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Abstract

In the present study the effect of dextromethorphan on naloxone-induced withdrawal signs in morphine-dependent mice was examined.
In addition, the modulatory role of dopaminergic mechanisms upon the effect of dextromethorphan was investigated. Mice were rendered
dependent on morphine by subcutaneous (s.c.) injections of morphine sulfate three times a day for 3 days, and withdrawal signs were
induced by intraperitoneal (i.p.) administration of naloxone 2 h after the 10th injection of morphine sulfate on day 4. Dextromethorphan
(20-50 mg/kg, i.p.) caused a significant decrease in withdrawal jumping, paw-shakes, grooming, burrows, writhing and diarrhea in
morphine-dependent mice. The mixed dopamine D, /D, receptor agonist apomorphine (0.5 and 1 mg/kg, s.c.) reduced the response
induced by dextromethorphan. The effect of apomorphine was blocked by the dopamine D, receptor antagonist SCH 23390
(R-(+)-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyl-1H-3-benzazepine-7-ol maleate) (0.5 and 1 mg/kg, i.p.) but not by the dopamine
D, receptor antagonist sulpiride (25 and 50 mg/kg, s.c.) nor the peripheral dopamine receptor antagonist domperidone (5 and 10 mg/kg,
s.c.). These results suggest that the dopaminergic system(s) may in part mediate the suppressive action of the NMDA receptor antagonist
dextromethorphan on naloxone-induced withdrawal signs in morphine-dependent mice. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dextromethorphan is a well-known over-the-counter an-
titussive drug with over 42 years of clinical usage experi-
ence (Church et al., 1989; Tortella et al., 1989). It is a
moderately potent but effective non-competitive NMDA
receptor antagonist (Wong et al., 1988). Non-competitive
NMDA receptor antagonists, such as dizocilpine maleate
(MK-801) and dextrophan, a metabolite of dextromethor-
phan (Church et al., 1989) have anxiolytic, anticonvulsant
(Clineschmidt et a., 1982) and analgesic effects (Elliott et
al., 1995a,b). Koyuncuoglu et al. (1974, 1976) reported
that the endogenous NMDA receptor agonists aspartic or
glutamic acids can antagonize some effects of morphine.
Furthermore, treatment of mice with opioid receptor ago-
nists has been reported to antagonize the effects of excita
tory amino acid receptor agonists that preferably stimulate
NMDA-type receptors of aspartatergic/glutamatergic sys-
tem (Aanonsen and Wilcox, 1987). There is good evidence
that after blockade of NMDA receptors with an antagonist
such as MK-801, the development of morphine tolerance
and dependence is reduced or prevented (Marek et 4.,
1991; Trujillo and Akil, 1991). Interactions between the

glutamatergic and dopaminergic transmissions were aso
observed in relation to the development of morphine toler-
ance and dependence (Huang et al., 1997). There are
cortical glutamatergic projections to extrapyramidal and
limbic structures and high levels of NMDA receptors in
these regions (Singh et al., 1992). Activation of NMDA
receptors has been shown to be effective in stimulating the
release of dopamine from the striatum and the limbic
system (Imperato et al., 1990; Krebs et al., 1991; Jin and
Fredholm, 1994). Recent reports also indicated that
dopamine in the these regions plays a important role in
opiate tolerance and dependence (Navarro et al., 1992;
Martin et al., 1997). In vivo microdiaysis studies show
that p-opioid receptor agonists increase extracellular
dopamine levels in striatum and nucleus accumbens of the
rat (Di Chiara and Imperato, 1988; Spanagel et al., 1990;
Kalivas and Stewart, 1991). A considerable amount of
evidence aso indicates that both acute and chronic admin-
istration of morphine increases dopamine synthesis
(Urwyler and Tabakoff, 1981) and turnover (Guaza et al.,
1980) in the rodents striatum and nucleus accumbens. The
results of the above studies suggest that glutamate /aspar-
tate—dopamine interactions at the severa brain regions
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may play a modulatory role upon the expression of opiate
withdrawal in rodents. This hypothesis would predict that
non-competitive NMDA receptor antagonist dextromethor-
phan should alleviate at least some of the signs of mor-
phine abstinence and dopaminergic mechanisms have a
modulatory role upon the effect of dextromethorphan. The
purpose of the present study was to determine the effect of
dextromethorphan on several parameters of withdrawal
symptoms induced by naloxone in morphine-dependent
mice and its possible interaction with dopaminergic mech-
anism(s).

