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Abstract

Morphine is a strong and widely used opioid analgesicin
pain management, but some adverse effects limit its clin-
ical use at high doses. The clinically available non-opioid
antitussive, dextromethorphan (DM) can potentiate the
analgesic effect of morphine and decrease the dose of
morphine in acute postoperative pain. However, the
mechanism underlying this synergistic phenomenon is
still not clear. To examine if the potentiation by DM
occurs through the descending pain-inhibitory path-
ways, ketanserin (a 5-HT, receptor antagonist) and yo-
himbine (an ay-adrenergic receptor antagonist) were em-
ployed and found to have no significant effect on the
potentiation by DM. Using local delivery of drugs in rats
in the present study, potentiation of morphine-induced
antinociception by DM was observed via both intrathecal
and intracerebroventricular routes, suggesting that both
spinal and supraspinal sites are involved. This suggests
that the potentiation of morphine-induced antinocicep-

tion by DM is not mediated by the serotoninergic or
adrenergic descending pain-inhibitory pathways. The
present results are consistent with findings in clinical
studies, which showed that DM can effectively decrease
the consumption of morphine in patients suffering from
pain. Since DM has excellent clinical potential as a syner-
gistic agent with morphine, further investigating and
clarifying the possible pharmacological mechanism of
DM are of great importance for future studies.

Copyright © 2004 National Science Councit, ROC and S. Karger AG, Basel

Introduction

Morphine has been administered for over 100 years to
allay anxiety and is widely used to reduce pain associated
with disease and surgery. It is the most important, strong
opioid an algesic presently available and is recommended
by the World Health Organization as the drug of choice
for the treatment of moderate to severe, acute or chronic,
postoperative, and cancer pain. Some adverse effects,
however, such as nausea, vomiting, hypotension, consti-
pation, and respiratory depression, etc., have limited its
clinical use at high doses. Chronic administration of mor-
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phine leads to tolerance to its analgesic effects, and
increasing the drug dose to maintain analgesia leads to the
appearance of undesirable side effects [40, 44]. Recent
findings from animal studies have suggested that N-meth-
yl-D-aspartate (NMDA) receptor antagonists, such as
MK-801 [15, 34] or ketamine [2, 32], can potentiate the
antinociceptive effects of morphine and decrease the dose
of morphine [53]. Indeed, ketamine has been suggested to
work as a useful adjunct with morphine in the treatment
of pain [55]. But its narrow therapeutic window, short
duration of action, and severe side effects such as halluci-
nations and psychotomimetic side effects have limited its
role in acute pain management [50]. Severe neurotoxici-
ties from MK-801 have also limited its use in clinical
trials.

Another clinically available NMDA receptor antago-
nist is dextromethorphan (DM), which is a well-known
over-the-counter antitussive with an established safety
record of about 50 years [4, 38]. The therapeutic cough-
suppressant dose of DM (1 mg/kg/day) produces no major
opioid-like analgesia, respiration-depressing, or hemody-
namic side effects, nor does it induce complications due
to histamine release [5]. In a previous clinical double-
blind study [6], we found that the preoperative adminis-
tration of intravenous DM significantly reduced the post-
operative morphine consumption for 48 h. Grass et al.
[15] and Hoffmann et al. [19] also showed that systemical-
ly administered (intraperitoneally or subcutaneously) DM
can potentiate the antinociceptive effect of morphine
rather than reverse its tolerance in rats. Weinbroum et al.
[49] reviewed and described how DM attenuated the sen-
sation of acute pain at oral doses of 30-90 mg without
significant side effects, and reduced the amount of analge-
sics in 73% of DM-treated patients postoperatively.
Therefore, DM seems to be a useful synergistic agent with
morphine for the treatment of pain. However, to our
knowledge, there are few specific studies which have
focused on investigating the mechanism underlying the
potentiation of morphine-induced antinociception by
DM.

