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Abstract:    Objective: To study the effect of glycine site/NMDA (N-methyl-D-aspartate) receptor antagonist MRZ2/576 on the 
conditioned place preference (CPP) and locomotor activity induced by morphine in mice. Methods: Different doses (1.25, 2.5 and 
5 mg/kg, i.p.) of MRZ2/576 were used to evaluate the effect of MRZ2/576 on the acquisition and expression of CPP induced by 
morphine (5 mg/kg) in mice. In addition, we examined the locomotor activity of mice in conditioning and testing phase of CPP 
paradigm. Results: MRZ2/576 alone could not establish place preference, but a 5 mg/kg dose of MRZ2/576 could block both 
acquisition and expression of morphine-induced CPP. In testing phase of CPP, there was no statistical difference for locomotor 
activity between the groups; injection of MRZ2/576 showed a dose-dependent decrease of locomotor activity on both control and 
morphine-treated mice, especially 5 mg/kg of MRZ2/576 significantly suppressed the locomotor activity of mice. Conclusion: 
Based on the present results, we assume that MRZ2/576 can antagonize the rewarding effect of morphine, suggesting that this 
glycine site/NMDA receptor antagonist could be used to treat addictions due to its light side effect profile. 
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INTRODUCTION 
 

Drug addiction is a long-term adaptation in brain 
elicited by repeated exposure to abusive drugs. 
However, so far there is no effective treatment of drug 
addiction. Substantial evidences suggest that the 
neurons of the mesolimbic dopamine system, which 
originate from ventral tegmental area (VTA) and 
project to nucleus accumbens (NAC) and other fore-
brain regions, are involved in mediating the reward-
ing effect of opioids. Other studies found that the 
glutamate receptors modulating the effect of opioids 
through their interaction with the dopamine receptor 

are involved in development of addiction (Bajo et al., 
2006; Nestler, 2005; Franken et al., 2005). 

Glutamate receptors belong to the glutamate re-
ceptor family and, depending on their ligand prefer-
ence, can be divided into NMDA (N-methyl-D- as-
partate) binding receptors and non-NMDA binding 
receptors. The NMDA receptor is an ionotropic 
(channel-containing) receptor and is allosterically 
regulated by Mg2+, Zn2+, polyamine, protons and re-
dox potential. Activation of the NMDA receptor re-
quires the simultaneous binding of two agonists: glu-
tamate and glycine (Pláteník et al., 2000). Both com-
petitive and uncompetitive NMDA receptor antago-
nists have been found to inhibit the conditioned place 
preference (CPP) induced by morphine, amphetamine 
and cocaine (Xi and Stein, 2002; Danysz et al., 2005; 
Makarska-Bialek et al., 2005; Bäckström and Hyytia, 

Journal of Zhejiang University SCIENCE B 
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) 
www.zju.edu.cn/jzus; www.springerlink.com 
E-mail: jzus@zju.edu.cn 

 
 
* Project supported by the National Basic Research Program (973) of 
China (No. 2003CB515402), and the Science and Technology Coun-
cil of Zhejiang Province (No. 2005C23G2010166), China 



Zhu et al. / J Zhejiang Univ SCIENCE B   2006 7(12):998-1005 999

2006), suggesting a possible role in the treatment of 
drug addiction. But most of both classes of NMDA 
receptor antagonists have been reported to produce 
severe psycho-stimulant and psychotomimetic-like 
effects in animal and clinical experiments. Further-
more, conditioned place preference (CPP) experi-
ments have established that both classes of NMDA 
antagonist have rewarding properties, implying that 
they would have abusive potential (Tzschentke, 2002). 
On the contrary, substantial studies showed that gly-
cine-binding site NMDA receptor antagonists not only 
did not produce psychotomimetic effects, but also had 
no rewarding properties in CPP experiments (Papp et 
al., 2002; Danysz et al., 1998). 

A potent antagonist for the glycine binding site 
of the NMDA receptor is MRZ2/576 (8-chloro-4- 
hydroxy-1-oxo-1,2-dihydropyridaliono [4,5-b] qui-
noline-5-oxide choline salt), which was developed by 
MERZ Corporation (Germany). The component has a 
short half-life (about 20 min) and has a proven anti-
convulsant and neuroprotective effect. In addition, 
MRZ2/576 cannot only prolong the suppression of 
morphine withdrawal by naltrexone in mice, but also 
retard the development of morphine tolerance in mice 
(Belozertseva et al., 2000a; 2000b; Makarska-Bialek 
et al., 2005; Bienkowski et al., 1999). 