2. Materials and method
2.1. Animals

All experiments were carried out on male Swiss—Web-
ster mice from the Pasteur Institute (Iran), 20-25 g body
weight. The animals were housed nine per plastic cage in
an animal room maintained at 21 + 2°C on a 12-h dark
cycle. Food and water were available at all times except
during the experiments. Each animal was used once only.

2.2. Induction of dependence

The mice were rendered dependent on morphine using
the method previously described by Marshal and Gra
hame-Smith (1971). Morphine sulfate was injected subcu-
taneoudly (s.c.) three times daily at 09:30, 13:30 and 17:30
h on the following dosage schedule. The first three doses
were 50, 50 and 75 mg/kg, respectively. The higher dose
at the third daily injection was aimed to minimize any
overnight withdrawal. Each of the dose was then increased
by 25 mg kg~ ! day . Morphine administration was car-
ried out over a maximum of 3 days for all groups of mice.
A dose of 50 mg /kg of morphine sulfate also was injected
on the 4th day (2 h before naloxone injection). Hyperactiv-
ity and the Straub tail effect were seen after morphine
injections.

2.3. Withdrawal

Groups of mice were tested for occurrence of with-
drawal signs after their 10th injection of morphine on day
4. Two hours after their 10th injection of morphine (50
mg,/kg), abstinence was precipitated by an intraperitoneal
(i.p.) injection of naloxone (5 mg/kg), a dose producing
approximately 50% withdrawal symptoms (Zarrindast and
Farzin, 1996); then animals were placed individually into a
cylindrical glass (25 cm in diameter, 40 cm height) and the
withdrawal symptoms were recorded over a 30-min period.

2.4. Diarrhea

Each mouse was transferred to a cylindrical glass im-
mediately following naloxone injection. The floor of each

cylinder was lined with preweighed paper towelling to
allow collection of wet and dry fecal matter, which was
weighed 30 min after administering naloxone. Results are
expressed as the weight in milligrams of feca materia
defecated per 10 g body weight in 30 min.

2.5. Behaviour

Animals were also observed for 30 min during the
collection of feces. The quantified signs of withdrawal
were jumping (all feet off the floor), paw-shakes, groom-
ing, burrows (escape digging) and writhing. The frequency
of these behaviours (score per 30 min) was recorded for
each animal and results are compared to the frequency in
the appropriate control group.

2.6. Drugs

The following drugs were used: R(—)-apomorphine
HCl (Research Biochemicals, USA), dextromethorphan
HBr (Research Biochemicals), domperidone (Research
Biochemicals), morphine sulfate (MacFarlan Smith, UK),
naloxone HCl (Sigma, UK), SCH 23390 (R-(+ )-8-chlo-
ro2,3,4,5-tetrahydro-3-methyl- 5 - phenyl - 1H - 3-benzaze-
pine7-ol maleate; Research Biochemicals), and sulpiride
(Sigma). In dl cases, the drug doses reported are for the
base, except for morphine sulfate. The drugs were dis-
solved in saline, except for sulpiride and domperidone,
which were dissolved in a drop of acetic acid and diluted
with saline. The vehicle control in respective cases was
acetic acid in saline. The drugs were given in a volume of
10 ml /kg and were prepared immediately before use. The
dose of antagonists and pretreatment time were usually
those used previously and shown to be pharmacologically
active (Zarrindast and Abolfathi-Araghi, 1992; Zarrindast
and Tabatabai, 1992; Zarrindast and Farzin, 1996;
Zarrindast et al., 1996)

2.7. Satistical analysis

Comparisons between groups were made with a New-
man—Keuls test following one-way analysis of variance
(ANOVA). Differences with p < 0.05 between experimen-
tal groups at each point were considered statistically signif-
icant.

