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MK-801 inhibits the development of morphine tolerance at spinal sites 
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The N-methyl-o-aspartate (NMDA) receptor antagonist MK-801 has been shown to attenuate tolerance development in rats. In this study, we 
show that MK-801 inhibits tolerance to the antinociceptive effects of morphine, as assessed by the tail-flick test, in spinalized rats. These results 
suggest that NMDA receptor antagonists inhibit opiate tolerance at spinal sites, and also provide strong evidence that the effects of MK-801 are 
not due to its ability to interfere with associative learning, but instead to inhibition of non-associative mechanisms of opiate tolerance. 

Opiates are an important class of drugs in the clini- 
cal t reatment  of pain. However, tolerance to the anal- 

gesic effects of these drugs develops with chronic use, 
resulting in decreased effectiveness over time. An im- 
portant  research goal has been to understand the 

mechanisms underlying the development of opiate tol- 
erance. Such an understanding might lead to treat- 
ments that could prevent the development of tolerance 

and thereby extend the clinical effectiveness of opiate 
analgesics. 

Recent  studies in our laboratory 13-t~ and others 2'11'12 

have shown that the non-competitive N-methyl-o- 
aspartate (NMDA) receptor antagonist MK-801 (di- 

zocilpine) inhibits the development of opiate tolerance 
and dependence without affecting pain responsiveness, 
and without altering the acute analgesic effects of 
morphine. These results suggest that the development 
of opiate tolerance and dependence,  like other forms 
of neural and behavioral plasticity, such as learning, 
long-term potentiation and kindling, involves N M D A  
receptor activation 4'5. 

Two possible explanations have been suggested for 
the ability of N M D A  receptor antagonists to inhibit 
opiate tolerance 2'14't6'~7. First, it is possible that N M D A  

receptor antagonists interfere with the fundamental  
physiologic changes that occur during the development 

of tolerance and thereby inhibit non-associat ive  or 
pharmaco log ic  tolerance. However, learning mecha- 
nisms have been found to have a role in the develop- 

ment  of tolerance under  certain experimental condi- 
tions, and N M D A  receptor antagonists have been re- 
ported to interfere with learning. It is thus possible 
that N M D A  receptor antagonists could inhibit opiate 

tolerance by interfering with the learning of associa- 
tions between drug effects and environmental cues, 
and therefore inhibit associative or behavioral  toler- 
ance. 

In the present study we had two goals: (1) we were 
interested in determining whether N M D A  receptor 

antagonists inhibit opiate tolerance by interfering with 
associative or non-associative mechanisms of tolerance; 
and (2) we wished to determine whether this effect 
involved neural changes at the spinal level or in higher 
brain centers. To accomplish these, we examined the 
ability of MK-801 to inhibit the development of toler- 
ance to the antinociceptive effects of morphine, as 
assessed by the tail-flick test, in spinalized rats. The 
tail-flick response is a spinal reflex that remains intact 
following spinal transection 3. Morphine inhibits the 
tail-flick response in spinalized animals (i.e. it produces 
antinociception), and tolerance develops to these 
antinociceptive effects during chronic administration of 
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morphine. 3 Since learning processes, such as the estab- 
lishment of associations between drug effects and envi- 
ronmental stimuli, presumably require integration at 
higher brain centers, the spinalized animal appears to 
be an ideal system for examining a relatively pure 
non-associative tolerance. If MK-801 interferes with 
tolerance to the antinociceptive effects of morphine in 
the spinal animal, then this would suggest that NMDA 
receptor antagonists have the ability to inhibit non-as- 
sociative tolerance. In addition, such a finding would 
indicate that the spinal cord is an important site of 
action for the inhibition of tolerance by MK-801. 

Preliminary reports of this work were presented at 
the 1992 meetings of the American Society of 
Anesthesiologists 8 and the Society for Neuroscience 9. 

Institutional approval was obtained prior to the 
study. Twenty adult male Sprague-Dawley rats (201- 
225 g, Charles River, Portage, MI, USA) had ad libi- 
turn access to food and water, and were maintained on 
a 12 h light cycle. Animals were allowed to habituate to 
the animal colony for 1 week, then underwent a T 8 
spinal transection as previously described 7. Briefly, un- 
der deep chloral hydrate anesthesia, a laminectomy 
was performed at T 8 and two segments (approx. 4 mm) 
of spinal cord were completely removed by excavation. 
Animals were then housed individually in plastic cages 
for the duration of the study. After allowing one week 
for recovery from surgery, baseline tail-flick latencies 

were determined. Animals were then implanted with 
either one morphine (75 mg, NIDA) or placebo pellet 
and one osmotic minipump (Alzet, Model 2002, Palo 
Alto, CA) infusing either MK-801 (0.1 mg /kg /day )  or 
saline. On day 3, one additional pellet of the same type 
was implanted in each animal. Tail flick latencies 6 
were measured 4 h after each pellet implantation and 
daily thereafter. Completeness of the spinal cord le- 
sions was verified using an operating microscope after 
sacrifice. Data were converted to percent maximum 
possible effect ~° and analyzed using a two-factor re- 
peated measures ANOVA. Subsequently, the Fisher 
PLSD was used as a post-hoc test to analyze differ- 
ences between groups at specific time points. P < 0.05 
was required for significance. 