The current study was performed to evaluate the 
effect of MRZ2/576 on the acquisition and expres-
sion of morphine-induced CPP and concomitant 
locomotor activity in mice. 
 
 
MATERIALS AND METHODS 
 
Animals 

Animal experiments were conducted in accor-
dance with the NIH guide for care and use of labo-
ratory animals and comply with the national laws on 
animal experiments. ICR male mice with body weight 
of 18~22 g where obtained from Zhejiang Medical 
Science College, China. The animals were grouped (4 
mice per cage) and had free access to water and food. 
The cages were kept in a room with a 12 h:12 h 
light-dark cycle (lights on at 7:00 a.m.) and constant 
temperature of (22±2) °C. 

 
Chemical reagents 

Morphine hydrochloride (the First Pharmaceu-

tical Company of Shenyang, China) and MRZ2/576 
(MERZ Pharmaceutical GmbH, Germany) were dis-
solved in saline and distilled water, respectively. All 
drugs were administered i.p. in a volume of 10 ml/kg. 

 
Apparatus 

The CPP experiment was carried out in a special 
apparatus according to (Rezayof et al., 2003; del 
Rosario et al., 2002; Tzschentke, 1998) with minor 
modifications. Briefly, the apparatus consisted of four 
identical wooden shuttle boxes (30 cm×15 cm×15 
cm), each divided into two chambers (15 cm×15 
cm×15 cm) of equal size by a separator, one gray with 
smooth floor and the other black with wire mesh floor. 
A video camera was placed 70 cm above the floor and 
linked with a computer system. The mice behavior 
was recorded by the video camera and analyzed by 
MICETRACK software. The experiments were 
conducted under dim illumination (24~30 lx) and 
stable noise (37~40 dB), and each experiment had a 
conditioning phase (days 1~8) and a testing phase 
(day 9). 

 
Procedures 

1. CPP experiment 
Conditioning phase: On days 1, 3, 5 and 7, the 

mice were put in the gray chamber for 50 min after 
injection of either MRZ2/576 or morphine. On days 2, 
4, 6 and 8, the mice were placed in the black chamber 
for 50 min after saline injection. 

Testing phase: On day 9, after the separator was 
raised 7 cm above the floor, the mice were placed in 
the shuttle box to freely access each chamber and 
mice moved in the shuttle boxes were captured by 
video. 

Distances that mice moved both in the 
drug-paired conditioning and testing phases were 
measured to reflect the locomotor activity of the mice. 

2. Effect of MRZ2/576 alone 
To investigate whether MRZ2/576 (1.25, 2.5 and 

5 mg/kg, i.p.) alone could establish CPP, MRZ2/576 
was given to mice before the conditioning trial in the 
gray chamber, which was performed on days 1, 3, 5 
and 7. On days 2, 4, 6 and 8, the mice were used for 
the conditioning trial in the black chamber after saline 
injection. Each conditioning trial (8 consecutive days) 
lasted for 50 min. 

To investigate whether MRZ2/576 could block 
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the acquisition of CPP induced by morphine, the 
mice received various doses of MRZ2/576 (1.25, 2.5 
and 5 mg/kg, i.p.) together with morphine (5 mg/kg, 
i.p.) right before the conditioning trial in the gray 
chamber (days 1, 3, 5 and 7). On days 2, 4, 6 and 8, 
the mice were given a saline injection and then used 
for the conditioning trial in the black chamber. Each 
conditioning trial (8 consecutive days) lasted for 50 
min. 

3. Effect of MRZ2/576 on the expression of 
morphine-induced CPP 

A procedure similar to experiment 2 was used to 
measure the effects of MRZ2/576 on the expression 
of CPP by morphine, with the difference that the mice 
received an injection of either morphine (before being 
placed in the gray chamber) or saline (before being 
placed in the black chamber) during the acquisition 
trials. Before the CPP testing began (day 9), the mice 
were injected once with vehicle (saline) or various 
doses of MRZ2/576 (1.25, 2.5 and 5 mg/kg, i.p.). 