3. Reaults

3.1. Effects of dextromethorphan on naloxone-induced
withdrawal signs

In morphine-dependent mice, dextromethorphan (20-50
mg/kg, i.p.) given 30 min before naloxone (5 mg/kg,
i.p.), produced dose-dependent reductions of withdrawal
jumping (F(4,47) = 12.22, p < 0.01) (ED, = 24 mg/kg),
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paw-shakes (F(4,43) = 8.16, p < 0.01) (EDg, = 26
mg,/kg), grooming (F(4,40) = 8.11, p < 0.01) (EDg, = 29
mg,/kg), writhing (F(4,40) = 3.77, p < 0.05) (EDy, = 25
mg/kg), burrows (F(4,40) = 22.02, p < 0.01) (EDg, = 23
mg,/kg) and diarrhea (F(4,48) = 6.25, p < 0.01) (ED,, =
40 mg/kg) (Fig. 1) (the EDy, values obtained by regres-
sion analysis). The dose of 30 mg/kg of dextromethor-
phan was chosen for subsequent experiments because the
mean of EDg, values equalled approximately 28 mg/kg.

3.2. Effect of apomorphine on the suppressive action of
dextromethor phan

In Fig. 2, it can be seen that the pretreatment of animals
with mixed dopamine D,/D, receptor agonist apomor-
phine (1 mg/kg, s.c., 30 min before naloxone) reversed
the suppressive action exerted by dextromethorphan

(30 mg/kg, i.p.) on naloxone-induced withdrawal jumping
(F(2,20) = 3.83, p < 0.04), paw-shakes (F(2,20) = 14.80,
p < 0.0001), grooming (F(2,20) = 10.42, p < 0.001), bur-
rows (F(2,20) = 7.03, p < 0.005), writhing (F(2,20) =
4.34, p<0.03). Pretreatment of animas with apomor-
phine also caused a reduction in the suppressive action of
dextromethorphan on the total amount of fecal matter. The
inhibitory effect of this drug became dtatisticaly signifi-
cant at 0.5 and 1 mg/kg (F(5,38) = 3.1, p < 0.02) (Fig.
2). Withdrawal jumping (F(2,20) = 0.12, p> 0.88), paw-
shakes (F(2,20) = 0.38, p> 0.69), grooming (F(2,20) =
0.25, p>0.78), burrows (F(2,20)=0.82, p > 0.45),
writhing (F(2,20) = 0.65, p > 0.53) and diarrhea (F(2,20)
=0.81, p > 0.46) induced by naloxone in animals treated
with apomorphine (0.5 and 1 mg/kg, s.c., 30 min before
naloxone) alone were not significantly different from that
of the saline controls (10 ml /kg, s.c.).
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Fig. 1. Effect of dextromethorphan on naloxone-induced withdrawal signs in morphine-dependent mice. Morphine-dependent mice were injected i.p. with
saline (10 ml/kg) and dextromethorphan (20-50 mg/kg). Saline or dextromethorphan were aways given 30 min before induction of withdrawal by
naloxone (5 mg/kg, i.p.). Jumping, paw-shakes, grooming, writhing and burrows were counted within 30 min and diarrhea was measured 30 min
following naloxone. Results are expressed as mean + SEM (n = 9-15 mice/group). * p < 0.05, ** p < 0.01, different from saline control groups.



