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Effect of GNTI, a kappa opioid receptor antagonist, on MK-801-induced
hyperlocomotion and stereotypy in mice1
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Abstract
Aim: To examine the effect of GNTI [5'-guanidinyl-17-(cyclopropylmethyl)-6,7-
dehydro-4,5α-epoxy-3,14-dihydroxy-6,7-2',3'-indolomorphinan], a selective antago-
nist for the kappa opioid receptor, in the MK-801 (dizocilpine maleate)-induced
behavioral model of psychosis in schizophrenia as a way to explore the involve-
ment of the kappa opioid receptor in modulating psychotic symptoms of
schizophrenia.  Methods: Two doses of MK-801 (0.3 mg/kg and 0.6 mg/kg) were
administered by systemic injection in mice to induce psychosis-like behavior as a
rodent schizophrenia model, preceded by an injection of different doses of GNTI.
Both locomotion and stereotypy were measured as the behavioral endpoints for
quantitative analysis.  Results: GNTI inhibited MK-801-induced hyperlocomotion
and stereotypy.  In particular, GNTI showed differential modulation of stereotypy
induced by 0.3 mg/kg vs 0.6 mg/kg MK-801.  Conclusion: Antagonism of kappa
opioid receptors attenuates MK-801-induced behavior, suggesting a potential
involvement of the kappa opioid receptor in psychosis-like symptoms of
schizophrenia.  GNTI appears to be a useful pharmacological tool to explore the
kappa opioid receptor function in vivo.
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Introduction
Neuropeptides and their receptors play an important role

in modulating the functioning of the brain[1].  Opioids and
opioid receptors take part in multiple physiological processes
both within the central nervous system and in the periphery.
Opioid receptors are divided into 3 major types: kappa, mu
and delta receptors[2].  Mu and delta opioid receptors are
considered the major binding sites for endorphins and
enkephalins, while kappa opioid receptors are considered to
bind to dynorphins with the highest affinity.

The kappa opioid system has been shown to interact
with other neurotransmitter systems, including the glutamate
system and the dopamine system.  At the neuroanatomic
level, kappa opioid receptors have been shown to localize
on the dopaminergic and glutamatergic nerve terminals in
the dorsal and ventral striatum, and their activation inhibits
dopamine (DA) and glutamate release[3].  In particular, using

microdialysis to measure the dopamine levels in the nucleus
accumbens, the basal extracellular dopamine levels were de-
creased by stimulating the kappa opioid receptor in wild-
type mice, and the deletion of the dynorphin gene in the
knockout mice resulted in reduced levels of dopamine[4], sug-
gesting the involvement of the kappa opioid system on
dopamine neurotransmission.  Also, using the rodent model
of Parkinson’s disease with selective dopamine neuron deple-
tion by 6-hydroxydopamine treatment, pretreatment with a
kappa opioid receptor selective agonist potentiated the
dopamine neuron loss[5], again suggesting the kappa opioid
participation in dopamine transmission.  Furthermore, by di-
rect electrophysiological recording in midbrain dopamine
neurons, it was found[6] that the activation of the kappa
opioid receptor directly inhibited some dopamine neurons in
the brain, and this kappa receptor-mediated inhibition was
blocked by the kappa receptor antagonist nor-BNI, which
was structurally similar to GNTI [5'-guanidinyl-17-(cyclo-
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propylmethyl)-6,7-dehydro-4,5α-epoxy-3,14-dihydroxy-6,7-
2',3'-indolomorphinan][7].

Interaction between the kappa opioid system and the
glutamate system is also known.  Over-stimulation of NMDA
(N-methyl-D-aspartate) receptors can lead to seizure, and
activation of the kappa opioid receptor provided an anticon-
vulsive effect in the 3 rat models of experimental seizures[8,9],
suggesting a neuroprotective effect of the kappa opioid sys-
tem via its effect on the glutamate neurotransmission path-
way.  On the other hand, the kappa opioid agonist-produced
anticonvulsant effect could be antagonized by a glycine/
NMDA receptor antagonist[10], suggesting a reciprocal in-
teraction between the kappa opioid system and the gluta-
mate system.

