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Abstract

The acute effects of subcutaneously injected morphine on transcripts of the NMDA receptor subunits NR1, NR2A and NR2B in
certain areas of the central nervous system of male rats were examined by Northern blot analysis. The result clearly indicated that a single

Ž .dose 10 mgrkg of the opioid alters the expression of the mRNA for receptor subunits in the hippocampus and hypothalamus 4 h after
drug injection. No change in the mRNA levels was observed 30 min following injection, and after 24 h most of the levels were restored to
control values. The observation suggests that morphine affects this type of glutamate receptor already in the acute phase of its
administration. q 1998 Elsevier Science B.V.
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1. Introduction

The NMDA subtype of glutamate receptors has been
implicated in the development of tolerance to and depen-
dence of several drugs of abuse, such as amphetamine,
cocaine and morphine. The evidence for this is mainly
based on the pharmacological effects of different NMDA
receptor antagonists. For example, the non-competitive

Ž .NMDA receptor antagonist dizocilpine maleate MK-801
has been shown to inhibit the development of tolerance to

Žand physical dependence on morphine Trujillo and Akil,
.1991 . The majority of the reports on this issue involve

studies on long-term neuronal changes subsequent to
chronic exposure to drugs. However, it has become evident
that NMDA receptor antagonists also can attenuate acute

Ž .responses to cocaine Karler and Calder, 1992 and am-
Ž .phetamine Kelley and Delfs, 1994 . It seems that both

behavioral and neuroadaptive effects of morphine and
psychostimulants depend on activation of NMDA recep-

Ž .tors Jerziorsky et al., 1994; Ohno et al., 1994 , which in
Žturn are proposed to regulate dopaminergic activity Krebs

.et al., 1991 . Furthermore, MK-801 has been shown to
inhibit the development of morphine tolerance at spinal
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Ž .sites Gutstein and Trujillo, 1993 , and both chronic
Ž . Ž .Bhargava et al., 1995 and acute Kreeger et al., 1995
administration of morphine alter the NMDA receptor in rat
and mouse spinal cord, respectively.

Although the influence of chronic administration of
drugs of abuse on the regulation of the NMDA receptor

Ž .are well documented Tokuyama et al., 1996 , there are
fewer data on the acute effects. Since a recent study in rats
indicated that naloxone can precipitate withdrawal signs

Ž .after a single dose of morphine Schulteis et al., 1997 , the
question arises whether the glutamate system is involved
in this mechanism as well. To examine this issue further,
in the present study we investigated the effect of a single
dose of morphine on the expression of mRNAs for NMDA
receptor subunits in the rat hippocampus, hypothalamus
and spinal cord.

2. Materials and methods

Ž . ŽMale Sprague–Dawley rats 200–220 g Alab, Swe-
.den were housed under controlled environmental condi-

tions in an air-conditioned room with controlled humidity
Ž .60% at a temperature of 21"18C. Commercial food

Ž .pellets R36; Lactamine, Sodertalje and tap water were¨ ¨
supplied ad libitum. Rats were injected subcutaneously
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Ž .with morphine HCl 10 mgrkg and control rats were
similarly injected with saline. The rats were divided into
three groups, with respect to survival time, with 6 mor-
phine- and 6 saline-treated rats in each group. The animals
were decapitated 0.5 h, 4 h or 24 h after the administration
of morphine.

Brain tissues were rapidly removed on ice, using a rat
Žbrain matrix Activational System, Mortella Drive Warren,

.MI , and placed on dry ice. Tissues were kept at y808C
until further analysis. Total RNA was extracted according

Ž .to the method of Chomczynski and Sacchi 1987 . The
ŽNorthern blot procedure has been described elsewhere Le

.Greves et al., 1997a . The plasmids containing the cDNA`
for the NR1, NR2A and NR2B subunits were generous

Žgifts from Professor S. Nakanishi, Kyoto University, Ky-
.oto . The hybridization signals from the NMDA receptor

subunit mRNAs were quantified by a digital image analy-
Žsis system, using NIH Image software W. Rasband, NIMH,

.Bethesda, MD , and normalized to that of GAPDH
Ž .glyceraldehyde 3-phosphate dehydrogenase mRNA. The
values were mathematically transformed so that the mRNA
mean values for the control group were set to 100%.