Our preliminary experiments showed that DM can
affect the concentration of morphine in the plasma of rats
[data not shown, manuscript in prep.]. Therefore, in order
to avoid the interference by pharmacokinetic factors, ani-
mals were treated with drugs localized at the spinal or
supraspinal level, and examined for the antinociceptive
effects by the tail-flick test in the present study. We hoped
that these experiments would clarify if the action of DM
in potentiating morphine-induced antinociception is ex-
erted at the spinal or supraspinal level. To further investi-

718 J Biomed Sci 2004;11:717-725

gate the possible mechanism of DM, a selective a; antago-
nist (yohimbine) and a 5-HT, antagonist (ketanserin)
were used to block the descending pain-inhibitory path-
ways which have been reported to mediate the supraspi-
nal antinociceptive action of systemically administered
morphine [41, 54]. Much evidence indicates that mor-
phine, probably by disinhibition of GABAergic neurons,
can activate two major descending pain-inhibitory path-
ways, a serotoninergic and an adrenergic pathway from
the raphe nucleus and the locus ceruleus, respectively [21,
35]. Therefore, potentiation of morphine-induced antino-
ciception by DM may be related to the enhancement of
one or two of these neuropathways, and so this was exam-
ined in the present study.

At the molecular level, DM has been reported to be
capable of binding to NMDA receptors (at the phency-
clidine site) [11, 28], nicotinic receptors [17], and sigma
receptors [7]. Although DM is generally recognized as
having a role as a weak NMDA antagonist, the possible
effect of DM on morphine binding affinities to p-opioid
receptors has rarely been formally examined. Using a
[*H]DAMGO binding assay, DM was tested for its possi-
ble effect on morphine binding to p-opioid receptors in
the present study. These experimental results should be
helpful in clarifying whether the potentiation of mor-
phine-induced antinociception by DM occurs at the p-
opioid receptor level.

Materials and Methods

Experimental Animals

The experimental protocol was approved by the Animal Care and
Use Committee of the National Defense Medical Center, Taiwan.
Ten-week-old male Sprague-Dawley rats weighing between 300 and
350 g (purchased from the National Experimental Animal Center,
Taipei, Taiwan) were used. Three rats were kept in a cage before
surgery, but they were housed 1 rat per cage after surgery. All animals
were kept in the animal rooms of the National Defense Medical Cen-
ter before the experiments. The animal rooms were maintained at 23
+ 2°C with a 12-hour light/dark cycle. Food and water were avail-
able ad libitum throughout the experiment.

Chemicals

[PFH]IDAMGO was purchased from Perkin-Elmer Life Sciences
(Boston, Mass., USA). Morphine hydrochloride was purchased from
the National Bureau of Controlled Drugs, National Health Adminis-
tration, Taipei, Taiwan, ROC. Dextromethorphan and MK-801 were
purchased from RBI (Natick, Mass., USA). All of the other chemicals
were supplied by Sigma (St. Louis, Mo., USA).

Determination of the Antinociceptive Effects of the Drugs
Morphine- or drug-induced antinociception was evaluated by the
tail-flick test [10, 43]. Basal latency was first determined and found to
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range from 2.5 to 3.5 s. The cutoff time was set at 10 s to prevent
excess injury to the tail. For each rat, the basal latency was deter-
mined at least three times, and then the drug to be tested was
injected. Tail-flick latency was recorded at 30, 60, 90, 120, 150, 180,
210, and 240 min after drug administration. The antinociceptive
response is presented as the tail-flick latency minus the basal latency
as shown in figure 1A. The area under the time-response curve
(AUC) as shown in figure 1B was calculated following the trapezoidal
rule [16] using computer programs of pharmacologic calculations
(PHARMY/PCS, Springer, New York, N.Y., USA). The AUC value
was regarded as an index of the antinociceptive effect of the drugs.

Implantation of an Intrathecal Catheter and an

Intracerebroventricular Guide Cannula

For implantation of intrathecal catheters, rats were anesthetized
with pentobarbital (50 mg/kg, 1.p.), and an intrathecal catheter was
implanted at the lumbar level for drug administration as previously
described [52]. For implantation of an intracerebroventricular can-
nula, animals were first anesthetized with sodium pentobarbital
(50 mg/kg, i.p.), and then a stainless-steel cannula (thin-walled, 23-
gauge stainless-steel tube) was implanted into the left lateral ventricle
according to the coordinates: p +1.0 mm, L +1.25 mm, and V -4 to
5 mm using the bregma as the origin [31, 41]. The cannula was firmly
attached to the skull with two metal screws and dental cement [41].
Each animal was allowed 4 days to recover from the surgery, and was
not used for more than one experiment. Any rat showing motor
impairment was not employed in the following study.