38 D. Farzin / European Journal of Pharmacology 377 (1999) 35-42

A B A B
— Jumpin, *%
100 mping . *% Paw-shakes — 80 .
[ l— E
£ I ) — 60 %
b L K K3 *k%k
o o % M ]
60 — B KA % 2
o b0y B4 |-
E K b s %
3 RS K g B3 * kY — 40
= B KA o S oo ke
0 KX KX<) P< 4 [ < KXJ <X
s p— XM { X0 [ X K44 KX PO [ X
o ek 4 B oo I L K
s (S oo kd B S s
oo ] R ooo I % kR %
g B K s B R KKl 20 28
3 20 — B By R k4 B S £
z S S o R B 5
o o K By B
£ KK o R K z
%% [} KXd X X) <A % | [ X
o KA K] K o I
0 — . — 0
40 — orooming *%* surrows — 50
T
—_ *% -
E £
£ 30 — | H — 40 E
X <A 5%
E o B KK % — 30
0 PS5 150 K ]
[X 959 o X 0%
IS % oo [
] : ] [ £
20 B KA o o o
oo b oo % 2 K 3
= B KA % oo R K
o e ] P4 [ KX] KXY KX — 20
£ b RS b o oo I 5o% b
- <4 [ K4 X <> <A LX)
£ 0% P 1553 K] K<) ]
5o e % oo I RS $
10 - ° ] % (X K] ] KA
<o B k) oo S b £
o X4 [ K< X} P> X9 £ — 10
K< ] < [ K] K<) x|
o S k) oo B 3
R4 [ 4] ] Y IS IXS b4
£ <X P> < K<) K4 XX}
oo I Yo %02 I RX ‘o2 I %%
% 0% K54 X X) % <A [ X
0 - K R b kX B KA 0
-
— _ =
3 Writh Diarrhea 300 =
ing . *k 3
c r - 3
E I T 250 £
=
- =
2
2 | * I — 200 g
(XA £
o RS 3
=
] B3 il e KA - 3
£ 2 n K 150
< KX X % <A (X o
s S b B kK
- 3 b 4 K ot I 0% e
1 < K] kA B — 100
< = K Ry B
£ = K oo e b K E
1< % K KA by B
3 o 6 oo I s ot I 5% -
z < K K S
< K> < X] XA <A [ X
£y [<A 1S Y KXY KX
S KXY ] 203 B [X3 ®
0% o Yo% I %ot 2 B 0% p
0 ] K< P3N XS KX] KX K4 L o =)
0 05 1 0 05 1 0 05 1 ]
Apomorphine (mg/kg)

Fig. 2. Effect of apomorphine on withdrawa signs induced by naloxone (5 mg/kg, i.p.) in morphine-dependent mice, in the absence (A) or the presence
(B) of dextromethorphan (30 mg/kg, i.p.). Results are expressed as mean + SEM (n = 7-9 mice/group). * p < 0.05, **p < 0.01, *** p < 0.001, different

from saline control groups.

3.3. Effect of SCH 23390 on the withdrawal responses to
co- administration of apomorphine plus dextromethorphan

Pretreatment of animals with different doses of dopa-
mine D, receptor antagonist SCH23390 (0.5 or 1 mg/kg,
i.p., 45 min before naloxone) reversed the effect exerted by
a cocktail of apomorphine (1 mg/kg, s.c., 30 min before
naloxone) and dextromethorphan (30 mg/kg, i.p., 30 min
before naloxone) on naloxone-induced withdrawal jumping
(F(8,56) = 8.24, p < 0.0001), paw-shakes (F(8,58) =
23.39, p < 0.0001), grooming (F(8,56) =455 p<
0.0003), burrows (F(8,56) = 8.51, p < 0.0001), writhing
(F(8,56) =7.04, p<0.0001) and diarrhea (F(8,56) =
5.64, p < 0.0001) (Table 1). Pretreatment of animals with
SCH 23390 (1 mg/kg) aone significantly decreased the
jumping, paw-shakes and grooming responses induced by
naloxone in morphine-dependent mice.