Data were analyzed by using the unpaired Student
t-test, where P-0.05 was considered significant.

3. Results

Fig. 1 shows a representative Northern blot of mRNAs
Žfor NR1, NR2A, NR2B and GAPDH used as internal

.control in the hippocampus. There were no significant
changes in the NMDA receptor subunit mRNAs 30 min

Ž .after a single dose of morphine 10 mgrkg in any of the
Ž .areas analyzed Fig. 2 . However, in the hippocampus the

levels of mRNAs for all three NMDA receptor subunits
Ždecreased significantly after 4 h NR1; P-0.01, NR2A;

.P-0.05, NR2B; P-0.01 . The levels were restored to

Fig. 1. Representative Northern blot analysis of mRNAs for NR1, NR2A
and NR2B subunits isolated from the hippocampus of rats injected with a

Ž . Ž .single dose of saline control or morphine 10 mgrkg . The animals
were decapitated 0.5 h, 4 h or 24 h after the administration of the drug.
Each well was loaded with 20 mg total RNA. The hybridization signal for
GAPDH was used for correction of interlane variability in the amount of

Ž .total RNA. The position of RNA molecular size kb standards is
indicated.

Ž . Ž .Fig. 2. Effects of saline control or morphine 10 mgrkg on mRNAs for
NMDA receptor subunits in rat hippocampus, hypothalamus and spinal
cord at 0.5 h, 4 h or 24 h after a single injection. Each group consisted of

) ) ) ) ) ) Ž .6 animals. P -0.05, P -0.01, P -0.001 Student’s t-test .

control values 24 h after drug administration, except for
that of the NR1 mRNA, which increased to a significantly

Žhigher level compared to that of the control group P-
.0.05 . In the hypothalamus the mRNA levels for the NR1

and NR2B subunits were significantly decreased 4 h after
Žadministration of the drug P-0.01 and P-0.001, re-

.spectively . The level of NR2B mRNA was restored after
24 h while the NR1 mRNA level increased compared to
that observed at 4 h, but remained significantly lower than

Ž .that of the control P-0.05 . The NR2A transcript was
unaffected in the hypothalamus. In the spinal cord, mRNA
for the NR1 subunit remained unchanged up to 24 h after a

Ž .single dose of morphine Fig. 2 .
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4. Discussion

Chronic opiate administration leads to physical depen-
dence, as revealed by well-defined withdrawal signs
Ž .Schulteis et al., 1994 . It has been shown that the NMDA
receptor antagonist MK-801 can inhibit this action of
opiates, which suggests the possible involvement of this

Ž .glutamate receptor subtype Trujillo and Akil, 1991 .
Withdrawal responses can also be precipitated in rats by
administration of an opioid receptor antagonist following

Žexposure to a single dose of morphine Schulteis et al.,
.1997 . This state, referred to as acute dependence, has

been suggested to reflect the beginning of an adaptational
change that leads to chronic opiate dependence. The results
of the present study clearly show that a single dose of
morphine alters the expression of the NMDA receptor
subunit NR1, NR2A and NR2B mRNAs in the rat hip-
pocampus and hypothalamus. The mRNAs for almost all
NMDA receptor subunits studied in the brain were de-
creased at a time point, 4 h after the administration of the
drug, which coincides with that when naloxone-precipi-

Žtated withdrawal signs can be detected Schulteis et al.,
.1997 .

The down-regulation of the NMDA receptor transcripts
would be consistent with an enhanced glutaminergic activ-
ity stimulated by opiates. Such increased activity has been
proposed in both behavioral and biochemical studies in

Ž .recent years Huang et al., 1997; Pulvirenti et al., 1991 .
However, the effect of opiates on the release of glutamate
is controversial, and it has been suggested that opioid
receptor agonists, specifically k-receptor agonists, acutely

Žinhibit glutamate release in rat striatum Hill and Brotchie,
. Ž1995 and in primary cultures of rat cortex Vlaskovska et

.al., 1997 . Nevertheless, the NMDA receptor has previ-
ously been shown to be affected by opiate administration.

