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In Experiment 2, p correlations were calculated between
1. rank on substrate level and rank on analgesia, 2. rank
on substrate level and rank on brain morphine level and
3. rank on analgesia and rank on brain morphine level.

Results. Experiment 1. The g correlations are shown in
Table 1. In addition, average blood levels for each sub-
strate are shown. These levels are similar to literature
values!®. As can be seen, blood levels of pyruvate and
lactate correlated with analgesia, while no substrate
correlated with pre-drug reaction time.

Experiment 2. Table II shows that pyruvate and
lactate, as well as citrate levels correlated with analgesia.
Only malate and a-ketoglutarate correlated with whole-
brain morphine levels. The average brain level of morphine
is also shown in Table II. The correlation between whole
brain morphine level and analgesia was +0.47 (p << .05).
The average brain level of morphine was 0.06 +0.005 ug/g
(S.E). '

Discussion. The tinding of a positive correlation between
blood pyruvate, lactate, and possibly citrate with anal-
gesia suggests that high glycolytic flux (as measured by
high pyruvate levels) may be a component of analgesia.
Since there were no significant correlations between
substrate levels and pre-drug reaction time, it appears
unlikely that peripheral intermediary levels are associated
with basic sensitivity to pain. High levels of malate and
o-ketoglutarate were associated with high levels of brain
morphine, suggesting the these substrates may be im-
portant in morphine uptake.
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The finding of a relatively low (0.47) but statistically
significant correlation between brain morhpine level and
analgesia is in agreement with the findings of MuLE et al. 1!
and Mur£!2 This suggests that the intensity of the meta-
bolic change produced by morphine may be moreimportant
in determining the level of analgesia than the amount of
drug present.

The data also suggest that some of the metabolic
changes involved in morphine-induced analgesia may
be mediated through the citric acid cycle.

Zusammenfassung. Es konnte gezeigt werden, dass bei
Ratten eine Beziehung besteht zwischen der analge-
tischen Wirkung von Morphin und den Blut-Konzentra-
tionen einiger Metaboliten des Krebs-Zyklus.
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Selective Suppression of Rapid Eye Movement Sleep (REM) by Fusaric Acid, an Inhibitor of Dopa-

mine-3-Oxidase

Several converging lines of evidence point to an im-
portant participation of noradrenaline (NA) in the produc-
tion of REM. However, existing data are still conflicting.
In the cat, lesioning of the locus coeruleus rich in the NA-
containing neurons! has been reported by some? to
suppress REM selectively, while others? have been unable
to confirm this finding. Experiments performed with
inhibitors of enzymes at different steps of biosynthesis of
NA have shown that decreased concentration of NA in the
brain leads to reduction in the amount of REM#% 5. This is
in line with the fact that administration of DOPA restores
reserpine-suppressed REMS®. However, inhibition of
tyrosine hydroxylase by «-methyl-p-tyrosine has been
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Fig. 1. REM recovery time after single administrations of fusaric
acid orits calcium salt in 4 cats. Ordinate; timein h for the cumulative
amount of REM to catch up to the control level after drug administra-
tion. Abscissa; the amount of drug administered (open marks,
peritoneal injection of fusaric acid; filled marks, oral administration
of the calcium salt}. Marks accompanied with asterisk indicate
failure to catch up to the control level within the follow-up period.

shown to increase the REM amount, while decreasing the
concentration of NA in the brain”.

It seems that, with respect to the relationship between
NA and REM, conflicts among the results obtained
through pharmacological interventions may arise from
coincidental involvement of factors other than NA. For
this reason we have been prompted to study the effect on
REM of fusaric acid (5-butylpicolinic acid), which
possesses a very pertinent property without unfavorable
complications. This drug has no reported action other
than inhibition of dopamine-f-oxidase and consequent
reduction of the concentration of NA in the central
nervous system as well as in the periphery?.
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Fig. 2. Effect of peritonealinjection of fusaric acid

TS for 3 consecutive days on total sleep (TS), SS and
REM, each being shown in cumulative amounts
for 1 h periods. Drug or placebo was given twice
a day at 09.00 h and 18.00 h. The amounts of SS
in a day were within the normal range (494 min

§S + 68 S.D. in this cat) in all 5 days, while those
of REM were out of the normal (162 min + 40
S.D.) in the last days.
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Experiments were performed on 4 freely moving cats
carrying chronically implanted electrodes. Starting from
3 or 4 days before administration of the drug, the baseline
sleep pattern was recorded continuously except for
regular interruptions twice a day. Fusaric acid was
injected i.p. or its calcium salt was given p.o. Recording
was continued for 2 to 4 days after the drug administra-
tion. Placebos were given on the days when the drug was
not administered.

Single administration of a moderate dose of fusaric
acid (30-40 mg/kg) or its calcium salt (50-200 mg/kg)
suppressed REM for 5-10 h. Thereafter REM showed a
rebound, and the cumulative amount of REM usually
caught up with the normal level between 10 and 30 h after
drug administration (REM recovery time in Figure 1).
Large doses (over 70 mg/kg of fusaric acid or over 300 mg/
kg of the calcium salt) suppressed REM for a much longer
period and prolonged its recovery time, in some cases, in
excess of 2 or 3 days.

The administration of moderate doses for several
consecutive days was also conducted to avoid gastro-
intestinal disturbances and hypotension® following a
single large dose. Asillustrated in Figure 2, with increasing
the dose, the suppression of REM was more prolonged and
the cumulative REM record failed to catch up to the
control value by the next morning. On the following day
with placebo, REM rebounded far above the control
value.

In contrast to its effect on REM, the drug had no
significant influence on slow wave sleep (SS). This is
consistent with the current concept of the SS mechanism,
which is said to be dependent not on a noradrenergic
mechanism, but primarily on a serotonergic onel?. Only
with large doses, SS was depressed for a few hours
following drug administration. This is presumed to be
secondary to gastrointestinal and circulatory perturba-
tions, since recovery was always complete within a day.

The suppression of REM by fusaric acid is similar to the
effect of another dopamine-f-oxidase, disulfiram which,
however, causes a slight increase in the amount of SS and
elicits abnormal movements?. Since the concentration of
dopamine in the brain is not altered by fusaric acid®, the
differences in the action between the 2 drugs might be
explained by the accumulation of dopamine in the brain!,
resulting from inhibition by disulfiram of aldehyde
dehydrogenase??, required for the degradation of dop-
amine.

Although fusaric acid selectively suppressed peripheral
manifestation of REM, the biological need for REM seems
not to be suppressed by the drug, because in most cases

REM rebounded after a period of drug-induced suppres-
sion. Therefore it is conceivable that a noradrenergic
mechanism is heavily involved in the transmission of
information from the structures which elaborate the bio-
logical need for REM to the individual sites which have
been claimed to be localized in the lower brain stem and
to be directly related to the peripheral manifestations of
REM?2 13,

In some experiments with large doses, no appreciable
REM rebound was observed. This might be due to a shift
in the level of need for REM to a lower one, the level being
determined by many biological parameters, including the
concentration of NA in the body that can be manipulated
by the drug. Alternatively, the lack of rebound might
suggest the presence in the neuronal structures elaborating
the need for REM of a noradrenergic mechanism which
is less vulnerable to the action of fusaric acid than the
above-posturated transmission system4.

Résumé. 1.’ administration d’acide fusarique, un inhibi-
teur de la dopamine-$-oxidase, a supprimé électivement le
sommeil REM, sans influence significative sur le sommeil
lent. e role de noradrénaline dans le mécanisme central
du sommeil REM est discuté.
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