3.4. Effects of sulpiride and domperidone on the with-
drawal responses to co-administration of apomorphine
plus dextromethorphan

Pretreatment of animals with different doses of
dopamine D, receptor antagonist sulpiride (25 and 50
mg/kg, s.c., 45 min before naloxone) did not change the
response exerted by apomorphine (1 mg/kg, i.p., 30 min
before naloxone) plus dextromethorphan (30 mg/kg, i.p.,
30 min before naloxone) on naloxone-induced withdrawal
jumping (F(2,18) = 0.17, p > 0.84), paw-shakes (F(2,20)
=0.40, p> 0.67), grooming (F(2,20) = 0.35, p> 0.71),
burrows (F(2,20) = 1.13, p > 0.34), writhing (F(2,20) =
0.55, p>0.58) and diarrhea (F(2,20) = 0.38, p> 0.69)
(Table 2). Treatment of animals with sulpiride (25 and 50
mg/kg, s.c.) aone did not have any significant effects on
the withdrawal signs induce by naloxone (5 mg/kg, i.p.)
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Table 1

Effect of the dopamine D, receptor antagonist SCH 23390 (SCH) alone or in combination with dextromethorphan (DEX) and a cocktail (C) of
apomorphine and dextromethorphan on naloxone-induced withdrawal signs in morphine-dependent mice

Animals were injected saine (10 ml /kg), saline in combination with SCH 23390 (0.5 and 1 mg/kg), dextromethorphan (30 mg,/kg) and a cocktail of
apomorphine (1 mg,/kg) and dextromethorphan (30 mg,/kg) or SCH 23390 in combination with dextromethorphan and a cocktail of apomorphine and
dextromethorphan. SCH 23390 were administered (i.p.) 45 min, apomorphine (s.c.) 30 min and dextromethorphan (i.p.) 30 min before naloxone (5 mg/kg,
i.p.) injection. Results are expressed as mean + SEM (n = 7-9 mice/group).

Treatment (mg/kg) Signs
Jumps Paw-shakes Grooming Burrows Writhes Diarrhea

Saline + saline 68.7 + 8.9 353+ 36 259+4 463+ 7.2 2+04 217+ 30
Sdline + SCH 0.5 51.8 +85 288+ 28 17.7+ 34 49.7 + 10 17+04 1935+ 30
Sdline+ SCH 1 26.1+5.9° 13.3+1.7° 114+ 172 414+ 102 23+04 154+ 415
Saline + DEX 30 234+77 16.7+ 25 89+18 13.7+ 3.7 04+0.2 675+ 6.5
SCH 0.5+ DEX 30 11.1+33 81+15 118+21 11+3 06+0.3 84.3+ 85
SCH 1 + DEX 30 16+0.9 0.6 + 0.4° 104+ 6.3 8.7+09 04+0.2 1184 + 29
Sdline+ C 62.7+ 16.1 396+ 3 213+ 24 393+5 17+03 177+ 16.3
SCHO5+C 28.8 + 6.5% 2124 3° 144+ 137 14.7 + 2,52 08+0.2 113.8+9.2
SCH1+C 263+ 4.7° 13.6 + 3.2¢ 12.7 + 1.5° 9.7+ 2° 0.24+0.2° 66.8 + 7.6%

3p < 0.05, °p < 0.01, °p < 0.001, different from saline control groups.

in morphine-dependent mice as compared with vehicle-
pretreated controls.

The naloxone-induced withdrawa jumping (F(2,20) =
0.13, p> 0.88), paw-shakes (F(2,20) = 0.80, p > 0.46),
grooming (F(2,20) = 1.05, p > 0.37), burrows (F(2,20) =
0.77, p> 0.48), writhing (F(2,20) = 0.13, p > 0.87) and
diarrhea (F(2,20) =0.21, p> 0.81) in morphine-depen-
dent mice treated with 5 and 10 mg/kg periphera

dopamine receptor antagonist domperidone (s.c., 35 min
before naloxone) + a cocktail of apomorphine (1 mg/kg,
i.p., 30 min before naloxone) and dextrometorphan (30
mg/kg, i.p., 30 min before naloxone) were not signifi-
cantly different from that induced in animals treated with
vehicle (10 ml/kg, s.c., 35 min before naloxone) + a
cocktail of apomorphine and dextromethorphan (Table 2).
Treatment of animals with domperidone (5 and 10 mg /kg,

