged but with
N3:0; (50:50) serving as control gases.

The animals were killed by exsanguination under chloroform
or ether anaesthesia. Brains were chilled in cold saline and placed
on a chilled plate for dissection of corpus striatum and a portion
of cerebellum approximating the weight of the corpus striatum.
Tissue SAMe concentrations were determined using a method
based on that of Wagner et al (1984). This method has a
detection limit of approximately 1 pmol which far exceeds the
sensitivity needed in the present study. Thus, after tissues were
blotted and weighed, they were homogenized in 1 mL 0-2 M
perchloric acid and centrifuged at 4°C. The supernatants were
filtered through 0-2 um cellulose filters in a centrifugal filtering
apparatus. Portions of the filtrates were subjected to HPLC, and
absorbance was measured at 254 nm. The HPLC mobile phase
consisted of 850 mL 0-15 M NaH,PO,, 150 mL acetonitrile and
1-73 g sodium octanesulphonic acid. The pH was adjusted to 3-0
with 3 M phosphoric acid. Early in the study it was noticed that
absolute control values seemed to vary (though not consistently)
with the time of day. For that reason, controls were always
included in each experiment and results expressed as percentage
change from these controls. Statistical differences between
means were determined by Tukey's test.
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Results

Exposure to N,O for 2 h resulted in striatal SAMe levels that
were marginally lower than controls. Cerebellar levels were not
significantly altered by the 2 h treatment (Fig. 1). After 4 h
striatal levels were approximately 21% lower than controls and
cerebellar levels approximately 8% lower than controls. After 6
h levels were 33 and 14% lower than controls in the two
respective areas. At both 4 and 6 h, the changes in striatum were
statistically significantly greater than those in cerebellum. With
continued exposure, levels did not continue to decline but
returned to nearly normal at 24 h.
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FiG. 1. Effects of nitrous oxide on striatal and cerebellar SAMe
concentrations. Mice were exposed to 50% nitrous oxide or nitrogen
for the indicated times. Except at 18 h (n=4), each of the other data
sets represent at least 8 animals. Bars are means +s.e. of percent
change from control values obtained from animals run in parallel at
each time. Absolute control values (nm g~') for striatum and
cerebellum respectively were: 2 h-31-2+19 and 37-1+20; 4 h-
340+0-7 and 41-2£06; 6 h-30-0+06 and 385+1-3; 18 h-
31-541-0 and 43-1£0-4; 24 h-36:0+2-6 and 46-2+2-7. Striatum,
left column; cerebellum, right column. * P<0-05 compared with
control; ® P <0-05 compared with cerebelium.

Discussion

Other investigators have reported that short-term exposure of
rodents to 50-80% N,O depressed methionine synthase activity
in several tissues (Koblin et al 1981; Lumb et al 1983; Brennt &
Smith 1989). Interference with this enzymatic source by N,O
exposure has been shown to decrease tissue methionine levels
(Lumb et al 1983; Vina et al 1986). Because SAMe is derived
from methionine, it would seem that a decrease in tissue levels of
methionine, particularly in tissues with a high rate of methyl
group utilization, could eventually lead to diminished levels of
this methyl donor. Even though one report indicated that whole
brain levels of SAMe were decreased by N,O, the results of its
influence on brain SAMe levels are not as clear as those on its
precursor, methionine. However, in the present investigation, a
short exposure to 50% N>O clearly resulted in striatal and
cerebellar SAMe concentrations that were lower than controls.
Furthermore, as predicted, the influence of the gas was greater in

the dopamine-rich corpus striatum than in the cerebellum, an
area with a minuscule catecholamine content.

The observation that SAMe levels did not continue to decline
throughout the 24 h exposure time and even reverted toward
normal, suggests that there is much more to be learned about the
influence of N>O on brain SAMe metabolism. As SAMe levels
decrease to a certain level, another source of methionine and/or
SAMe may become available. In this regard, it has been shown
that there is a nearly coincidental increase in betaine methyl-
transferase activity with the decrease in methionine synthase
activity in livers of rats under N,O exposure (Lumb et al 1983).
This enzyme is another source of methionine and its activation
may be to compensate for conditions in which methionine
synthase becomes deficient. Although betaine methyltransferase
is not found in brain and, thus, cannot serve locally in that tissue
to offset deficiencies of methionine synthase activity, it might be
that the methionine formed in liver by the enzyme is diverted to
the brain at the expense of an adequate amount for the synthesis
of liver SAMe. Consistent with this suggestion is the observation
by Lumb et al (1983) that, after continuous exposure (several
days) to N,O, liver SAMe levels were markedly lowered while
those of whole brain were within the normal range. In the same
studies, after an initial decline, liver and brain methionine was
maintained at nearly normal levels.
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Waco, Texas and NIH grant No. 1 R03 DE09206-01. The
author is grateful to Mr David Kell for his technical assistance.
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