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Fig. 1. Ethanol metabolic rates for MA and LA male rats

determined during the course of chronic ethanol treatment.

Each point represents mean + S.E.M.; N =six to eight
animals per group.

low rates, show a marked metabolic tolerance (80-100%)
of the order of that reported here for MA animals [9].
However, females of the same line have high initial EMR
values and show only a modest increase (30-40%) as also
reported here for the LA and MA females [10].

In the spontaneously hypertensive male rats [9] and in
the male Sprague—Dawley [11, 12] rates of ethanol metab-
olism in mature naive animals are associated with a low
alcohol dehydrogenase (ADH) activity, an enzyme that,
in these lines, is repressed by testosterone. It has been
shown that chronic alcohol consumption leads to a reduc-
tion in testosterone levels with an associated increase in
ADH activity and in the rate of ethanol metabolism. A
low ADH activity has also been shown in MA males as
compared to MA females by Lester et al. [13]. Thus, it is
conceivable that the mechanism leading to a greater relative
metabolic tolerance in the males of the MA line following
chronic ethanol consumption may also be sex hormone
dependent.

The findings reported may explain the marked differ-
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ences in metabolic tolerance following chronic ethanol con-
sumption reported by many investigators both in experi-
mental animals and humans.
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Effects of morphine on norepinephrine turnover in various functional regions of
rat spinal cord

(Received 29 January 1982; accepted 16 April 1982)

The locus coeruleus (LC), the AS pontine nucleus and the
A1/A2 catecholaminergic nuclei provide the major norad-
renergic innervation to the ventral horn, the zona inter-
media, and the dorsal horn, respectively, of the spinal cord
[1-4]. Recently, a number of reports have implicated spinal
norepinephrine (NE) in the antinociceptive effects of mor-
phine administered either systemically {5, 6] or into discrete

brain nuclei [7]. Moreoever, NE, when administered
intrathecally to the spinal cord, causes analgesia [8,9]. On
the basis of the above neuroanatomical and pharmaco-
logical considerations, one would predict that the most
likely site for the interaction of morphine with spinal
noradrenergic transmission would be the dorsal horn. We
now report, on the basis of a detailed investigation, that
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systemically administered morphine produces a very selec-
tive increase in the turnover rate of norepinephrine (TRng)
in the zona intermedia (ZI) but not in the dorsal horn or
the ventral horn of the spinal cord. The results suggest that
morphine produces an activation of those neurons in A5
which innervate the preganglionic sympathetic neurons in
the ZI of the thoracic and upper lumbar regions of the
spinal cord of rat [3]. The results support a recent report
that the spinal antinociceptive effect of NE, mediated via
neurons in the dorsal horn, does not exhibit cross-tolerance
with morphine and is not blocked by naloxone [8].

In the first set of experiments, male Sprague-Dawley
rats, 200-250 g, were injected subcutaneously with saline
or morphine sulfate (10 mg/kg) or naloxone (2 mg/kg) plus
morphine. Sixty minutes after morphine administration,
the animal was decapitated, and the whole spinal cord was
rapidly removed. The cord was subsequently carefully dis-
sected into the five functional regions to be analyzed. The
cord was placed on its ventral surface on a plate of glass,
frozen on solid CO,, and divided into cervical, thoracic and
lumbar regions. For the dissection of the dorsal and ventral
horns of the cervical or lumbar cord, 0.5 mm thick vertical
cuts were made on either side of the cord. which was then
placed on its side. These cuts exposed a gray line running
longitudinally along the sides of the trimmed cord. The
dorsal and vertical halves of the cord were then separated
by cutting vertically through this longitudinal gray line. For
the zona intermedia, the thoracic cord was similarly
trimmed and laid on its side. Similar vertical cuts were
made at either side of the exposed gray line separating the
dorsal and ventral horn respectively. The zona intermedia
was the strip of gray matter that remained. Dopamine
(DA), NE, dihydroxyphenylacetic acid (DOPAC) and
methoxyhydroxyphenylglycol (MHPG) were analyzed by
mass fragmentography using methods previously described
in detail [10, 11].

In the second set of experiments, rats were treated with
a-methyl-p-tyrosine (a-MPT) (250 mg/kg, i.v.) at O min.
a-MPT is known to inhibit tyrosine hydroxylase, the
rate-limiting enzyme in the synthesis of catecholamines
[11]. At 60 min the a-MPT-treated animals were divided
into two groups and given either morphine (10 mg/kg, s.c.)
or saline. The concentration of NE in these animals was
assessed at 120 min. The rats of a second group were given
either morphine or saline at 0 min, and killed at 60 min.
The NE values obtained in these two latter groups were
statistically identical (Table 1). The saline-treated group
was therefore used as a control for the a-MPT plus saline
group. Similarly, the morphine-treated group was used as
the control for the a-MPT plus morphine group.

The results in Table 2 show that only the concentration
of MHPG in the ZI was increased significantly after mor-
phine. This effect was reversed by naloxone. The results
illustrated in Fig. 1 support the idea that the selective
increase of MHPG in ZI is indicative of an increase in the
TRxe in this region of the cord.
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Fig. 1. Effect of o-MPT on the rate of NE depletion by
morphine in various regions of spinal cord. Rats were
injected with a-methyl-p-tyrosine (a-MPT) (250 mg/kg,
i.v.) at Omin and then with morphine sulfate (morphine-
treated) (10 mg/kg, s.c.) or saline (control) at 60 min, and
killed at 120 min. Animals for baseline values were injected
with morphine or saline at 0 min and killed at 60 min. NE
values in the a-MPT-treated animals are expressed as a
percentage of the appropriate baseline control (i.e. saline
or morphine-treated rats not given a-MPT). See Tabie 1
for baseline values. Key: (*) P < 0.01.

