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Effects of chronic administration of morphine on
pentobarbital responses in the mouse

(Received 14 February 1975; accepted 23 May 1975)

The effect of morphine on hepatic microsomal activity has
been reported to be species and sex dependent. In the rat,
numerous studies have shown that chronic administration
of morphine to rats depresses microsomal metabolism of
many drugs [1-7]. Several investigators have further
shown that the effect of morphine on hepatic drug metabo-
lism could be demonstrated only in sexually mature male
rats [7,8-11]. However, the rat seems to be unique for
demonstrating a sex dependency in the metabolism of
drugs, since sex differences are not seen in the mouse,
guinea pig, cat or dog [7, 12, 13]. Since a sex dependency
in drug metabolism could not be demonstrated in the
mouse, it was postulated that morphine should exert no
depressant effect on the ability of male and female mice
to metabolize drugs [11]. In support of the postulate, it
was reported that liver microsomes obtained from mice
of both sexes receiving morphine sulfate. 20 mg/kg i.p.,
once daily for 4 days, exhibited no significant differences
on several drug-metabolizing parameters including the abi-
lity to metabolize ethylmorphine [11]. In the present com-
munication, we present evidence that morphine can inhibit
drug microsomal activity in both male and female mice,
using as measurements N-demethylation of ethylmorphine
and pentobarbital sleeping time.

Both male and female ICR mice (Simonsen Labs.. Gil-
roy, Calif.), weighing 23-25g, were rendered tolerant to
and physically dependent on morphine by the subcu-

taneous implantation of a specially formulated morphine
pellet [14]. Control mice were implanted with placebo pel-
lets for the same period of time. To assess the effect of
this treatment on the effect of Na-pentobarbital, both
sleeping time and lethality were determined after 72 hr of
pellet implantation. The sleeping time of each group was
measured after a single dose of Na-pentobarbital, 60 mg/kg
i.p.. with twelve to fourteen mice in each group. The du-
ration of sleeping time was taken as the time between the
loss of righting reflex of the animals and the time they
righted themselves. In the lethality experiments, the 24 hr
LD, and 95% confidence limits of Na-pentobarbital were
estimated, using at least three doses of Na-pentobarbital
and eight mice per dose [ {5]. The activity of hepatic drug-
metabolizing enzymes was determined by the N-demethy-
lation assay technique {16] which involves the isolation
of microsomes by centrifugation and the incubation of the
microsomes fortified with an NADPH-generating system
in the presence of ethylmorphine. The degree of enzyme
activity was indicated by the amount of formaldehyde
formed from the N-demethylation of ethylmorphine. The
number of assays per group was between six and eight.

The chronic administration of morphine by 3 days of
pellet implantation potentiated the effects of pentobarbital
on sleeping time and on lethality in both male and female
mice. As summarized in Table 1, mice of both sexes receiv-
ing a morphine pellet implant for 72 hr exhibited a sleeping

Table 1. Enhancement of pentobarbital responses after morphine pellet implantation in the mouse

Sleeping time (min)

LDs, (50% confidence limits)

Treatment Male Female Male Female
Placebo pellet 558 + 11-8 52:6 + 52 120 (102-7-140-3) 115(110-4-119-8)
Morphine pellet 1419 £+ 15-8* 2368 + 25-4* 86(79-2-93-4) 86(81-1-91-2)

*P < 0-0005.
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Fig. 1. Inhibition of hepatic microsomal metabolism of
cthylmorphine after morphine pellet implantation in male
and female mice. Mice were rendered tolerant to morphine
by implantation of a 75 mg morphine pellet for 72 hr; the
control groups were implanted with placeo pellets. The
diagonal bars represent the group implanted with a mor-
phine pellet. The number of assays per group was between
six and eight.

time after Na-pentobarbital several-fold longer than that
of the control group implanted with a placebo pellet. The
toxicity of pentobarbital in the morphine pellet-implanted
male or female mice was also increased, as evidenced by
the decrease in LD, of pentobarbital to 66 and 75 per cent
of that of the control male and female animals respectively.

In confirmation of findings by others, we found that the
ability of hepatic microsomal enzyme to metabolize ethyl-
morphine in male and female mice was the same [11].
Moreover, we have found that morphine has a signifi-
cant inhibitory effect on microsomal metabolism of ethyl-
morphine in both sexes. As shown in Fig. 1, in a group
of male mice receiving a morphine pellet for 72 hr, the
hepatic microsomal metabolism of ethylmorphine was in-
hibited 24 per cent. A similar phenomenon was also de-
monstrated in female mice, the microsomal enzyme activity
of morphine pellet-implanted female mice being reduced
to 65 per cent of that of the placebo control group. No
significant difference in hepatic microsomal metabolism of
ethylmorphine could be established between the two sexes.

It can be argued that the enhancement of pentobarbital
sleeping time by morphine may be attributed to an acute
enhancement of an existing depression. However, it has
been repeatedly determined in our laboratory that the
brain levels of morphine 30 min after a single morphine
dose, 10 mg/kg s.c., are comparable to those obtained 72 hr
after pellet implantation. At these similar brain morphine
levels. however. the enhancement of pentobarbital sleeping
time by morphine after pellet implantation is about 3-fold,
whereas by injection it was less than 1-7-fold (I. K. Ho
et al.. unpublished observations). Thus, the enhancement
of the prolongation in pentobarbital sleeping time by
chronic morphine administration can be attributed to a large
extent to inhibition of drug microsomal activity, To our
knowledge, this is the first indication that chronic ad-
ministration of morphine can: (1) enhance the responses
to pentobarbital, and (2) decrease the metabolism of ethyl-
morphine in mice. The first finding might be expected and
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perhaps the second one also, were not predictions and find-
ings to the contrary [11]. The fact that morphine exhibits
a sex-dependent action on microsomal drug metabolism
in the rat by impairing an androgen-induced stimulation
of the hepatic mono-oxidase system and the fact that in
the mouse a sex difference in altering drug metabolism
cannot be demonstrated [11] do not have to mean necess-
arily that morphine cannot inhibit liver microsomal ac-
tivity. Each phenomenon may occur by separate and unre-
lated modes in the two species. While evidence was pro-
vided on the mouse to indicate that morphine did not
inhibit liver N-demethylase activity as measured by the
ability to metabolize ethylmorphine [11], we obtained evi-
dence to the contrary. The discrepancy can be explained
by the differences in experimental conditions. ours being
more drastic. The point to emphasize. however, is that
there appears to be insufficient evidence at present to per-
mit making predictions with respect to morphine effects
on drug metabolism in various species.
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