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DANYSZ, W., U. ESSMANN, I. BRESINK AND R. WILKE. Glutamate antagonbts have d~ferent effects on sponta- 
neous locomotor activity in rats. PHARMACOL BIOCHEM BEHAV 48(1) 111-118, 1994.-Locomotor activity, ataxia, 
and stereotypy were assessed in the open field after administration of NMDA and AMPA antagonists acting by different 
mechanisms. The interaction with gintamatergic receptors was confirmed in the binding assay. (+)MK-801 and phencycfidine 
(PCP) produced similar changes in horizontal activity, i.e., a strong increase from the begining of the test. Ketarnine, and to 
a lesser extent, memantine, enhanced horizontal activity at the later observation periods only. Amantadine and NBQX 
produced a slight inhibition, while GYKI-52466, d-cycloserine, (+R)-HA-966, CGP-37849, and dextromethorphan were 
ineffective. Vertical activity (rearings) were inhibited by most agents except GYKI-52466 and gly-B partial ngonists. At 
higher doses ataxia was seen after: MK-801, PCP, ketamine, memantine, amantadine, CGP-37849, dextromethorphan, and 
GYKI-52466. Hence, the inhibition of NMDA and AMPA receptors by agents acting at different recognition sites produces 
qualitatively different behavioral consequences. 
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GLUTAMATE receptor-mediated excitotoxicity might be in- 
volved in both acute neuronal insults such as ischemia, hypo- 
glycemia, or trauma, and in chronic progressive neuropathol- 
ogy including AIzheimer's and Parkinson's diseases (1,40). In 
the process of  acute excitotoxicity, both N-methyl-D-aspartate 
(NMDA) and ~-amino-3-hydroxy-5-methyl-4-isoxazolepropion- 
ic acid (AMPA) receptors have been implicated (40,60,66). 
Hence, it is hoped that antagonism of glutamatergic receptors 
will, in a near future, offer a novel therapeutic approach for 
the treatment of  various CNS insults. 

The function of  NMDA receptors can be inhibited by li- 
gands acting at various recognition sites such as competitive 
antagonists, uncompetitive channel blockers, and noncompet- 
itive antagonists acting at the polyamine and strychnine insen- 
sitive glycine sites (gly-B), all being potential targets for drug 
development 00,27,36,50,63). Unexpectedly, there are indica- 
tions that the antagonism realized through various sites pro- 
duces qualitatively different behavioral consequences. In drug 
discrimination studies only weak generalizations between un- 
competitive and competitive NMDA antagonists has been ob- 
served (4,26,61). Moreover, uncompetitive NMDA antago- 
nists produce an increase in dopamine turnover in limbic 

structures and enhance locomotor activity in rodents, while 
competitive antagonists are weak or ineffective (6). It cannot 
be excluded that, in part, the behavioral differences seen be- 
tween various NMDA antagonists may result from their dis- 
tinct selectivity, i.e., actions at other sites (receptors, channels, 
neurotransmitter uptake). Alternatively the mode of  action, 
i.e., channel blockade versus competitive antagonism, should 
produce different consequences, because the interaction with 
changing concentrations of  endogenous glutamate is different. 
Uncompetitive NMDA antagonist usually produce use- 
dependent inhibition, which means that higher agonist con- 
centrations evoke proportionally stronger blockade (11,20,46, 
64). Moreover, even amongst the NMDA channel blockers 
differences have been demonstrated both in vitro assays (7,46, 
50) and in behavioral studies (29,50,54). In general, a less 
favorable therapeutic index resulting from slow channel kinet- 
ics (blocking and unblocking speed) can be seen with MK-801, 
while agents having fast kinetics like dextromethorphan or 
memantine are better tolerated [(12,18,50,62), Danysz not 
published]. In fact, some NMDA channel blockers have been 
used therapeutically for many years with only minor side 
effects as antitussive (dextromethorphan) and antispastic/ 
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antiparkinsonian (amantadine or memantine) medication 
(8,33,48,49,58). Memantine has been profiled recently for the 
treatment of  dementia (13,22). 