Table 2

Effects of the dopamine D, receptor antagonist sulpiride (SUL) or peripheral dopamine receptor antagonist domperidone (DOM) alone or in combination
with dextromethorphan (DEX) and a cocktail (C) of apomorphine and dextromethorphan on naloxone-induced withdrawal signs in morphine-dependent
mice

Animals were injected vehicle (10 ml /kg), vehicle in combination with sulpiride (25 and 50 mg,/kg), domperidone (5 and 10 mg/kg), dextromethorphan
(30 mg/kg) and a cocktail of apomorphine (1 mg/kg) and dextromethorphan (30 mg/kg) or supiride and domperidone in combination with
dextromethorphan and a cocktail of apomorphine and dextromethorphan. Sulpiride were administered (s.c.) 45 min, domperidone (s.c.) 35 min,
apomorphine (s.c.) 30 min and dextromethorphan (i.p.) 30 min before naloxone (5 mg/kg, i.p.) injection. Results are expressed as mean + SEM (n = 7-9
mice/ group).

Treatment (mg,/kg) Signs
Jumps Paw-shakes Grooming Burrows Writhes Diarrhea

Saline + vehicle 83+ 6.8 60.2 +13.2 257+38 474+72 19+04 214.8 + 30.5
Vehicle+ SUL 25 754+ 12.6 56.3+ 14.2 237+41 38.6+4.3 14+04 1974+ 29.5
Vehicle + SUL 50 66.3 + 18.3 418 +11.8 203+ 4.9 36.8+38 14106 219+ 30.7
Vehicle + DEX 30 26.8+ 55 126+ 23 14+ 3.2 104+21 0.7+0.2 122.3 +19.7
SUL 25 + DEX 30 40.1+83 144+ 29 173+ 35 11.7+21 07+03 1374+ 174
SUL 50 + DEX 30 338+ 104 9.8+34 158+ 45 96+28 0.6+0.3 1326+ 16
Vehicle+ C 68.3 +16.9 528 +6.3 233+31 321+47 19+04 1974+ 293
SUL25+C 76.7+11.1 46.8 + 8.6 223+ 32 31.7+47 2+05 234.6 + 29.8
SUL50+C 65+ 14.7 42+114 196+ 3.6 221+6.3 13106 2074+ 34
Saline + vehicle 629+ 7.3 49+ 75 20+ 2.7 492+ 5.3 22+04 223.1+ 20.6
Vehicle+ DOM 5 544 +88 426 +4.7 17.7+32 451+63 16+04 2278+ 27.9
Vehicle+ DOM 10 53+ 6.6 441+75 187+ 31 39+ 5.6 1.7+04 203.1+ 231
Vehicle + DEX 30 243+ 38 17+2 88+ 15 161+ 16 05+02 140.9 + 16.9
DOM 5 + DEX 30 284+ 64 20.7 + 3.2 10.7+19 124+ 25 0.7+0.3 129.1 + 16.2
DOM 10 + DEX 30 21+4.6 186+ 29 9+13 146+ 23 0.6+03 139+ 151
Vehicle+ C 60.6 + 5.5 444 +53 229+31 294+ 33 16+03 1834+ 20.1
DOM 5+ C 648+ 73 343+59 176+ 23 253+ 36 14+04 181.6 + 165
DOM 10+ C 61 + 6.6 38.8+6.3 186+ 29 243+ 24 1.7+04 197.3+ 15
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s.c., 35 min before naloxone) alone did not have any
significant effect on the naloxone-induced withdrawal signs
in morphine-dependent mice as compared with vehicle-
pretreated controls.

4. Discussion

The purpose of this study was to determine the possible
mechanism(s) of the acute administration of the NMDA
receptor antagonist dextromethorphan on the naloxone-in-
duced withdrawal signs alone and in combination with
apomorphine. The main findings are as follows.