One day before the experiment, animals with intrathecal cathe-
ters were injected with 20 pl of 2% lidocaine in a microsyringe (Ham-
ilton, 25 pl) to induce 10-20 min of temporary motor blockade of the
lower limbs if the catheter was in the correct position. For animals
with the intracerebroventricular guide cannula, the position of the
cannula was confirmed by negative pressure from the lateral ventri-
cle, which caused 5 ul of saline in the catheter connected to the can-
nula to fall freely by gravity.

Drug Administration

In the experiments using systemic administration, drugs were
administered subcutancously (s.c.), and the rats were randomly
divided into four groups: saline (control), morphine (M), dextrome-
thorphan (DM), and dextromethorphan+morphine (DM+M). There
were at least 6 rats in each group.

For local administration of drugs, intrathecal or intracerebroven-
tricular injections were given to animals. In order to evaluate the
impact of intrathecal yohimbine (Yoh) on the ability of DM to poten-
tiate the antinociceptive effect of morphine, rats were randomly
divided into four groups in another set of experiments. Both the mor-
phine and DM+M groups were intrathecally (i.t.) pretreated with
saline 20 min prior to drug injection. Afterwards, 0.5 ug morphine
(i.t.) or 0.5 ug morphine (i.t.) co-administered with 2 pg DM was
given to the morphine or DM+M group, respectively. Both the
Yoh+M or Yoh+DM+M groups were pretreated with 15 ug yohim-
bine (i.t.) 20 min before the injection of intrathecal morphine or in-
trathecal morphine co-administered with intrathecal DM, respec-
tively. The effect of pretreatment with ketanserin was also tested
in the same manner. Rats were divided into the morphine, DM+M,
Ket+M, and Ket+DM+M groups, but the dose of ketanserin was
5ug(it.).

At the supraspinal level, the effect of ketanserin or yohimbine
pretreatment was also examined in a similar way as described above
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Fig. 1. The effect of systemic DM on the antinociceptive effect of
morphine (M). A Tail-flick latency was measured every 30 min after
subcutaneous injection of saline or drug(s). Basal latency (2.5-3.5 s)
was determined before drug administration. B The AUC (shown in
A) was calculated according to the trapezoidal rule. One-way
ANOVA followed by the Newman-Keuls test was used to analyze the
data. 2p < 0.01 vs. the control group, b p < 0.01, vs. the M group.
Means £ SEM. Each group contains at least 6 rats.

but via intracerebroventricular (i.c.v.) administration. The doses of
morphine and DM were 2 (i.c.v.) and 8 ug (i.c.v.), respectively; the
dose of yohimbine pretreatment was 15 pg (i.c.v.), and the dose of
ketanserin pretreatment was 5 pg (i.c.v.). Both ketanserin and yohim-
bine pretreatments were performed 20 min prior to intracerebroven-
tricular administration of morphine or DM+M.

In another set of experiments, morphine (2 ug, i.c.v.) or morphine
(2 ug, i.c.v.) + DM (8 pug, i.c.v.) was given supraspinally, but the pre-
treatment with ketanserin (5 pg, i.t.) or yohimbine (15 pug, i.t.) was
performed intrathecally. Following each intrathecal or intracerebro-
ventricular injection, the catheter was gently flushed with 10 or 5 pl
of saline, respectively.

Receptor Binding Assay

Opioid-naive rats were decapitated, and their brains (excluding
the cerebellum) were quickly frozen on dry ice, and weighed. Brain
tissues were thawed and placed in 50 mM Tris buffer (pH 7.4;
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1:10 w/v), homogenized by a Polytron setting at 6 for 20 s in a cooling
ice bath, and centrifuged for 20 min (25,000 g, 4°C) [27, 39]. The
supernatant was discarded, and membranes were saved. Tris buffer
was added (1:50 w/v), and the pellet was resuspended and placed in a
36.5 = 0.5°C water bath for 20 min to remove endogenous opioids.
The homogenate was centrifuged at 25,000 g (4 °C) again for 20 min,
and the supernatant was discarded. The entire homogenization and
centrifugation process was repeated three times. The final pellet was
resuspended in 3 ml of 50 mAf Tris buffer, and stored at -70°C.