Side effects most anticipated from NMDA antagonists in- 
clude behavioral agitation, stereotypy, and ataxia (62). These 
behavioral parameters have been scored simultaneously in the 
open field after treatment with various NMDA antagonists, 
with the main focus on spontaneous activity. AMPA antago- 
nists and dopaminomimetic amphetamine have been used for 
comparison. 

METHOD 

Animals 

Naive male Wistar rats (220-250 g) used for the study were 
housed four per cage with water ad lib, food restricted to 15 g/  
day, in a 12 L : 12 D cycle (lights on at 0600 h), and controlled 
temperature (23 °C). All experiments were performed between 
0900 h and 1200 h (21-24 h after the last feeding). 

Receptor Binding 

Synaptic membranes were prepared as described previously 
(64). After centrifugation, membranes were frozen for a mini- 
mum of 24 h. On the assay day, membranes were thawed at 
room temperature in 20 volumes of  5 mM Tris-HCl buffer 
(pH = 7.4 at 22°C), which was subsequently used for the 
binding assay. The membranes were then homogenized (Poly- 
tron) and incubated for 20 min at 37°C. Membranes were 
then centrifuged for 20 min at 48,000 x g and the pellet was 
resuspended in the buffer by homogenization. This washing 
procedure was repeated three times. The final pellet was resus- 
pended in buffer to obtain a final protein concentration be- 
tween 0.5 and 1 mg/ml. Incubations were started by adding 
aH-MK-801 (22.5 Ci/mmol, 1 nM) to vials with various con- 
centrations (minimum five concentrations in triplicates) of  the 
agents tested, 10 #M glycine, 10 #M glutamate, and 0.1-0.2 
mg protein (total volume was 0.5 ml). The incubations were 
continued at room temperature for 60 min (equilibrium was 
reached under the conditions used). Nonspecific binding was 
determined with 10 #M MK-801. The incubations were termi- 
nated by filtration through Whatman GF/C glass fiber filters 
followed by three washes with 2.5 ml of  buffer. Filters were 
then dried, added with scintillation fluid, and assessed in a 
scintillation counter (Packard) with 5007o efficiency. 

Apparatus 

Locomotor activity was measured in four perspex boxes 
(45 x 45 x 35 cm) placed in a noise-proof chamber equipped 
with: red light (40 W) placed 45 cm above the floor, ventila- 
tion, and video camera. The Opto-Varimex system (Omnitech, 
Columbus Instruments, OH) was used for the measurement 
of  activity. Two sets of  48 infrared photo beams (two dimen- 
sional measurement) placed 3 cm above the floor measured 
horizontal activity. For the measurement of  vertical activity 
another set of  photo beams placed 13 cm above the floor 
was used. The output from the counters was integrated and 
analyzed on line by an IBM computer with use of  Auto-Track 
software. The "box size," i.e., minimal number of  photo 
beams interrupted resulting in the registration of  horizontal 
movement, was set at 3. With this setting, forward locomotion 
but not head waving or sniffing was counted. Only two pa- 
rameters were used for further analysis: distance traveled ( D T )  
and vertical movements (VI) as a measures of  locomotion and 
rearings, respectively. 

Procedure 

All tested agents (see below) were injected IP (2 ml/kg) 30 
min before the placement of the rats in the open-field boxes. 
Then 1-2 min later the recording started and continued for 30 
min (six times 5 min periods). Four rats (control and three 
doses) were always tested simultaneously in four open fields. 
After each run the boxes were cleaned with water. The rats 
behavior was recorded on video tape for subsequent analysis 
of ataxia and stereotypy (head waving), which were scored 
during 5-15 min after the start of  open field recording. The 
presence or absence of  stereotypy was monitored. On the 
other hand, ataxia was scored according to the following crite- 
ria: 0 - n o  signs of  ataxia, 1 - d u c k  walking; 2 - s t rong  duck 
walking, occasionally falling; 3 - v e r y  strong ataxia, unable to 
walk. 