MK-801, in the presence of placebo pellets, had no 
effect on tail flick latency when compared with saline- 
infused control animals (Fig. 1). Rats treated with 
morphine pellets and saline infusions showed near- 
maximal morphine antinociception at 4 h after the first 
pellet implant, and developed complete tolerance 
within 48 h. No antinociceptive effects of morphine 
were seen in these animals after the second pelleting. 
In contrast, rats treated chronically with morphine and 
MK-801 displayed significant levels of morphine 
antinociception throughout the 6 days of treatment, 
including an increase in antinociception after the sec- 
ond pelleting. 
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Fig. 1. Effect of MK-801 on morphine tolerance in spinalized rats. Twenty rats underwent T s spinal transection and were allowed to recover for 1 
week. Animals then were implanted with osmotic minipumps infusing either MK-801 or saline, and with either 75 mg morphine or placebo 
pellets. One additional pellet of the same type was implanted 3 days later. Tail flick latencies were tested prior to and 4 h after each pellet 
implantation, and daily thereafter. MK-801 exhibited no intrinsic analgesic properties, and did not augment morphine analgesia. Rats treated 
with saline and morphine rapidly developed morphine tolerance, and did not display analgesia with repeated morphine pelleting. Rats treated 
with MK-801 and morphine showed significant analgesia throughout the study and an increase in analgesia with repeat pelleting, t p < 0.05 when 

compared with placebo groups. * P < 0.05 compared to placebo and saline-morphine groups. 
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The high levels of morphine antinociception seen 
throughout the experiment in MK-801 treated animals 
is consistent with earlier suggestions that this drug 
inhibits the development of opiate tolerance 2~1- t s. The 

lack of effect of MK-801 in placebo pelleted animals 
confirms previous work demonstrating that MK-801 
itself does not affect the tail-flick response 11'j4. Since 
MK-801 did not affect tail-flick latencies, the increased 
antinociception seen in the MK-801/morphine  group 
was not due to MK-801-induced changes in antinoci- 
ception. Although MK-801 had no effects on its own, it 
might be argued that this drug could alter the antinoci- 
ceptive actions of morphine, leading to the observed 
increases in tail-flick latency. However, although not 
examined in the present experiment, previous studies 
have convincingly demonstrated that MK-801 does not 
alter the antinociceptive effects of morphine 13'14'~7. It 
thus appears that MK-801 inhibits the development of 
tolerance in spinalized animals. The ability of MK-801 
to inhibit tolerance in a preparation devoid of 
supraspinal input provides strong evidence that learned 
associations did not play a major role in the effects of 
this drug. The results therefore lead us to conclude 
that MK-801 has the ability to inhibit non-associative 
opiate tolerance at the spinal level. These results sup- 
port previous findings on the ability of NMDA recep- 
tor antagonists to inhibit non-associative opiate toler- 
ance in animals with an intact spinal cord 2'w. 

Previous studies have shown a reduction of baseline 
tail-flick latency ~ and a decrease in the maximum 
antinociceptive effect of morphine"3 in spinalized rats. 
Although not directly examined in the present experi- 
ment, when compared with similar paradigms in intact 
animals iT, our results appear to reflect a similar change 
in the effect of morphine. However, despite the poten- 
tial differences in the antinociceptive effects of mor- 
phine, the inhibition of tolerance seen with MK-801 in 
spinal animals is at least as robust as the effect seen in 
intact animals ~4'~7. The results suggest that inhibition 
of neural plasticity in the spinal cord, rather than in 
the brain, is responsible for the inhibition of tolerance 
by NMDA receptor antagonists. However, our data do 
not exclude the possibility that supraspinal sites may 
contribute to the inhibition of tolerance in the intact 

animal. 
In sum, these data show that MK-801 inhibits the 

development of morphine tolerance in a preparation 
devoid of supraspinal input. It thus appears that the 
effects of NMDA receptor antagonists on opiate toler- 
ance may be primarily due to the ability of these drugs 

to inhibit non-associative tolerance. NMDA receptors 
appear to be involved in the development of opiate 
tolerance at spinal sites, and may Nay a fundamental 
physiologic role in this process. These findings may 
have important implications both for understanding 
basic mechanisms of tolerance development and for 
the clinical management of patients requiring long 
term narcotic therapy. 
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