(a) The naloxone-induced withdrawal signs were signif-
icantly decreased by pretreatment with dextromethorphan.

(b) Apomorphine significantly antagonized the reduc-
tion of withdrawal signs induced by dextromethorphan.

(o) The inhibitory effect of apomorphine upon the sup-
pressive action of dextromethorphan was blocked by the
dopamine D, receptor antagonist SCH 23390 but not by
dopamine D, receptor antagonist sulpiride nor the periph-
eral dopamine receptor antagonist domperidone.

The result of the present study support reports suggest-
ing that NMDA receptor antagonists attenuate the develop-
ment of morphine tolerance and dependence in rodents
(Koyuncuoglu et al., 1990, 1992). Recent researches have
demonstrated the existence of an interaction between the
glutamatergic and opioid systems for development of mor-
phine tolerance and dependence (Cai et a., 1997; Martin et
al., 1997). Severd studies have also reported that morphine
inhibits the enzymes producing aspartic and glutamic acids
from asparagine and glutamine (Koyuncuoglu et al., 1979;
Bielarczyk et al., 1986). The production and release of
aspartic/glutamic acids decrease during the development
of morphine physical dependence that may lead to the
upregulation and supersensitivity of NMDA receptors
(Koyuncuoglu et al., 1992). It has been reported that
naloxone-induced withdrawal in morphine-dependent ani-
mals is associated with increased extracellular levels of
glutamate within the pontine locus coeruleus, suggesting
that glutamate my be involved in the expression of opioid
withdrawal signs. (Aghajanian et al., 1994; Zhang et al.,
1994; Feng et a., 1995). Direct intracerebroventricular
injection of glutamate to the brains of morphine-dependent
rats precipitated withdrawal signs in a dose-dependent
manner (Tokuyama et al., 1996). Tokuyama et al. (1996)
reported that the withdrawal signs elicited by glutamate are
similar to those produced by naloxone. This leads to the
hypothesis that dextromethorphan may antagonize the ef-
fect of glutamate in the anatomical site for mediating
opioid abstinence and suppresses withdrawal signs by such
a mechanism.

It has been proposed that repeated administration of
opiates may lead to activation of the NMDA receptor
through G-proteins associated with the p.-opioid receptor
and/or other intracellular mechanisms (Mao et al., 1995,
1996). This opiate-related activation of NMDA receptors

may initiate subsequent intracellular changes such as the
activation of protein kinase C (Mao et al., 1994; Mayer et
al., 1995). Many studies have reported that the activation
of protein kinase C with a phorbol ester potentiate the
desensitization of the p.-opioid receptor-induced current by
regulating w-opioid receptor coupling through a G-protein
to an inwardly rectifying K* channel (Chen and Yu, 1994;
Mao et al., 1996). Such NMDA receptor-mediated cellular
and intracellular changes may lead to diminished respon-
siveness of the p-opioid receptor to morphine. Dex-
tromethorphan antagonizes the activation of NMDA recep-
tor and thus stops the initiation of such intracellular cas-
cades.