Chemicals 

The antagonists used have been listed below with abbrevia- 
tion (if any); source and reference given in brackets: blockers 
of  NMDA receptor channel: 4-(o-benzylphenoxy)-N-methyl- 
butylamine hydrochloride [bifemelane, Mitsubishi, Japan, (28)]; 
(+)-5-methyl- 10,11-dihydro-5H-dibenzocyclohepten-5,10-imine 
maleate [MK-801; RBI, USA; (20)], phencycfidine [PCP, RBI, 
USA, (2)], l-amino-3,5-dimethyladamantane [memantine; 
Merz+Co,  Germany; (32)], 1-aminoadamantane [amanta- 
dine; Merz+Co,  Germany; (32)], dextromethorphan [RBI, 
USA; (8)], ketamine [RBI, USA; (2)]; competitive NMDA 
antagonist: DL-(E)-2-amino-4-methyl-5-phosphono-3-pentanoic 
acid [CGP-37849; Ciba-Geigy, Switzerland; (37)]; gly B partial 
agonists: (+  R)-3-amino-l-hydroxy-2-pyrrolidone [(+ R)HA- 
966; synthesized by Dr. Leimner, Department of  Synthesis, 
Merz + Co, Germany; (19)]; d-cycloserine [Sigma, USA; (25)], 
AMPA antagonists: l-(4-aminophenyl)-4-methyl-7,8-methylene- 
dioxy-5H-2,3-benzodiazepine hydrochloride [GYKI-52466; 
Institute for Drug Research, Hungary; (44)], 2,3,-dihydroxy- 
6-nitro-7-sulfamoyl-benzo(F)-quinoxaline [NBQX; Novo Nor- 
disk, Denmark; (55)], and dopamimimetic: amphetamine (RBI, 
USA). 

NBQX was dissolved in alkaline pH by adding NaOH (pH 
= 8). GYKI-52466 was suspended in 0.5070 methylcellulose. 
Other agents were dissolved in saline and pH was adjusted to 
6.5-7.5. 

Statistical Analysis 

Open-field activity results (horizontal and vertical) were 
expressed as means + SE and analyzed by two-way ANOVA 
(time x treatment), which, if significant, was followed by the 
Dunnett test for comparison with the control group. Ataxia 
and stereotypy scores were expressed as a minimal dose pro- 
ducing significant effect as assessed by the chi-square test. 
Additionally, maximal ataxia scores obtained at the highest 
doses were given as means + SE. The results of  binding ex- 
periment were analyzed by nonfinear regression and the EC~s 
were expressed as means + SE of  three to five experiments 
(each performed in triplicate). 

RESULTS 

Receptor Binding 

MK-801, PCP, ketamine, memantine, dextromethorphan, 
bifemelane and amantadine inhibited 3H-MK-801 binding in 
that rank order of  potency (Table 1). Gly B partial agonists: 
(+  R)-HA-966 and d-cycloserine did not competitively inhibit 
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3H-MK-801 binding, producing less than 10 % inhibition at a 
concentration of 10/tM. However both inhibited 3H-glycine 
binding with ICso below 10 ~tM (data not shown). GYKI-52466 
and NBQX also failed to affect 3H-MK-801 binding up to a 
concentration of  10 #M. NBQX but not GYKI-52466 potently 
inhibited 3H-AMPA binding (data not shown). 

Comparison of Manual and Automated Measurements 

Initially, a comparison between manual measurements of 
activity and the counts obtained with the Opto-Varimex sys- 
tem was made. The floor of the open field was divided into 
nine squares and then crossing of the lines and rearings were 
scored manually for 10 min. The correlation between manual 
and automated scoring for measurements of horizontal and 
vertical activity in individual animals was 0.83 and 0.80, re- 
spectively (N = 8). Automated measurements of horizontal 
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FIG. 1. Effect of amphetamine and uncompetitive NMDA antago- 
nists (channel blockers) on horizontal activity in the open field. Tested 
agents were injected 30 min before the start of the test. The activity 
was recorded for 30 min in 5 min intervals. The values on the vertical 
axis represent counts of interruptions of lower level photo beams 
indicative of horizontal activity. The results are means + SE of 8 
rats. *p < 0.05 (Dunnett test). 

activity were 20-24 times higher then manual sores, while in 
case of rearings, they were approximately equal. The differ- 
ence in the horizontal activity scores between automated and 
manual measurements reflects quantitative but not qualitative 
differences, i.e., distance traveled in centimeters was obtained 
with automated method. 