4. Statistical analysis 
All data were expressed as means±SEM. Both 

CPP and locomotion data were analyzed using 
one-way analysis of variance (ANOVA) followed by 
a post hoc LSD for multiple comparisons. Kendall’s 
τ-b method was used for bivariate correlation test. 
Conditioning locomotion data were analyzed with 
two-factorial (treatment dose×day) repeated measures 
ANOVA.  

 
 

RESULTS 
 
The results obtained during the testing phase of 

experiment 1 (day 9; after 8 d of conditioning in 
which MRZ2/576 was applied alone) are shown in 
Table 1. Compared with the control, the used doses of 
MRZ2/576 (1.25, 2.5 and 5 mg/kg) neither prolonged 
nor reduced the time the mice spent in the gray side of 
the apparatus. Accordingly, MRZ2/576 did not pro-
duce place preference or place aversion 
[F(3,28)=0.999, P=0.408]. In addition, the statistical 
analysis did not reveal any significant differences 
between the saline-treated control group and the 
MRZ2/576-treated groups regarding the distance the 
animals moved [F(3,28)=1.436, P=0.253] on that day. 
Also, analysis comparing the time the mice spent in 
the gray side of apparatus with the distance the mice 

moved, showed no correlation (r=−0.152, P=0.407).  
Table 2 shows the results of the testing day (day 

9) of experiment 2, in which morphine was 
co-administered with various doses of MRZ2/576 
during the conditioning phase. As shown in Table 2, 
morphine alone at a dose of 5 mg/kg prolonged the 
time the mice spent in the gray side of the apparatus 
when compared with the saline-treated control group 
(P<0.01), which proved that morphine could induce 
CPP in mice. The morphine-induced CPP effect was 
suppressed by MRZ2/576 at dose of 5 mg/kg 
(P<0.05), while other lower doses of MRZ2/576 did 
not produce such inhibitory effect (1.25 mg, P=0.342; 
2.5 mg/kg, P=0.051). Regarding the locomotor ac-
tivity of the mice on that day, there was no statistical 
difference between the groups in the distance covered 
according to ANOVA [F(4,47)=1.474, P=0.225]. 
Correlation analysis also showed that time spent in 
the gray side of apparatus had nothing to do with the 
distance the mice had moved (r=0.099, P=0.486). 

As illustrated in Table 3, morphine (5 mg/kg) 
established CPP (P<0.05) when compared with saline 
control. MRZ2/576 showed a dose related decrease of 
time spent in the gray side of the apparatus, and es-
pecially a dose of 5 mg/kg showed a significant re-
duction of time the mice spent in the gray side (1.25 
mg/kg, P=0.08; 2.5 mg/kg, P=0.067; 5 mg/kg, 
P<0.001). Accordingly, MRZ2/576 at a dose of 5 
mg/kg reduced the distance mice moved, indicating a 
low locomotor activity of these mice. In addition, the 
time the mice spent in the gray side showed a strong 
correlation with the distance covered by the mice 
(r=0.428, P=0.002). Fig.1 shows the correlation be-
tween the time the mice spent in the drug paired side 
and the distance the mice treated with morphine plus 
5 mg/kg MRZ2/576 covered. 

Table 4 shows the data on the locomotor activity 
of the mice used in experiment 1, recorded during the 
conditioning phase after MRZ2/576 (or saline) was 
injected (days 1, 3, 5 and 7). MRZ2/576 induced a 
dose related decrease of locomotor activity of the 
mice, especially at a dose of 5 mg/kg, which showed 
significant differences. There were no differences of 
locomotor activity between the different conditioning 
phase [treatment effect: F(3,84)=13.73, P<0.001; day 
effect: F(3,84)=0.813, P=0.49; interaction effect: 
F(9,84)=0.532, P=0.847], so the impact of 
MRZ2/576 on locomotor activity could been seen 
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already immediately on day 1. 
Table 5 shows data on the locomotor activity of 

the mice used in experiment 2, recorded during the 
conditioning phase after morphine alone (5 mg/kg) or 
together with various doses of MRZ2/576 were in-
jected (days 1, 3, 5 and 7). All data reflected the dis-
tance that the mice moved in the grey chamber during 
the conditioning phase. Morphine at a dose of 5 
mg/kg significantly increased the locomotor activity 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

of the mice (P=0.006), but this effect could be inhib-
ited by the co-administration of MRZ2/576  [(F(4,47)  
=7.115, P=0.000), especially at a dose of 5 mg/kg 
(P=0.000). Compared with day 1, MRZ2/576 at a 
dose of 5 mg/kg significantly lowered the mor-
phine-increased locomotor activity of the mice on day 
7 [treatment effect: F(4,141)=7.115, P<0.001; day 
effect: F(3,141)=5.692, P=0.001; interaction effect: 
F(12,141)=0.772, P=0.678]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Effect of MRZ2/576 alone  
MRZ2/576 (mg/kg) n Time spent in drug paired side (s) Distance (m) 