Chronic treatment with morphine causes an enhanced
response to mixed dopamine D, /D, receptor agonist apo-
morphine in rats (Ritzmann et a., 1982; Bhargava, 1983).
The present data show that apomorphine antagonized the
suppressive action of dextromethorphan thus suggesting an
involvement of dopaminergic mechanisms in the attenua-
tion of the naloxone-induced withdrawa signs by this
non-competitive NMDA receptor antagonist. The subse-
guent point which emerges from this research concerns the
inhibition of the apomorphine response upon the effect of
dextromethorphan following administration of a dose inef-
fective by SCH 23390 but not by sulpiride nor domperi-
done. These results show the existence of an interaction
between dextromethorphan and the central dopamine D,
receptor mechanisms for the attenuation of naloxone-in-
duced withdrawal signs. Both the striatum and nucleus
accumbens may play a major role in opiate dependence
(Navarro et al., 1992; Martin et a., 1997), and NMDA
receptor stimulation is reported to induce dopamine release
in these regions (Imperato et a., 1990; Jin and Fredholm,
1994). Alterations in the activity of striatum dopaminergic
system have been observed during the development of
morphine tolerance-dependence in rodents (Redmond and
Krystal, 1984). Striatum contains a high density of both
dopaminergic nerve terminas (Dray, 1979) and enkepha
linergic neurons (Khatchaturian et al., 1985) with a high
density of receptors for both neurotransmitters (Stoof and
Kebabian, 1984; Tempel and Zukin, 1988). In mice, after
chronic morphine exposure, the number of dtriatal
dopamine D, receptors decreased with no changes in their
affinity whereas the number and affinity of dopamine D,
receptor remain unchanged (Navarro et al., 1992). In addi-
tion, in these animals, naloxone is unable to reverse the
morphine-induced decrease in dopamine D, receptor activ-
ity. This decreased number of dopamine D, receptors is
accompanied by a corresponding increase in CAMP con-
centrations, concordant with the well-known negative ef-
fect of dopamine D, receptors on adenylyl cyclase activ-
ity. It has been reported that SKF 38393, a dopamine D,
receptor agonist exacerbated the withdrawa signs of
chronically morphine-treated rats (Ben-Sreti et al., 1983;
Verma and Kulkarni, 1995) and that the dopamine D,
receptor agonist bromocriptine exert opposite influences
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on the development of morphine tolerance and dependence
(Verma and Kulkarni, 1995). Verma and Kulkarni (1995)
reported that the administration of bromocriptine enhance
the ability of non-competitive NMDA receptor antagonists
to attenuate the development of morphine tolerance and
dependence while SKF 38393 failed to do so. Thus, it was
anticipated that when dopamine D, receptors were blocked
by SCH 23390, apomorphine would stimulate dopamine
D, receptors, thereby resulting in the potentiation of the
suppressive action of dextromethorphan.

The present data show that administration of the
dopamine D, receptor antagonist SCH 23390 itself re-
duced withdrawal signs. Although SCH 23390 is thought
to be a selective dopamine D, receptor antagonist, it binds
with high affinity to 5-HT, receptorsin the brain (Bischoff
et a., 1986) and antagonizes 5-HT, receptor activation
both centrally and peripheraly (Bijak and Smialowski,
1989). The administration of 5-HT, receptor antagonists
attenuates naloxone-precipitated withdrawal (Neal and
Sparber, 1986; Kleven and Sparber, 1989). This may
account for the reduction of withdrawa jumping, paw-
shakes and grooming by SCH 23390.

Interactions between sigma receptors and glutamatergic
system were also observed in relation to the release of
dopamine (Debonnel and De Montigny, 1996). Sigma-1
receptors in rat stristum regulate NMDA-stimulated
dopamine release via a presynaptic mechanism (Gonzalez-
Alvear and Werling, 1995). Since dextromethorphan has
high affinity for sigma receptors and sigma receptors
activity appeared to contribute to morphine withdrawal
signs in morphine-dependent mice as haloperidol inhibited
that naloxone-induced withdrawal while spiperon did not
(Kreeger et a., 1995), it may be that dextromethorphan
suppresses withdrawal signs by such a mechanism.

In summary, the present experiment demonstrate that
dextromethorphan attenuates signs of naloxone-induced
withdrawal syndrome in morphine-dependent mice. Fur-
thermore, the results of this study show that apomorphine
antagonizes the suppression of withdrawal signs produced
by dextromethorphan. Since the dopamine D, receptor
antagonist SCH 23390 but not dopamine D, receptor
antagonist sulpiride nor peripheral dopamine receptor an-
tagonist domperidone reverses the effect of apomorphine,
it may be concluded that the central dopamine D, receptor
mechanisms are involved in the modulation of the suppres-
sive action of dextromethorphan on naloxone-induced
withdrawal signs.
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