In the a-MPT/morphine-treated rats, there was a sig-
nificant increase in the rate of depletion of NA only in the
ZI (Fig. 1). Morphine did not affect the rate of depletion
of NA in either the dorsal horn or the ventral horn of the
lumbar spinal cord. Both sets of results taken together
indicate strongly that morphine produced a selective
increase in the TRxe only in the ZI of the thoracic cord.

These results indicate that, in the cord, the only site of
interaction of morphine with spinal noradrenergic mech-
anism was in the ZI, the main site of origin of the pregan-
glionic sympathetic neurons. This is the region of the spinal
cord with the densest noradrenergic innervation [4]. The
results provide no indication of the exact mechanism or
initial site of action of morphine. Increases in transmitter
turnover rate are usually indicative of increased neuronal
activity. Hence, one would predict that morphine selec-
tively activates either the cell bodies of those noradrenergic
neurons in A5 which project to the zona intermedia or the
terminals of these neurons in the cord [3]. The fact that
the density of opiate receptors is not great either in the AS
nucleus or in the zona intermedia of the cord [12] suggests
that one is dealing with an indirect effect of morphine,
whose net, final outcome is activation of AS noradrenergic
neurons. There was no significant effect of morphine on
the spinal dopaminergic neurons in any of the regions
studied.

Our results, by demonstrating that morphine does not
affect NE metabolism in the dorsal horn, lend support to
a recent report that the spinal antinociceptive effect of NE

Table 1. Effect of morphine or saline on the levels of norepinephrine in various regions
of rat spinal cord*

NE
Treatment [ng/mg protein = S.E.M. (N = 8)]
Lumbar Lumbar Thoracic
dorsal horn ventral horn zona intermedia
Saline 5+x0.8 7.0+ 1.1 10.0 = 1.0
Morphine 6=0.6 7.5%0.6 8.1 3.0

* Rats were injected with either saline or morphine at O min and killed at 60 min. NE
was analyzed mass fragmentographically. The values for the saline and morphine-treated
groups were statistically identical. Therefore, these results were used as the control
values in computing the data presented in Fig. 1.
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Table 2. Effect of morphine on the metabolism of dopamine and noradrenaline in the spinal
cord of rat*

Treatment NA MHPG DA DOPAC
[ng/mg protein = S.E.M. (N = 8)]
Cervical
Dorsal horn
Control 6.1 +0.6 1.5=0.1 0.47 £ 0.07 0.49 = 0.06
Morphine 6.7x0.2 1.7+x0.1 0.47 = 0.062 0.67 = 0.05
Morphine + naloxone 8.4x02 1.7x0.1 0.58 = 0.07 0.44 £ 0.01
Ventral horn
Control 7.0x0.7 1.6 x0.1 0.33 =0.09 0.36 = 0.06
Morphine 6.3x0.4 1.8£0.2 021 +£0.02 0.48 = 0.07
Morphine + naloxone 6.4+0.6 1.4+0.1 0.22 £0.03 0.50 = 0.11
Thoracic
Zona intermedia
Control 8.4 +0.4 1.5x0.1 0.66 = 0.04 0.61 = 0.05
Morphine 7.7+0.6 2.2+0.1% 0.51 = 0.03 0.64 = 0.09
Morphine + naloxone 93x08 1.7x0.1 0.59 = 0.04 0.41 £0.11
Lumbar
Dorsal horn
Control 85+0.8 1.7x0.1 0.64 = 0.06 0.74 £ 0.10
Morphine 7.6=0.5 1.4+0.2 0.48 = 0.09 0.51 =0.04
Morphine + naloxone
Ventral horn
Control 6.9+1.1 1.6 0.2 0.68 = 0.08 0.55 = 0.09
Morphine 7.5+0.5 1.3x0.1 0.38 = 0.07 0.53+0.23

Morphine + naloxone

* Morphine sulfate (10 mg/kg). was administered subcutaneously and rats were killed after
60 min. Naloxone (2 mg/kg) was administered subcutaneously at —2 min and 30 min, and mor-
phine sulfate (10 mg/kg) s.c. at 0 min; rats were killed at 60 min. Catecholamines and metabolites
were measured by mass fragmentography as previously described [10, 11].

+ P < 0.01 by independent t-test.

in the dorsal horn does not exhibit cross-tolerance with
morphine and is not blocked by naloxone [8]. However,
it has been reported that morphine, after systemic admin-
istration, increases the normetanephrine concentration in
the dorsal horn of the cord [5]. Assuming that MHPG and
normetanephrine are both valid indices of NE metabolism,
our results are clearly at variance with those of Shiomi and
Takagi {5].

Perhaps the most interesting feature of the results is to
alert us to the possibility that some effects of morphine in
the central nervous system, that involve well-defined func-
tional regions, are unrelated to its narcotic analgesic effect.
This idea is in keeping with current concepts of the relatively
widespread distribution of opiate peptidergic neuronal sys-
tems in the CNS. A number of these systems have been
defined in both the spinal cord and the brain [12], and it
is unlikely that all of them are involved with mechanism
of analgesia. The data presented deal with the acute effects
of morphine measured 60 min after drug injection. There-
fore, it is not clear whether chronic morphine administra-
tion would affect NE metabolism in the cord differently.
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