0.00 8 362.99±98.07 45.88±6.53 
1.25 8 409.48±68.75 46.25±8.26 
2.50 8 349.96±114.16 53.34±11.00 
5.00 8 331.58±89.73 47.56±5.93 

There were no statistical differences for time between groups as well as for distance 

Table 2  Effect of MRZ2/576 on the acquisition of morphine-induced CPP  
MRZ2/576 (mg/kg) Morphine (mg/kg) n Time spent in drug paired side (s) Distance (m) 

0.00 0 8 387.99±124.63 44.58±11.67 
0.00 5 8 501.64±81.09** 47.67±9.19 
1.25 5 12 493.66±79.61** 47.72±8.91 
2.50 5 12 481.52±96.28* 51.55±9.82 
5.00 5 12 397.74±130.76 42.35±9.69 

**P<0.01, *P<0.05 compared with saline control; There were no statistical differences for distance between groups [F(4,57)=1.071, 
P=0.379] 

Table 3  Effect of MRZ2/576 on the expression of morphine-induced CPP  
MRZ2/576 (mg/kg) Morphine (mg/kg) n Time spent in drug paired side (s) Distance (m) 

0.00 0 8 370.90±79.58 48.41±8.76 
0.00 5 8 503.84±101.28* 47.20±6.75 
1.25 5 11 414.97±84.47 45.87±9.12 
2.50 5 11 410.48±92.38 40.80±9.38 
5.00 5 11 241.45±151.43# 27.70±10.38△

*P<0.05 compared with saline control; #P<0.001 compared with morphine control; △P<0.001 compared with saline control 

Table 4  Locomotor activity (m) during the conditioning phase in the drug paired side (experiment 1)  
Treatment Dose (mg/kg) Day 1 Day 3 Day 5 Day 7 
Saline 0.00 66.14±15.17 69.31±9.80 64.22±7.45 62.48±10.05 

1.25 62.24±8.56 64.10±18.41 61.09±14.96 65.62±14.00 
2.50 51.38±23.47 60.12±12.02 59.74±16.66 58.55±10.98 

MRZ2/576 
 
 5.00 36.56±14.06* 38.19±9.10* 33.75±11.00** 36.79±12.53** 

**P<0.001, *P<0.01 compared with saline group 

Table 5  Locomotor activity (m) during the conditioning phase in the drug paired side (experiment 2)  
Treatment Dose Day 1 Day 3 Day 5 Day 7 
Saline 10 ml/kg 64.58±14.19 68.18±12.70 67.91±10.80 61.95±13.47 
Morphine 5 mg/kg 96.68±8.37** 93.69±15.33** 89.38±13.20* 92.64±13.78** 

(5+1.25) mg/kg 93.83±17.66** 96.63±18.08** 86.38±32.25* 81.86±23.14* 
(5+2.5) mg/kg 87.99±22.56** 80.80±25.36* 88.36±28.96* 76.95±20.92*# 

Morphine+ 
MRZ2/576 
 (5+5) mg/kg 62.20±15.82 58.03±19.56 54.18±28.87 48.84±18.04# 

**P<0.001, *P<0.01, compared with saline group; #P<0.01, compared with Day 1 
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DISCUSSION 
 

In line with previous studies investigating the 
impact of other glycine site/NMDA receptor antago-
nists, our results showed that MRZ2/576, which alone 
could not establish conditioned place preference, 
could block the acquisition and expression of mor-
phine-induced conditioned place preference. 