Because of the interactions between the kappa opioid
system and the dopamine and glutamate systems, it has been
suggested that the kappa opioid receptor could serve as a
potential drug target for the development of therapeutic
agents for schizophrenia and drug abuse[11].  In support of
this view, Royston and colleagues used [3H]U-69593 autora-
diograms and reported that the kappa receptor distribution
in schizophrenic patients displayed a pattern different from
patients without the condition[12].  However, they lack stud-
ies that directly examine the effect of modulating kappa opioid
receptors in experimental models relevant for psychosis and
schizophrenia.  The present study was designed to address
this issue by using a selective kappa opioid antagonist in a
well-established rodent model for psychotic symptoms of
schizophrenia.

Opioid receptors interact with a variety of ligands, in-
cluding endogenous peptides, opiates, and numerous syn-
thetic compounds with different structural scaffolds[13,14].  For
kappa opioid receptors however, highly selective ligands
are rather limited.  GNTI is a selective kappa opioid receptor
antagonist, as it displays several hundred-fold selectivity
over mu and delta opioid receptors[15–17].  This was the selec-
tive kappa antagonist of choice for the present study.

MK-801 (dizocilpine maleate) is a non-competitive NMDA
receptor antagonist, and is known to cause increased loco-
motion and various stereotypical behavior in rodents[18].  The
induction of the NMDA receptor hypofunction by MK-801
is considered a pharmacological model for psychotic symp-
toms of schizophrenia, as it mimics various aspects of psy-
chopathology observed in this illness[19–21].  To explore the
potential role of the kappa opioid receptor in modulating
brain functions involved in psychosis and schizophrenia,
we chose this rodent model and report the findings.

Materials and methods
Chemicals  (+)-MK-801 and GNTI were from Tocris

Cookson, Inc (Ellisville, MO, USA).  MK-801 was dissolved
in saline (0.9% NaCl solution) as master stock solution
(1 mg/mL), and aliquots were kept frozen at -70 oC until use.
The master stock solution of GNTI (4 mg/mL) was similarly
prepared and stored.  The doses of MK-801 used in our
experiments were 0.3 mg/kg and 0.6 mg/kg.  The doses of
GNTI were 0.1 mg/kg, 0.3 mg/kg, 1.0 mg/kg, 3.0 mg/kg and
10.0 mg/kg.  Before each experiment, aliquots of master stocks
were thawed and diluted with saline to the final concentra-
tions for systemic administration by ip injection.  Dilutions
were designed to give a final injection volume of 100 µL per
animal for each dose of MK-801 or GNTI administered.

Animals  Male BALB/c mice aged about 5 weeks, weigh-
ing 20–22 g were obtained from the Shanghai Laboratory
Animal Center, Chinese Academy of Sciences (Warrant No
SCXK [Shanghai] 2004–0005).  The animals were housed in
standard housing conditions (in plastic cages with sawdust
bedding, free access to food and water, and were on a 12 h
light/dark cycle) for 1–2 d before the experiments were
conducted.

Apparatus  The locomotor activity of mice was measured
with a photobeam activity system for open field configura-
tion (San Diego Instruments Inc, San Diego, CA, USA) con-
sisting of 10 chambers.  Each chamber contained a cage (45
cm in length, 25 cm in width and 20 cm in height).  Horizontal
motion was detected by 8 photobeams lengthwise spaced at
5 cm apart, and 4 photobeams widthwise spaced at 4.5 cm
apart, with the entire photobeam array positioned at a height
of 2 cm above ground level.  Locomotion measurements were
obtained by automated detection of beam crossings.  Cen-
tered at the ceiling over every activity chamber was a mounted
video camera to record behavior on videotapes for offline
analysis.

Behavior measurements  Since studying a full dose range
required several days, experiments were conducted over se-
quential days, with daily experimental session conducted
between 8:00–15:00.