The saturation binding assay of [*H]DAMGO was first carried
out to determine the Kp of [PHJDAMGO with final concentrations of
0.1,0.3,0.5, 1.0, 3.0, 5.0, and 10.0 nM. Competition binding studies
were next carried out to determine the K; of morphine and also the
effect of DM on the affinity of morphine to bind to the p-opioid
receptors. Different concentrations of morphine (final concentra-
tions of 0.5, 1, 3, 5, 10, 30, and 50 nM) were added to Tris buffer
containing 1.0 nM [*H]DAMGO, 10 mM MgCl,, and the membrane
suspension. In order to examine the effect of DM on morphine bind-
ing, an identical set of solutions was prepared, and DM (at final con-
centrations of 2, 4, 12, 20, 40, 120, and 200 nAf) was also included in
the buffer for binding incubation. Nonspecific binding was deter-
mined by adding 1 uM naloxone.

Binding reactions were allowed to proceed at room temperature
for 2 h. Then, the incubation suspensions were filtered by a Skatron
semi-automatic cell harvester (model 11025, Skatron Instruments,
Sterling, Va., USA), and washed three times with Tris buffer. Filters
were collected and soaked in scintillation cocktail (Ready Safe, Beck-
man, Fullerton, Calif., USA) overnight at room temperature. The
radioactivity of the cocktail with the filters was measured in a f3-
counter (LS-6000TA, Beckman). Protein concentrations of the mem-
branes were assayed by the Lowry method [25]. Byax, Kp, and K;
were calculated using the EBDA and Ligand programs [42].

Statistical Analyses

Results are all expressed as the mean = SEM. Analysis of vari-
ance (ANOVA) was used to assess the statistical significance of the
repeated measures of the overall data, and differences between the
individual mean values in different groups were analyzed by the
Newman-Keuls test. For comparison of two different groups, un-
paired t test was used. Ditferences were considered to be significant
at p<0.05.

Results

Effect of Systemically Administered DM on

Morphine-Induced Antinociception

The tail-flick latencies of rats in the saline (control) and
DM groups were quite stable over time (fig. 1A). There
was no antinociceptive effect induced by saline or DM
(20 mg/kg, s.c.). The antinociceptive effects of morphine
(5 mg/kg, s.c.) or DM (20 mg/kg, s.c.) + morphine reached
a maximum at 30 min and then gradually diminished
between 180 and 210 min after the injection. The dura-
tion of the antinociceptive effect of morphine was pro-
longed by DM, but the efficacy was not changed (fig. 1A).
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As indicated by the AUC of the tail-flick response over
time (fig. 1B), morphine induced significant antinocicep-
tion (1,284.0 £ 35.8 vs. 69.6 £ 28.5 s x min), and DM
further potentiated morphine-induced antinociception
from 1,284.0 £ 35.8t01,618.3 = 53.0s x min (a 26.0%
increase).

Effect of Intrathecal Pretreatment with Ketanserin or
Yohimbine on the Ability of DM to Potentiate the
Antinociception of Morphine at the Spinal Level

As shown in figure 2, we found that intrathecal DM
(2 ng, i.t.) also potentiated antinociception induced by
morphine (0.5 pg, i.t.) to a similar extent (AUC: 816.4 *
40.3vs.1,029.8 £ 48.5s x min;a 26.1% increase) as that
of the systemic route.

Intrathecal ketanserin pretreatment was found to
cause a 16.5% decrease in the antinociceptive effect of
morphine (the AUC decreased from 816.4 = 40.3 to
681.8 = 40.0 s x min; fig. 2). When 5 pg of ketanserin
pretreatment was given intrathecally, DM was still able to
increase morphine (0.5 pg, 1.t.) antinociception from
681.8 = 40.0to 863.1 = 36.2's X min (a 26.6% increase;
fig. 2).

Similarly, intrathecal yohimbine pretreatment (15 ug)
also caused a decrease (17.7%) in the antinociceptive
effect of morphine from 917.0 = 46.4t0 754.9 £ 459
X min (fig. 3). However, DM was still able to potentiate
morphine (0.5 pg, i.t.) antinociception as well under this
condition (AUC: 986.8 = 42.8 vs. 754.9 £ 45.9 s x min
for Yoh+DM+M vs. Yoh+M, respectively; a 30.7% in-
crease as shown in fig. 3).

Effect of Intracerebroventricular Pretreatment with
Ketanserin or Yohimbine on the Ability of DM to
Potentiate Morphine Antinociception at the
Supraspinal Level

When DM (8 ug, i.c.v.) was given supraspinally, it also
significantly potentiated the antinociceptive effect of su-
praspinal morphine (2 pg, i.c.v.) from 778.4 = 56.1 to
1,094.6 = 65.7 s x min (fig. 4). The increase in AUC was
40.6%.