Many investigations showed that the mesolimbic 
dopamine system is involved in the rewarding effect 
of opiate as well as other abusive substances, among 
which dopaminergic projection from VTA to NAC 
and other forebrain region is most important (Nestler, 
2005; Pláteník et al., 2000). Past studies showed that 
morphine along with other abusive drugs can enhance 
dopamine release within the nucleus accumbens, and 
that dopamine receptor antagonists can block the 
acquisition of morphine induced conditioned place 
preference (Tzschentke, 1998; Schildein et al., 1998; 
Zarrindast et al., 2006). Moreover, transgenic mice 
lacking the dopamine D2 receptor do not have this 
capability (Xi and Stein, 2002). Although playing an 
important role in mediating the impact of morphine, 
the mesolimbic dopamine system alone seems not 
enough to explain and solve the actual problem in the 
treatment of addictions. Accordingly, the involve-
ment of other central neural neurotransmitter systems 
in the rewarding effect of abusive drugs cannot be 
ruled out. Recently, investigations have given special 
attention to the glutamate receptor system, especially 
the NMDA receptor (Harris et al., 2004; Narita et al., 

2005). 
Intracranial mapping studies have identified the 

shell region of nucleus accumbens as a major site 
supporting drug-induced place preference condition-
ing. Within this region, there are extensive 
bi-directional interactions between DA (dopamine) 
input from the ventral tegmental area and glutama-
tergic inputs from the forebrain site, such as hippo-
campus and amygdala, these are known to be in-
volved in place conditioning. These DA-NMDA re-
ceptor interactions within the accumbens shell are 
likely a candidate for a site where both DA and 
NMDA receptor antagonists block the acquisition of 
drug-induced conditioned place preference. However, 
in addition to direct DA-NMDA interaction, DA and 
glutamate synapses are co-localized on the dendritic 
spines of medium spiny neurons in the nucleus ac-
cumbens (Tzschentke, 2001). 

Although behavioral experiments have shown 
that competitive NMDA antagonists (AP-5, CPP), 
uncompetitive NMDA antagonists (MK-801, keta-
mine, ifenprodil, memantine, etc.), and glycine 
site/NMDA antagonists (ACPC, l-701324, MRZ2/570, 
etc.) could block the development of mor-
phine-induced conditioned place preference (Xi and 
Stein, 2002; Danysz et al., 2005; Makarska-Bialek et 
al., 2005; Bäckström and Hyytia, 2006; Quartaroli et 
al., 2001), the involved molecular mechanism is still 
unknown. To date, molecular and cloning studies 
revealed that the NMDA receptor is a chan-
nel-bearing protein complex which exists as a 
tetramer or pentamer. The complex is assembled from 
the NR1 with one or more type NR2 subunit (in-
cluding NR2A, 2B, 2C and 2D). The glycine-binding 
site is localized exclusively with NR1, while gluta-
mate is bound exclusively by the NR2 subunit (Plát-
eník et al., 2000). There are evidences that NR1 is 
involved in addiction including physical and psy-
chological dependences. Injection of NMDA R1 an-
tisense oligonucleotide can attenuate on the naloxone 
induced withdrawal signs from morphine (Zhu and 
Ho, 1998). Mice with reduced affinity of NMDA R1 
glycine-binding site displayed decreased sensitivity 
to ethanol. The NR2B subunit is thought to play a 
more critical role in the rewarding effect of morphine 
than other NMDA subunits. Narita et al.(2000) found 
that the expression of NR2B subunit in limbic fore-
brain was significantly increased in morphine-treated 
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Fig.1  Correlation between time spent in the drug
paired side and the distance of mice treated with mor-
phine plus 5 mg/kg MRZ2/576 covered 
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mice in comparison with control mice. Moreover, 
mice pretreated with an antibody specific to NR2B 
did not show morphine-induced conditioned place 
preference while antibodies against other NMDA 
receptor subunits could not block the impact of 
morphine. Further studies also indicated that espe-
cially the carboxyl terminal region of the NR2B 
subunit, which is directly phosphorylated by protein 
kinase Cγ isoform, is critical for the rewarding effects 
induced by morphine in the conditioned place pref-
erence paradigm (Kiefer et al., 2003; Narita et al., 
2001). 