The animals were placed individually in a chamber, and
locomotion measurements were obtained by automated de-
tection of beam crossings.  For stereotypy measurements,
the animals in the locomotion measurement chambers were
videotaped for the 4 h recording period.  Hence, for each
animal, stereotypy and locomotion data represented con-
current behavior, but were independent of each other.  Ste-
reotypy measurements were presented as the percentage of
time spent in stereotypical behavior.  Stereotypy was broadly
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defined and included a number of abnormal movements in-
cluding head weaving, rotation, rolling and ataxic behavior.
We chose to include ataxia into the broadly-defined stereo-
typy measurements rather than scoring ataxia separately,
because our earlier studies have clearly demonstrated that
by using a single parameter of broadly defined stereotypy,
the outcome was readily interpretable and was not at all af-
fected differentially by varying amount of ataxia[19].  The ste-
reotypy measurement was scored for the first 2 min out of
each 10 min time segment.  The following experiments were
conducted:

(1) 60 mice were divided into 6 groups, with each group
containing 10 mice.  The animals were ip injected with the
appropriate dose of saline or GNTI, then placed immediately
into the recording chamber for behavioral measurements; (2)
70 mice were divided into 7 groups, with each group contain-
ing 10 mice.  The mice received 2 ip injections; the first injec-
tion was with saline or the appropriate dose of GNTI, and
then after 30 min, the second injection was saline or 0.3 mg/
kg MK-801.  The mice were then placed immediately into the
recording chamber for behavioral measurements; and (3) was
the same as (2), except that the dose of MK-801 was 0.6 mg/
kg.

Data analysis  Data were analyzed using the software
GraphPad Prism 4.0.  All data were subjected to statistical
analysis.  Averaged data are shown with error bars indicat-
ing the SEM.  The effects of the different doses of GNTI at
the same dose of MK-801 were compared with controls us-
ing one-way analysis of variance (ANOVA) with Dunnett’s
post-hoc test.  Significance is ascribed for P<0.05.

Results
GNTI inhibition of MK-801-induced hyperlocomotion

MK-801 is known to dose-dependently modulate locomo-
tion in mice[19,20].  To characterize any effect that GNTI may
exert on MK-801-induced locomotor activities, we first ex-
amined the effect of GNTI administered alone in mice.  As
shown in Figure 1A, systemic injection of GNTI alone showed
a mild inhibitory effect, especially during the initial 120 min,
suggesting that GNTI itself may exert a mild impact on
locomotion.  It should be noted, however, that this effect
appeared to be rather limited as the cumulative locomotion
data for the entire recording period (Figure 1B) showed that
there was no statistical difference for any of the GNTI dose
compared with the saline control (F5,52=4.690, P=0.0013).

We next examined GNTI effect on MK-801-induced
hyperlocomotion.  We chose 2 doses of MK-801 to study:
0.3 mg/kg (Figure 1C) and 0.6 mg/kg (Figure 1D), because
our previous study suggested that these 2 doses of MK-801

Figure 1.  Time course of MK-801 induced hyperlocomotion and
inhibitory effect by GNTI. Beam breaks were binned into 10 min
intervals.  The dose of GNTI (mg/kg) or MK-801 (mg/kg) is indi-
cated for each symbol.  (A) time course of locomotion in mice re-
ceiving GNTI alone; (B) cumulative data of locomotion for the en-
tire duration of the locomotion recording; (C) GNTI effect on hyperlo-
comotion by 0 .3 mg/kg MK-801; (D) GNTI effect on hyperlo-
comotion by 0.6 mg/kg MK-801.
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appeared to represent a transition point for the bimodal
effects of MK-801 on locomotion and stereotypy[19].  In that
study, while at 0.3 mg/kg MK-801 primarily increased
locomotion, with low-level stereotypy (well below 50%, even
at the peak time), 0.6 mg/kg MK-801 was able to induce sub-
stantial stereotypy; the peak stereotypy reached about 90%
of the maximum level (Figure 2A[19]), thus indicating that 0.3
mg/kg vs 0.6 mg/kg MK-801 may bridge a transition point.  In
our current study, GNTI appeared to display an inhibitory
effect on MK-801-induced hyperlocomotion (Figures 1C,1D).