Ž .Bhargava et al. 1995 demonstrated a down-regulation of
w3 xH MK-801 binding in the midbrain and spinal cord of
rats chronically treated with morphine, and others have
shown that repeated exposure to morphine is accompanied
by a small increase in the NR1 protein level in the ventral

Ž .tegmental area in rats Fitzgerald et al., 1996 . Acutely,
morphine has been shown to alter NMDA receptor activity

Ž .in mouse spinal cord Kreeger et al., 1995 and in isolated
Ž .guinea pig ileum Yukhananov and Larson, 1994 , while

there are fewer data on the acute regulation of receptor
biosynthesis. In the present study we did not see any effect
of a single dose of morphine on the transcript for NR1 in
the spinal cord. The treatment could of course induce
changes in other NR2 mRNAs present in this area, but
which are not detected by our method.

Activation of the NMDA receptor has been shown to
Ž .mediate the activation of nitric oxide NO synthase and

Ž .the formation of NO Bredt and Snyder, 1992 . Interest-
ingly, the development of tolerance to and physical depen-
dence on morphine can also be attenuated by NO synthase

Ž .inhibitors Kolesnikov et al., 1993 , indicating a role for

NO in these processes. We have in a recent study shown
that 4 h of heat stress in rats results in increased levels of
NO synthase and, in addition, in down-regulation of the
expression of mRNAs for the NR2A and NR2B subunits

Ž .in the rat hippocampus Le Greves et al., 1997b . Accord-`
ingly, it seems that the activation of the NMDA receptor is
linked to an increase in NO synthase activity and to a
compensatory down-regulation of the mRNAs encoding
the NR1, NR2A and NR2B subunits.

It is notable that the NMDA receptor is affected as early
as 4 h after a single dose of morphine. Schulteis et al.
Ž .1997 found a 5-fold increase in the potency of naloxone
to precipitate withdrawal signs 4 h after a daily dose of
morphine on the second day compared to that of the dose
on the first day. This indicates that the adaptive changes
leading to chronic dependence occur during the period
when morphine exerts its acute effect each time it is
administered. Our findings support this hypothesis, which
is different from the suggestion that the NMDA receptor is
mainly involved in long-term neuronal changes subsequent
to the initial behavior activating effects of morphine or
stimulants.

In summary, we observed an alteration in the levels of
the transcripts coding for NMDA receptor subunits after a
single dose of morphine. Since this glutamate receptor
subtype is believed to be involved in the development of
morphine dependency, the results indicate that this process
may begin already after the first administration of the drug.

Acknowledgements

This study were supported by the Swedish Medical
Ž .Research Council Grant No. 9459 , Stiftelsen Clas

˚Groschinskys Minnesfond and Ake Wibergs Stiftelse.

References

Bhargava, H.N., Reddy, P.L., Gudehithlu, K.P., 1995. Down-regulation
Ž .of N-methyl-D-aspartate NMDA receptors of brain regions and

spinal cord of rats treated chronically with morphine. Gen. Pharmacol.
26, 131–136.

Bredt, D.S., Snyder, S.H., 1992. Nitric oxide, a novel neuronal messen-
ger. Neuron 8, 3–11.

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate–phenol–chloroform extraction. Anal.
Biochem. 162, 156–159.

Fitzgerald, L.W., Ortiz, J., Hamedani, A.G., Nestler, E.J., 1996. Drugs of
abuse and stress increase the expression of GluR1 and NMDAR1
glutamate receptor subunits in the rat ventral tegmental area: Com-
mon adaptations among cross-sensitizing agents. J. Neurosci. 16,
274–282.

Gutstein, H.B., Trujillo, K.A., 1993. MK-801 inhibits the development of
morphine tolerance at spinal sites. Brain Res. 626, 332–334.

Hill, M.P., Brotchie, J.M., 1995. Modulation of glutamate release by a
kappa-opioid receptor agonist in rodent and primate striatum. Eur. J.
Pharmacol. 281, R1–R2.

Huang, N., Tseng, C., Wong, C., Tung, C., 1997. Effects of acute and



( )P. Le GreÕes et al.rEuropean Journal of Pharmacology 341 1998 161–164`164

chronic morphine on DOPAC and glutamate at subcortical DA termi-
nals in awake rats. Pharmacol. Biochem. Behav. 56, 363–371.