It has been recognized that locomotor activity is 
another important behavioral aspect for most abusive 
drugs such as opiate and psychostimulant drugs. 
There are evidences that the underlying mechanisms 
for locomotor activity and for the rewarding effect are 
the same, i.e. the mesolimbic dopamine input from 
the ventral tegmental area to the nucleus accumbens 
also affects behavioral activity. A fundamental axiom 
of positive reinforcement with respect to motor ac-
tivity is that motor activity will increase in scope and 
force if followed by an event that produces reward. 
Acute administrations of opiate and psychostimulant 
drugs can obviously enhance locomotor activity of 
experimental animals. Past studies showed that 
NMDA receptor activation by systemic administra-
tion of NMDA increased the level of locomotor ac-
tivity and induced an increase in exploratory behavior 
in rats. NMDA produces also place preference as 
indexed by CPP paradigm (Rezayof et al., 2003; del 
Rosario et al., 2002; Panos et al., 1999; Kretschmer, 
1998). So according to these facts, it can be concluded 
that a NMDA receptor antagonist should be able not 
only to block conditioned place preference, but also to 
lower locomotor activity. Our results showed that 
acute systemic administration effect of MRZ2/576 
showed a dose-dependent decrease in locomotor ac-
tivity, which accords with the above assumption. On 
the contrary, uncompetitive NMDA antagonists like 
PCP or MK-801 have been shown to increase the 
level of locomotor activity by themselves alone 
(Carlezon et al., 2000). Right now, the diverse effect 
of different NMDA receptor antagonists on locomo-
tor activity remains unclear. Undoubtedly, locomotor 
activity is not only associated with the NMDA re-
ceptor, but also with the rewarding effect of a drug 
like morphine. But the interaction of these two areas 

is unclear and need further studies to elucidate it. 
In addition, the results of our experiments pro-

vided evidence that locomotor activity does not relate 
with the expression of morphine-induced conditioned 
place preference, which is in line with previous 
studies (Narita et al., 2001). 

Most experimental studies to date showed that 
NMDA antagonists produce incongruous tolerances 
in animals and human subjects, which limit their 
practical applications. There is a range both of bind-
ing/unbinding kinetics and of voltage dependence 
among the NMDA receptor antagonists. Those with 
slow unbinding kinetics and weak voltage depend-
ence, such as MK-801, are associated with dysphoric 
side effects and are poorly tolerated in humans. In 
comparison, NMDA receptor antagonists with faster 
kinetic and stronger voltage dependence, such as 
memantine, are tolerated much better in humans and 
are already used to treat diseases (Parsons et al., 
1999). Glycine site/NMDA receptor antagonist like 
MRZ2/576 has no intolerable side effects in animal 
experiments, but the underlying mechanism is dif-
ferent with the latter being achieved through regu-
lating the function of Mg2+. Mg2+ is endogenous 
NMDA receptor antagonist that blocks the NMDA 
receptor by binding to the channel pore with an ap-
parent affinity that depends on the membrane poten-
tial. The uncompetitive NMDA receptor MK-801 
binds to the inside of NMDA receptor channel pore 
and overlaps the Mg2+-block site, which influences 
functions of Mg2+. Conversely, glycine site/NMDA 
receptor binding site localizes on the surface of the 
NMDA receptor and binding with the antagonist 
should not interfere with the function of Mg2+. Addi-
tion of glutamate and glycine decreases the binding of 
[3H] MK-801 to NMDA receptors in membrane 
preparations from rat brain, which is reversible by 
glutamate and glycine antagonist. Recently, a study 
found that NMDA and glycine increase the IC50 value 
of the Mg2+-block site at pH 7.4 in NR1-1a/NR2a 
NMDA receptors expressed in xenopus oocytes. The 
increase of the IC50 value may correspond to a de-
crease in Mg2+-block affinity. The effects result in an 
increased influx of Ca2+, and this influx may consti-
tute up to a third of the total Ca2+ influx induced by 
NMDA (Liu et al., 2001). Theses results suggest that 
glutamate and glycine regulate NMDA receptors not 
only by opening the channel gate, but also by affect-
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ing the affinity of the Mg2+-block site. Hence, this 
affinity-regulation of the Mg2+-block site may pro-
vide a novel mechanism of glutamate and glycine to 
regulate the function of NMDA receptors, which may 
be the reason why glycine antagonists alleviate the 
negative side effect.  

Our results showed that MRZ2/576 inhibited 
both acquisition and expression of morphine-induced 
conditioned place preference, which strongly sug-
gests that the NMDA receptor is involved in the de-
velopment of morphine addiction and that MRZ2/576 
can induce a dose-dependent decrease in locomotor 
activity in both normal and morphine-treated mice. 
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