Supraspinal pretreatment with ketanserin (5 pg, i.c.v.)
decreased morphine antinociception by 33.4% (fig. 4).
When ketanserin was pretreated 20 min before the injec-
tion of morphine (2 pg, i.c.v.) or DM+M (8 ug of DM +
2 pg of morphine, i.c.v.) via the intracerebroventricular
route, DM still potentiated morphine antinociception by
41.3% (fig. 4).

Similarly, intracerebroventricular yohimbine (15 pg,
i.c.v.) decreased morphine antinociception by 19.5%

Chow/Huang/Ho/Tsai/Tao



1,200 a

1,000

800 —

AUC (s x min)

600 —

200
o L

M DM + M

Ket+ M Ket + DM
+M

1,200 7
1,000 |
800 —
600 —L
200

1| I

M DM + M

AUC (s x min)

Yoh + M Yoh + DM
+M

Fig. 2. The effect of intrathecal ketanserin (Ket, 5 ug) on the antino-
ciceptive effect of morphine (M, 0.5 pg, i.t.) and the potentiating
effect of DM (2 ug, i.t.) at spinal level. Means = SEM. Each group
contains at least 6 rats. 2 p< 0.05 and ® p<0.01, vs. the M group; ¢ p<
0.05 vs. the Ket+M group.

Fig. 3. The effect of intrathecal yohimbine (Yoh, 15 ug) on the anti-
nociceptive effect of morphine (M, 0.5 pg, i.t.) and the potentiating
effect of DM (2 pg, i.t.) at spinal level. Means + SEM. Each group
contains at least 6 rats. 2 p<0.05 and ® p<0.01, vs. the M group. ¢ p<
0.01 vs. the Yoh+M group.
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Fig. 4. The effect of ketanserin (Ket, 5 pg, i.c.v.) on the antinocicep-
tive effect of morphine (M, 2 ug, i.c.v.) and the potentiating effect of
DM (8 ug, i.c.v.) at supraspinal level. Each group contains at least 6
rats. 2 p < 0.01 vs. the M group, °p < 0.01 vs. the Ket+M group.

(fig. 5). When yohimbine was given 20 min before the
injection of morphine (2 pg, i.c.v.) or DM+M (8 pg of DM
+2 pg of morphine, i.c.v.) via the intracerebroventricular
route, DM still potentiated morphine antinociception by
29.4% (fig. 5).

How Dextromethorphan Potentiates
Morphine

Fig. 5. The effect of yohimbine (Yoh, 15 ug, i.c.v.) on the antinoci-
ceptive effect of morphine (M, 2 ug, i.c.v.) and the potentiating effect
of DM (8 ug, i.c.v.) at supraspinal level. Each group contains at least
6 rats. 2p < 0.05 and ? p < 0.01, vs. the M group, ¢p < 0.05 vs. the
Yoh+M group.

Effect of Intrathecal Pretreatment with Ketanserin or

Yohimbine on the Ability of DM to Potentiate

Morphine Antinociception at the Supraspinal Level

As shown in figure 6, intrathecal ketanserin (5 pg, i.t.)
decreased the antinociception induced by supraspinal
morphine administration (2 pg, i.c.v.) by 19.1%. When
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Fig. 6. The effect of intrathecal ketanserin (Ket, 5 ug, i.t.) on the
supraspinal antinociceptive effect of morphine (M, 2 pg, i.c.v.) and
the potentiating effect of DM (8 pg, i.c.v.). Each group contains at
least 6 rats. 2p < 0.05 vs. the M group, P p < 0.01 vs. the Ket+M
group.

Table 1. The results of the morphine competition binding to
p-opioid receptors in [PTHIDAMGO binding assay in the presence or
absence of DM using cerebral membranes of morphine-naive rats

Group n K, nM Buax, fmol/mg
Morphine 6 2.09+£0.36 258.4134.0
DM +M 6 2.07£0.25 253.6+37.3

ketanserin (5 pg, i.t.) pretreatment was performed intra-
thecally, the potentiating effect of DM (8 ug, i.c.v.) on
morphine (2 pg, i.c.v.) antinociception at the supraspinal
level was still significant (a 30.6% increase; fig. 6).