MK-801-induced hyperlocomotion peaks were further
analyzed to examine GNTI effect on these parameters.  As
shown in Figure 2A, GNTI reduced peak height, reaching
statistical significance at higher doses (GNTI+MK 0.3 groups:
F6,62=25.64, P<0.0001; GNTI+MK 0.6 groups: F6,62=13.12,
P<0.0001).  Time to reach the hyperlocomotion peak was
delayed by GNTI, again reaching statistical significance at
higher GNTI doses (GNTI+MK 0.3 groups: F6,62=16.79, P<
0.0001; GNTI+MK 0.6 groups: F6,59=50.05, P<0.0001).  These
data indicate that GNTI displayed a mild inhibitory effect on
MK-801-induced hyperlocomotion, with statistically signifi-
cant inhibition only at higher GNTI doses (Figure 2B).

GNTI effects on MK-801-induced stereotypy  Aside from
induction of hyperlocomotion, MK-801 also results in
stereotypy, and the ability of various drugs to modulate MK-
801-induced locomotion and stereotypy has become a pre-
clinical test for screening new antipsychotics.  We thus also
examined GNTI effect on MK-801-induced stereotypy.  We
manually scored stereotypy by watching videotapes taken
during locomotion measurements, and the data are summa-
rized in Figure 3.  The control groups (GNTI alone or saline
alone) did not show any stereotypy, while MK-801 resulted
in an appreciable amount of stereotypical behavior.  Figure
3A shows the percentage of time spent in stereotypy by
mice receiving 0.3 mg/kg MK-801, and GNTI dose-depen-
dently inhibited MK-801-induced stereotypy.  In particular,
MK-801-induced stereotypy was almost completely inhib-
ited by 10 mg/kg GNTI.  In fact, of the 10 mice in the 10 mg/kg
GNTI group, only 3 out of 10 mice displayed very slight
stereotypy, and the other 7 mice showed no stereotypy be-
havior at all.  The total amount of time spent in stereotypy in
the 10 mg/kg GNTI group was not significantly different from
the saline control group, again indicating a complete inhibi-
tion of stereotypy by 0.3 mg/kg MK-801.  To better quantify
the GNTI effect on MK-801-induced stereotypy, the cumula-
tive stereotypy was calculated and shown in Figure 3B.  These
cumulative data confirmed that GNTI was able to dose-de-
pendently inhibit stereotypy induced by 0.3 mg/kg MK-801,
showing significant effect (F5,53=94.95, P<0.0001) between

the GNTI groups and the MK-801 control group (saline+0.3
mg/kg MK-801).

When GNTI effect was examined for mice receiving 0.6
mg/kg MK-801, a rather different profile was observed.  As
shown in Figure 3C, only the highest GNTI dose (10 mg/kg)
appeared to show appreciable inhibition of stereotypy.
Indeed, this was confirmed by the quantitative analysis of
cumulative stereotypy (Figure 3D).  Only the 10 mg/kg GNTI
group showed statistical difference from that of the MK-801
control (saline+0.6 mg/kg MK-801; F5,48=9.032, P<0.0001),
while other GNTI doses did not show significant difference