Horizontal Activity in the Open Field 

Amphetamine, MK-801, and PCP increased horizontal ac- 
tivity during the whole observation period (30 rain) (Fig. 1). 
Memantine, at higher doses, moderately increased activity 10- 
30 rain after the beginning of  the test. This effect was mani- 
fested as sustained activity for the whole 30 rain observation 
period in contrast to control rats, which showed habituation, 
i.e., decrease in activity after 5-10 rain (Fig. 1). On the other 
hand, ketamine produced pronounced increases in activity as 
compared to the starting values (Fig. 1). Amantadine, bifeme- 
lane, and NBQX produced moderate inhibition at the first 
observation period (Figs. 1 and 2). All other agents had no 
effect, although GYKI-52466 showed an inhibitory tendency 
at the highest dose (Fig. 2). 

Vertical Activity in the Open Field 

Vertical activity was inhibited significantly by all glutamate 
antagonists except bifemelane and GYKI-52466 (Figs. 3 and 
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FIG. 2. Effect of putative NMDA or AMPA antagonists on horizon- 
tal activity in the open field. Tested agents were injected 30 rain before 
start of the test. The activity was recorded for 30 rain in 5 min inter- 
vals. The values on the vertical axis represent counts of interruptions 
of lower level photo beams indicative of horizontal activity. The re- 
suits are means + SE of eight rats. *p < 0.05 (Dunnett test). 
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FIG. 3. Effect of amphetamine and uncompetitive NMDA antago- 
nists (channel blockers) on vertical activity (rearings) in the open field. 
Tested agents were injected 30 rain before the start of the test. The 
activity was recorded for 30 rain in 5 rain intervals. The values on the 
vertical axis represent counts of interruptions of higher level photo 
beams indicative of vertical activity (rearings). The results are means 
+ SE of eight rats. *p < 0.05 (Dunnett test). 

4). The inhibition of rearings was evident during the first one 
to two observation periods (5 min each) when control animals 
show high levels of activity. Both partial agonists at the gly B 
site failed to affect vertical activity. Additionally, the highest 
dose of ketamine increased rearings 10-20 min after the start 
of recording. Amphetamine increased vertical activity during 
the whole 30 min of the test. 

A taxia and Stereotypy 

At the time points assessed, stereotyped head waving was 
seen only after: MK-801, PCP, amantadine, and ketamine 
(Table 1). On the other hand, ataxia was a characteristic be- 
havioral pattern for most of the NMDA antagonists but not 
for the gly B partial agonists [(+R)-HA-966, d-cycloserine] 
and NBQX. The highest ataxia scores were obtained for MK- 
801 and ketamine (Table 1). 
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FIG. 4. Effect of putative NMDA or AMPA antagonists on vertical 
activity (rearings) in the open field. Tested agents were injected 30 
min before the start of the test. The activity was recorded for 30 min 
in 5 rain intervals. The values on the vertical axis represent counts of 
interruptions of higher level photo beams indicative of vertical activity 
(rearings). The results are means + SE of eight rats. *p < 0.05 
(Dunnett test). 

DISCUSSION 

The binding experiments confirmed the interaction of most 
of the tested agents with the PCP site associated with the 
NMDA receptor. On the other hand, gly B partial agonists 
and AMPA antagonists were ineffective as expected. Gly B 
partial agonists and NBQX inhibited, respectively, the binding 
of 3H-glycine and 3H-AMPA. GYKI-52466 was ineffective; 
however, it probably interacts with a modulatory site of the 
AMPA receptor which cannot be studied in binding experi- 
ments at the present time (15). 

On the basis of changes in horizontal activity (and, to a 
lesser extent, in ataxia scores) the tested substances could be 
divided into three categories: agents having a strong effect 
such as MK-SGI, PCP, and ketamine, those affecting activity 
moderately like memantine, and weak or ineffective com- 
pounds (all others). The characteristic common feature of 
most of the NMDA antagonists tested was the inhibition of 
rearings. This could indicate a decreased interest in environ- 
ment (exploration) resulting from the sensory deficit as sug- 
gested for MK-801 at doses of 0.2-0.3 mg/kg [see (23)]. 
AMPA antagonists had only weak effects on both horizontal 
and vertical activity. 