Similarly, intrathecal yohimbine (15 pg, i.t.) also de-
creased the antinociception induced by intracerebroven-
tricular morphine (2 pg, i.c.v.) by 35.2%. When yohim-
bine (15 ug, i.t.) pretreatment was performed intrathecal-
ly, the potentiating effect of DM (8 ug, i.c.v.) on morphine
(2 ug, i.c.v.) antinociception at the supraspinal level was
still significant (a 24.1% increase; fig. 7).

Effect of DM on u-Opioid Receptor Binding

Cercbral membranes from morphine-naive rats were
used to determine the binding affinity of [SHIDAMGO to
p-opioid receptors. The Kp value of [SBHIDAMGO was
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Fig. 7. The effect of intrathecal yohimbine (Yoh, 15 ng, i.t.) on the
supraspinal antinociceptive effect of morphine (M, 2 pg, i.c.v.) and
the potentiating effect of DM (8 ug, i.c.v.). Each group contains at
least 6 rats. 2p < 0.05 and b p < 0.01, vs. the M group, ¢ p < 0.05 vs.
the Yoh+M group.

found to be 1.11 = 0.14 nM. As shown in table 1, the K;
value for morphine binding to p-opioid receptors was
2.09 £ 0.36 nM in the competition binding assay using
[PHIDAMGQO. In the presence of DM (at 4 times the con-
centration of morphine), the K; value for morphine bind-
ing to p-opioid receptors was not significantly changed
(K; =2.07 = 0.25 nM). The By value of [FHIDAMGO
binding also showed no significant difference between the
value obtained in the presence of morphine alone (258.4
+ 34.0 fmol/mg) and the one in the presence of both mor-
phine and DM (253.6 = 37.3 fmol/mg; table 1).

Discussion

In the present study, DM was demonstrated to poten-
tiate morphine antinociception systemically (s.c.), which
is consistent with other reports [15, 19]. In a further effort
to determine the site(s) of action of DM, intrathecal and
intracerebroventricular routes were also used to adminis-
ter DM, and we found that DM (intrathecally and intrace-
rebroventricularly) produced a similar extent of increase
on morphine antinociception to that obtained from sys-
temic DM. These results indicated that DM can poten-
tiate morphine antinociception at both the spinal and
supraspinal levels.
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Among the descending pain-inhibitory pathways, the
serotoninergic and adrenergic pathways are most impor-
tant and well documented [37, 41]. Projecting from the
nucleus raphe-magnus, the serotoninergic pathway termi-
nates at the dorsal horn of the spinal cord, thereby reduc-
ing spinal nociception. Another spinal projection arises
from the adrenergic cell groups in the pons and medulla
and from the nucleus paragigantocellularis, which also
mediates descending pain inhibition. Both descending
pathways receive inputs from the periaqueductal gray
(PAG) region. At the spinal level, nociception can be
attenuated by the local opioids, norepinephrine (NE) and
serotonin, which are released from descending inhibitory
noradrenergic and serotoninergic pathways [37]. The spi-
nal administration of NE [33] and serotonin [47] induces
antinociception in the rat.

Antinociception produced by the supraspinal injection
of morphine is blocked by intrathecally administered
antagonists of adrenergic receptors [51], whereas it is
enhanced by the intrathecally administered drugs that
block the reuptake of NE [24]. In addition, the profound
analgesic effect of morphine, via microinjection into the
PAG [13], is attenuated by prior depletion of NE stores in
the spinal cord [30], or intrathecal yohimbine (a,-adrener-
gic antagonist), but not by intrathecal prazosin (a-adren-
ergic antagonist) [45]. Intrathecal injection of the selective
ar-adrenergic agonist, clonidine, also leads to analgesia in
humans [26]. The results mentioned above may be caused
by increasing activation of descending adrenergic path-
ways via the locus ceruleus [1], by a direct inhibitory
effect on neuronal firing at receptor sites in the substantia
gelatinosa [22], or by a reduction in the release of sub-
stance P [23].

An intrathecal morphine injection can trigger an anti-
nociceptive effect by directly binding to the spinal p-
opioid receptor. Serotoninergic fibers are most abundant
in superficial zones (laminae I/1I and IV-VI). Intrathecal
serotonin can also cause antinociceptive effects by affect-
ing enkephalin release from spinal interneurons [46, 48].
Enkephalin receptors are also colocalized with ay-adren-
ergic receptors in projection neurons [12, 20]. Several
studies have demonstrated mutual (generally synergistic)
spinal antinociceptive properties of a,-adrenergic and
opioid agonists in both acute and chronic inflammatory
and neuropathic pain [9, 18]. In the present study
(fig. 2, 3), both intrathecal ketanserin and yohimbine sig-
nificantly inhibited the antinociceptive effect of intrathe-
cal morphine, further indicating that the role of the sero-
toninergic receptor and ap-adrenergic receptor in regulat-
ing spinal opioid antinociceptive effects.