Figure 2 . Dose effect of GNTI on peak properties of MK-801-
induced hyperlocomotion.  GNTI doses (mg/kg) are shown in log
scale, and saline control is marked as 0 with the abscissa broken to
indicate non-continuity of the log scale.  (△) data from 0.3 mg/kg
MK-801; (■) data from 0.6 mg/kg MK-801.  The curve data were
smoothed by the method of Savitsky and Golay[33] and calculated by
the GraphPad Prism analysis software.  The Savitsky-Golay method
performs a linear least squares fit for each data point, using a 5-data
point window for a local polynomial regression to obtain the smoothed
value for this data point, and this data point was replaced with the
value of its fitted polynomial. This method is considered superior to
adjacent averaging because it tends to preserve features of the data
such as peak height and width, which may be “washed out” by adja-
cent averaging.  (A) peak height is the maximum peak height of MK-
801-induced hyperlocomotion; (B) peak time is the time taken to
reach the MK-801-induced hyperlocomotion peak. Significance is
ascribed as bP<0.05 or cP<0.01 compared with the control (no GNTI:
saline+MK-801).
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percentage of the MK-801 alone control, which was the maxi-
mum peak height ever reached.  As shown in Figure 4A,
GNTI was able to dose-dependently reduce the percentage
peak height of stereotypy by 0.3 mg/kg MK-801 across most
GNTI doses, and was only effective at the highest dose when
MK-801 was 0.6 mg/kg (GNTI+MK 0.3 groups: F5,53=96.21, P
<0.0001; GNTI+MK 0.6 groups: F5,48=8.604, P<0.0001).  To
examine the overall peak shape, we used a composite param-
eter of 1/2 peak (height/duration) ratio, which was calculated
by dividing the 1/2 peak height with the 1/2 peak duration
(the time duration from the rising phase 50% point to the
declining phase 50% point).  In essence, this composite pa-
rameter reflected the relative peak shape by giving a numeri-
cal ratio between the peak’s height over its width.  As shown
in Figure 4B, this parameter of peak shape differentiated be-
tween 0.3 mg/kg vs 0.6 mg/kg MK-801 for the impact of GNTI
on stereotypy.  While the 1/2 peak (height/duration) ratio
remained unchanged relative to the no GNTI control for 0.6
mg/kg MK-801, it appeared to display a bell-shaped dose-
response curve for 0.3 mg/kg MK-801.  Next, we further ex-
amined the dynamic properties of the stereotypy peak by
taking the 50% peak height as a reference point, and sepa-
rately analyzed the rising phase and the declining phase of
the stereotypy peak for their respective time to reach this
reference point of 50% peak height.  For the rising phase of
the stereotypy peak, the time for stereotypy to rise to 50%
peak height was delayed by GNTI (Figure 4C), with a more
pronounced effect for 0.3 mg/kg MK-801 and some effect for
0.6 mg/kg MK-801 (GNTI+MK 0.3 groups: F4,44=23.28, P<
0.0001; GNTI+MK 0.6 groups: F5,48=9.704, P<0.0001).  For
the declining phase of the peak, we looked at the time for
stereotypy to decline to 50% peak height (Figure 4D), and
GNTI at several doses (0.1 mg/kg, 0.3 mg/kg and 1.0 mg/kg)
actually resulted in a faster decline compared to the 0.3 mg/
kg MK-801 control (F4,43=9.166, P<0.0001), while for the 0.6
mg/kg MK-801 groups, GNTI at the highest dose of 10 mg/
kg resulted in a slower decline (F5,47=6.458, P<0.0001).  Thus,
for the 0.6 mg/kg MK-801 groups, both the time to rise to
50% peak height and the time to decline to 50% peak height
were delayed by 10 mg/kg GNTI (Figures 4C,4D).  On the
other hand, for the 0.3 mg/kg MK-801 groups, GNTI delayed
the rising phase kinetics (Figure 4C) while hastening the
declining phase kinetics (Figure 4D).  These results again
highlighted the differential effects that GNTI exerted on 0.3
mg/kg vs 0.6 mg/kg MK-801-induced stereotypy.