Jerziorsky, M., White, F.J., Wolf, M., 1994. MK-801 prevents the
development of behavioural sensitization during repeated morphine
treatment. Synapse 16, 137.

Karler, R., Calder, L.D., 1992. Excitatory amino acids and the actions of
cocaine. Brain Res. 582, 143–146.

Kelley, A.E., Delfs, J.M., 1994. Excitatory amino acid receptors mediate
the olofacial stereotypy elicited by dopaminergic stimulation of ven-
trolateral striatum. Neuroscience 50, 58–95.

Kolesnikov, Y.A., Pick, C.G., Ciszewska, G., Pasternack, G.W., 1993.
Blockade of tolerance to morphine but not to kappa opioids by a nitric
oxide synthase inhibitor. Proc. Natl. Acad. Sci. USA 90, 5162–5166.

Krebs, M.O., Desce, J.M., Kemel, M.L., Gauchy, C., Godeheu, A.,
Cheramy, A., Glowinsky, J., 1991. Glutaminergic control of dopamine
release in the rat striatum: Evidence for presynaptic N-methyl-D-
aspartate receptors on dopaminergic nerve terminals. J. Neurochem.
56, 81.

Kreeger, J.S., Yukhananov, R.Y., Larson, A.A., 1995. Altered N-methyl-
Ž .D-aspartate NMDA activity in the mouse spinal cord following

morphine is mediated by sigma activity. Brain Res. 672, 83–88.
Le Greves, P., Huang, W., Johansson, P., Thornwall, M., Zhou, Q.,` ¨

Nyberg, F., 1997a. Effects of an anabolic-androgenic steroid on the
regulation of the NMDA receptor NR1, NR2A and NR2B subunit
mRNAs in brain regions of the male rat. Neurosci. Lett. 226, 61–64.

Le Greves, P., Sharma, H.S., Westman, J., Alm, P., Nyberg, F., 1997b.`
Acute heat stress induces edema and nitric oxide synthase upregula-
tion and downregulates mRNA levels for the NMDAR1, NMDAR2A
and NMDAR2B subunits in the rat hippocampus. Acta Neurochir.
Ž .Suppl. 70, 275–278.

Ohno, M.H., Yoshida, H., Watanabe, S., 1994. NMDA receptor-mediated
expression of FOS protein in the rat striatum following metham-
phetamine administration: Relation to behavioural sensitization. Brain
Res. 665, 135.

Pulvirenti, L., Swerdlow, N.R., Koob, G.F., 1991. Nucleus accumbens
NMDA antagonist decreases locomotor activity produced by cocaine,
heroin or accumbens dopamine, but not caffeine. Pharmacol. Biochem.
Behav. 40, 841–845.

Schulteis, G., Markou, A., Gold, L.H., Stinus, L., Koob, G.F., 1994.
Relative sensitivity to naloxone of multiple indices of opiate with-
drawal: A quantitative dose–response analysis. J. Pharmacol. Exp.
Ther. 271, 1391–1398.

Schulteis, G., Heyser, C.J., Koob, G.F., 1997. Opiate withdrawal signs
precipitated by naloxone following a single exposure to morphine:
Potentiation with a second morphine exposure. Psychopharmacology
129, 56–65.

Tokuyama, S., Wakabayashi, H., Ho, I.K., 1996. Direct evidence for a
role of glutamate in the expression of the opioid withdrawal syn-
drome. Eur. J. Pharmacol. 295, 123–129.

Trujillo, K.A., Akil, H., 1991. Inhibition of morphine tolerance and
dependence by the NMDA receptor antagonist MK-801. Science 251,
85–87.

Vlaskovska, M., Schramm, M.M., Nylander, I., Kasakov, L., You, Z.,
Herrera-Marschitz, M., Terenius, L., 1997. Opioid effects on 45Ca2q

uptake and glutamate release in rat cerebral cortex in primary culture.
J. Neurochem. 68, 517–524.

Yukhananov, R.Y., Larson, A.A., 1994. Involvement of NMDA receptors
in naloxone-induced contractions of the isolated guinea pig ileum
after preincubation with morphine. J. Pharmacol. Exp. Ther. 271,
1365–1370.