How Dextromethorphan Potentiates
Morphine

In the present study using intrathecal pretreatment of
ketanserin (a 5-HT, receptor antagonist) or yohimbine
(an oy-adrenergic antagonist), DM showed the same ex-
tent of potentiation of morphine antinociception at the
spinal level. This indicates that the potentiation of mor-
phine antinociception by DM at the spinal level may be
independent of the activity of the serotoninergic and
adrenergic pathways.

In another set of experiments, we examined the effect
of supraspinal ketanserin or yohimbine pretreatment on
intracerebroventricular morphine-induced antinocicep-
tion. Ketanserin or yohimbine by intracerebroventricular
administration should be able to diffuse to the nuclei
which drive the descending pain-inhibitory pathways,
thereby reducing the activity of antinociception. The
same results were obtained, and it was found that DM still
increased morphine antinociception under either ketan-
serin or yohimbine pretreatment (i.c.v.).

Moreover, the effect of intrathecal ketanserin and yo-
himbine pretreatment on intracerebroventricular mor-
phine-induced antinociception was also investigated in
the present studies. It is well known that morphine acts at
supraspinal sites (e.g. the PAG) to generate potent antino-
ciceptive effects [45]. Similarly, blockade by ketanserin or
yohimbine at the spinal terminals of the descending pain-
inhibitory pathways did not affect the potentiation of
supraspinal morphine antinociception by DM (i.c.v.).
Taken together with previous results, the action of DM to
potentiate morphine antinociception seems to be exerted
at both the spinal and supraspinal levels, and it 1s not
related to the descending serotoninergic and adrenergic
pathways.

A limitation on our conclusions regarding 5-HT recep-
tors is that we only used an antagonist that is selective for
5-HT; receptors. However, based on reports by others [3,
29, 36], we speculated that the 5-HT, receptor is the key
type involved in morphine-induced antinociception.
There are four major types of 5-HT receptors, i.e. 5-HT;,
5-HT,, 5-HT;, and 5-HT4 receptors, which have been
identified as being distributed in the spinal cord. Many
studies have implicated 5-HT4 and 5-HT, as being the
most important in spinal antinociception mediated by the
descending pain-inhibitory pathways [29]. Bardin et al.
[3] showed that the antinociceptive effect of serotonin
(1 pg, i.t.) was significantly attenuated by intrathecal pre-
treatment with ketanserin. In this report, the other sub-
types of 5-HT receptors, such as 5-HT; 5 and 5-HT4 recep-
tors, did not seem to be involved in the descending pain-
inhibitory pathways, but 5-HT; receptors are known to
play an important role. Sasaki et al. [36] showed that the
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antinociceptive effects of DOI (a 5-HT; receptor agonist)
were found to be completely antagonized by intrathecal
pretreatment with ketanserin. Since intrathecally admin-
istered 5-HT produces antinociception in rats, rabbits,
and cats as demonstrated by Yaksh and Wilson [54] in
1979, a number of subsequent studies highlighted the role
of 5-HT, receptors in antinociception [14, 29, 36]. Al-
though it is possible that 5-HT,, 5-HT3, and 5-HT,
receptors may also be involved in a minor proportion of
the descending pain-inhibitory pathways, pretreatment
with ketanserin to block 5-HT, receptors should be capa-
ble of shutting down most of the descending serotoniner-
gic pathways, thus ruling out its impact on the potentia-
tion of morphine antinociception by DM.

Although the binding of DM to opioid receptors was
predicted not to occur at low concentrations, the possible
allosteric effect of DM on opioid binding has never been
formally investigated and reported. In the present study,
we examined the possible effect of DM on p-opioid recep-
tor binding using [3H]DAMGQO as the radioactive ligand
for the p-opioid receptors, and found that the binding of
morphine to p-opioid receptors was not affected by DM.
The concentration of DM applied in the competition
binding assay was four times that of morphine, which was
similar to the dosage ratio we used in vivo. The present
results possibly rule out the direct interaction between
DM and morphine at the opioid receptor level in correla-
tion with the mechanism of potentiation of morphine
antinociception by DM.
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