Discussion
MK-801 is a non-competitive NMDA receptor antago-

nist and is known to cause increased locomotion and vari-

from the MK-801 controls.
To better explore and highlight the dynamic properties

that GNTI exerted on MK-801-induced stereotypy, we ana-
lyzed various parameters of the stereotypy peak.  First, we
examined the stereotypy peak height and calculated as a

Figure 3 . MK-801-induced stereotypy and GNTI effects.  The dose
of MK-801(mg/kg) or GNTI (mg/kg) is indicated for each symbol.
Data were from the same animals as in the experiments shown in
Figure 1.  (A) time course of 0.3 mg/kg MK-801-induced stereotypy
and the impact by GNTI; (B) cumulative stereotypy from the results
in panel A.  (c) significantly different from the saline+MK-801 (0.3
mg/kg) group (P<0.01); (C) time course of 0.6 mg/kg MK-801-in-
duced stereotypy and the impact by GNTI; (D) cumulative stereo-
typy from results in panel C.  (f) significantly different from the
saline+MK-801 (0.6 mg/kg) group.
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ous stereotypical behavior in rodents.  These MK-801-in-
duced behaviors are commonly used as a model for preclini-
cal evaluation of psychoactive properties of drugs includ-
ing schizophrenia.  GNTI is a selective antagonist for the
kappa opioid receptor[16,17,22].  There is evidence for interac-
tion between the kappa opioid receptor and MK-801-medi-
ated NMDA receptor[23], and there have been reports of po-
tential involvement of the kappa opioid receptor in schizo-
phrenia[12,24].  Considering these reports, we undertook the
current study and examined the effect that GNTI exerted on
MK-801-induced behavior.

Our laboratory has previously studied the effect of MK-
801 on locomotion and stereotypy and reported the MK-801
effect over a rather wide range of concentrations (from 0.02
mg/kg to 10 mg/kg) in mice[19,20].  Based on our previous
results, we chose 2 doses of MK-801 for the current study:
0.3 and 0.6 mg/kg MK-801.  This is because that these 2
doses of MK-801 appeared to represent a transition point
for the bimodal effects of MK-801 on locomotion and stereo-
typy[19], while 0.3 mg/kg MK-801 primarily increased loco-

motion with much reduced stereotypy (well below 50% even
at the peak time) and 0.6 mg/kg MK-801 was able to induce
substantial stereotypy (peak time about 90%).

Our data indicate that GNTI displayed an inhibitory ef-
fect on MK-801-induced hyperlocomotion (Figures 1C, 1D),
by reducing the hyperlocomotion peak height and delaying
the time to reach the hyperlocomotion peak (Figure 2).
Interestingly, the influence of GNTI on MK-801-induced ste-
reotypy showed a differential effect between 0.3 mg/kg vs
0.6 mg/kg MK-801 (Figure 3).  For 0.3 mg/kg MK-801, GNTI
inhibited stereotypy in a dose-dependent manner (Figures
3A,3B).  For 0.6 mg/kg MK-801, however, GNTI was largely
ineffective except at the highest dose of 10 mg/kg (Figures
3C,3D).  This differential effect was also evident when exam-
ining the hyperlocomotion peak height; the peak height by
0.3 mg/kg MK-801 was progressively reduced more and more
as the GNTI dose became higher, whereas the peak height
by 0.6 mg/kg MK-801 was only significantly affected by the
highest dose of GNTI (Figure 4A).  The overall peak shape
parameter, 1/2 peak (height/duration) ratio (Figure 4B) also