The results obtained are compatible with previous studies 
for bifemelane (42), MK-801 (23,34,35), PCP (34), memantine 
(42), amantadine (42), dextromethorphan (12), ketamine (59), 



GLUTAMATE ANTAGONISTS AND OPEN-FIELD BEHAVIOR 115 

TABLE 1 
EFFECT OF TESTED AGENTS ON 3H-MK-801 BINDING, ATAXIA, AND 

STEREOTYPED BEHAVIOR IN RATS 

3H-MK-801 Ataxia Ataxia  Stereotypy 
Agents IC~o ~M) MED MAX MED Remarks 

Amphetamine NT 1 0.25 + 0.1 1 Sniffing 
Bifemelane 25 + 1.6 >60 0.0 + 0 >60 
MK-801 0.006 + 0.001 0.2 2.2 + 0.29 0.2 
PCP 0.1 + 0.03 10 1.4 + 0.17 10 
Memantine 0.9 + 0.1 30 1.5 ± 0.27 >60 
Amantadine 55 ± 1.5 60 1.5 ± 0.31 200 
Dextromethorphan 1.5 + 0.7 60 0.75 ± 0.25 >60 Sniffing at 60 

mg/kg 
Circling at 100 

mg/kg 
Ketamine 0.6 + 0.1 100 2.0 ± 0.2 60 

CGP-37849 NT 30 1.63 + 0.38 >30 
(+ ,R)-HA-966 NE > 30 0 > 30 

d-cycloserine NE > 30 0 > 30 
GYKI-52466 NE 30 1.38 + 0.49 >30 
NBQX NE > 30 0 > 30 

Ataxia in 2 rats 
at 30 rag/ks 
No changes 

Ataxia in 3 rats 
at 30 mg/kg 

Effect on ataxia and stereotypy (head waving) is shown as a minimal effective dose (MED) in mg/kg 
as assessed by a chi-square test. Maximal ataxia scores (MAX) obtained at the highest dose are also shown 
as mean + SE. For the doses used, refer to Figs. I and 2. (NT-not  tested; NE-not  effective). 

CGP-37849 (6), (+R)-HA-966 (Kretschmer, Tfibingen, per- 
sonal communication), and d-cycloserine (24). Similar results 
were also obtained in mice (30). Most of  the literature indi- 
cates enhancement of  locomotor activity after uncompetitive 
NMDA antagonists but not after competitive blockers. In this 
study, bifemelane, amantadiue, and dextromethorphan fall 
off  this scheme (see below for discussion). Moreover, Svens- 
son et al. (57) found an enhancement of  activity in mice 60- 
160 rain after D-CPPene but the measurement method, animal 
species, and delay of  the test could account for the discrep- 
ancy. To our knowledge there are no comparable data on the 
effects of  NBQX and GYKI-52466 on spontaneous locomotor 
activity in rats. 

It should be mentioned that the parameters selected do not 
favor scoring of  stereotyped behavior but, rather, forward 
locomotion. Hence, differences may be seen in comparison to 
some previous reports. Moreover, in the present study naive 
rats were used, so that the behavioral inhibition could be easily 
detected within initial measurement periods, and behavioral 
activation could be detected later when the activity of  control 
animals declines due to habituation. 

Interpretation of the results as a indication of  diverse be- 
havioral effects produced by inhibition of  NMDA receptors 
through different recognition sites is valid only if the doses 
used assure efficient blockade of  NMDA receptors in vivo. In 
the present study, for all antagonists tested except bifemelane, 
the highest doses used exceeded ED~s for the anticonvulsive 
action; hence, it can be assumed that effective block of  
NMDA receptor function occurred [(3,9,45,56), Danysz and 
Kostowski, not published]. On the other hand, bifemelane (a 
cognitive enhancer and neuroprotective agent) inhibits binding 
to NMDA receptors with ICso of  25/~M (present study) which 
is slightly lower than previously obtained value by Kaneko et 
al. (28). It also blocks NMDA-induced convulsions but with 
an EDso of  80 mg/kg (Danysz and Kostowski, not published), 

which is above the doses tested in the open field. Bifemelane 
has potent cholinomimetic and sympathomimetic activity, 
which can be expected at doses below 20 mg/kg (16,42,53). 
The lack of  effect of the gly B partial agonists [(+ R)-HA-966 
and d-cycloserine] may be explained by their "too high" intrin- 
sic activity, which results in a incomplete receptor inhibition 
(19,25). 