Figure 4. Relationship between peak stereotypy and GNTI dose effect. GNTI doses (mg/kg) are shown in log scale, and the control
(saline+MK-801, no GNTI) is marked as 0 with the abscissa broken to indicate non-continuity of the log scale.  (△) data from 0.3 mg/kg MK-
801; (■) data from 0.6 mg/kg MK-801.  (A) stereotypy peak height was shown as a percentage of the maximum peak height (MK-801 alone
control); (B) 1/2 peak (height/duration) ratio was calculated by dividing the 1/2 peak height with the 1/2 peak duration (the time duration from
the rising phase 50% point to the declining phase 50% point).  This composite parameter serves to reflect the relative ratio between the
stereotypy peak’s height over width; (C) time for stereotypy score to rise to 50% of the peak height as an indication of the rising phase
dynamic property of the stereotypy peak; (D) time for stereotypy score to decline to 50% from the peak as an indication of the declining
phase dynamic property of the stereotypy peak.  Significance is ascribed as bP<0.05, cP<0.01 compared with the control (no GNTI:
saline+MK-801).
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showed the divergent trend for the 2 doses of MK-801.  While
this parameter for 0.3 mg/kg MK-801 showed a bell-shaped
GNTI dose-response curve, for 0.6 mg/kg MK-801 it stayed
relatively unchanged from the control group value (Figure
4B).  These results suggest that 0.3 mg/kg and 0.6 mg/kg
MK-801 may indeed represent 2 different phases of MK-
801-induced behavior, and such differential sensitivity was
readily observed when the effect of GNTI on stereotypy was
examined.  In addition, the pharmacodynamic aspect of GNTI
may represent a contributing factor in the differential dos-
age effect, as GNTI is structurally related to nor-BNI[7] and
nor-BNI has been shown to have rather long acting dura-
tion[25].  It should be noted that, our broad definition of ste-
reotypy included ataxia-like behavior.  In our previous study,
it was shown that including vs not including ataxic behavior
in stereotypy scoring would not affect the outcome of MK-
801-induced stereotypy[19].  Nonetheless, there is a possibil-
ity that ataxia may constitute a confounding factor in ani-
mals’ response to drug effect, and should be taken into con-
sideration when viewing the outcome of this study.

Generally, hyperlocomotion and stereotypy in animal ex-
periments are considered to be 2 behavioral signs reflective
of schizophrenia symptoms.  Using longer recording peri-
ods and observing stereotypy in addition to locomotion as a
behavioral measure, appears to be particularly important for
studying modulation of MK-801 effects by other drugs[19].
The mechanisms by which MK-801 increases locomotion
and stereotypy in a spontaneous alternation paradigm ap-
pear to involve glutamatergic-dopaminergic, glutamatergic-
serotonergic or dopaminergic-serotonergic interactions[26].
Regarding the role of neuropeptide and opioid involvement
in schizophrenia, there are 2 schools of thoughts: one main-
tains that endogenous opioid peptides are in deficit in
schizophrenia, thus supplementing them may be helpful in
treating schizophrenia, and the other believes that the neu-
ropeptides are already too high in schizophrenic patients[27].
The results of our study indicate that antagonizing kappa
opioid receptors can reverse MK-801-induced effect on
behavior.  These results, if extrapolated to human conditions,
would suggest that reducing the activity of kappa opioid
receptors may be beneficial for psychotic symptoms in
schizophrenics.  Other groups have reported that the dele-
tion of the kappa-opioid receptor increased dialysate DA
levels in the nucleus accumbens, suggesting the existence
of a tonically active kappa opioid receptor-mediated system
that inhibits the basal activity of mesoaccumbal DA neu-
rons[4].

Nor-BNI is another selective antagonist for kappa opioid
receptors[28], and is structurally related to GNTI[7].  Nor-BNI

pretreatment blocks stress-induced potentiation of cocaine-
related conditioned place preference[29], but nor-BNI fails to
reverse MK-801 on the development of morphine tole-
rance[30] and the PPI disruption mediated by both apomor-
phine and MK-801[31].  Nor-BNI could weaken behavioral
withdrawal caused by electrical stimulation of the nucleus
paragigantocellularis[32].  For the first time, our study utilized
GNTI as a selective antagonist to probe kappa opioid recep-
tor involvement in the mouse model of MK-801-induced
behavior, and provided conceptual support for considering
GNTI or similar kappa opioid antagonists as antipsychotic
drugs.  Our study also demonstrated the usefulness of GNTI
as a tool to study the role of kappa opioid receptors relating
to animal behavior and psychosis models.

In conclusion, our current study using GNTI showed
that it can decrease MK-801-induced stereotypy and
hyperlocomotion.  The pharmacological profile of GNTI as a
selective kappa opioid antagonist thus links the kappa opioid
receptor in the modulation of MK-801-induced behavior,
pointing to a potential route of developing novel antipsy-
chotic drugs to treat schizophrenia and other mental illnesses.
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