The differences observed between uncompetitive (channel 
blockers) and competitive antagonists could result from the 
lower selectivity of  the former group, the different mode of  
action, or both. Uncompetitive NMDA antagonists usually 
enhance locomotor activity in various experimental paradigms 
and increase dopamine turnover in mesolimbic structures, 
while competitive blockers are usually ineffective (6,65). In 
drug discrimination studies, competitive NMDA antagonists 
completely block the NMDA cue while uncompetitive antago- 
nists produce only a partial inhibition (31). MK-801 produces 
a much more widespread increase in C-2-deoxyglucose utiliza- 
tion than the competitive antagonist CPP (43). On the other 
hand, CPP but not MK-801 reduces firing of  neurons in infe- 
rior colliculns (17). MK-801 and PCP induce burst firing of  
ventral tegmentum (A10) dopaminergic neurons while com- 
petitive NMDA antagonists or (+  R)-HA-966 produce inhibi- 
tion and attenuate the effects of  uncompetitive antagonists 
(5,21). Unfortunately, it is not known whether other NMDA 
channel blockers share this property. Uncompetitive NMDA 
antagonists induce strong EEG desynchronization and stereo- 
typed behavior (head waving) while competitive ones are much 
weaker in this respect (52). 

Interestingly, in the present study, crucial differences were 
seen even within the representatives of  the NMDA channel 
blocker family, which may result from actions unrelated to 
NMDA receptors. It has been reported that PCP at 16 mg/kg 
affects DA uptake, which is close to the dose tested in the 
present study (39). At  higher doses, most uncompetitive 
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NMDA antagonists may have other actions, including block- 
ade of various cationic channels (36). MK-801, PCP, and ket- 
amine produced strong locomotor stimulation and stereotypy 
as compared to other antagonists (present study). Memantine- 
and dextromethorphan-treated animals also did not show 
signs of stereotypy in spite of evident ataxia, indicating effec- 
tive NMDA receptors blockade [(52), present study]. Recently 
it has been shown that sigma ligands in some aspects may 
produce opposite behavioral pattern to NMDA antagonists, 
e.g., inhibition of locomotion was seen after 1,3-di-2-tolylgua- 
nidine (DTG) (51). In fact, dextromethorphan and amanta- 
dine bind with similar affinity to both sigma and PCP sites, 
whilst other uncompetitive NMDA antagonists tested show 
much higher selectivity for the PCP site (33,64). It cannot be 
excluded that actions at sigma sites of ligands such as dextro- 
methorphan or amantadine is responsible for their different 
behavioral profile (e.g., lack of locomotor stimulation). Of 
the agents tested, only memantine, amantadine, and dextro- 
methorphan are used in clinic and show clear NMDA antago- 
nistic activity in vivo (8,13,22,48,58). It has been suggested 
that uncompetitive antagonists produce psychotomimetic ef- 
fects in humans and/or  drug dependence. In fact, psychotomi- 
metic activity has been described consistently for PCP, keta- 
mine, and, in initial clinical trials, for MK-801 (14,38,47). On 
the other hand, the occurrence of these side effects is not a 
major problem when therapeutically advised doses of meman- 
tine, amantadine, and dextromethorphan are used (8,41, 
48,58). Moreover, memantine, in contrast to MK-801, PCP, 
and ketamine, does not substitute for cocaine in drug discrimi- 
nation experiments, although all four antagonist share the 
discriminative cue to PCP (29,54). According to some au- 

thors, better cfinical tolerability of some uncompetitive antag- 
onist results from their fast channel blocking ("on") and un- 
blocking ("off') rates and stronger voltage dependence (7, 
45,46,50). 

GYKI-52466 and NBQX are novel AMPA antagonists 
(noncompetitive and competitive, respectively) clearly active 
after systemic administration (15,44,55). For both, the block- 
ade of AMPA receptors in rodents could be expected to occur 
in the range of 5-15 mg/kg, as concluded from their anticon- 
vulsive or antiischemic activity (55,56). In the present study, 
no major changes in the open field were seen up to 30 mg/kg. 
Hence, AMPA antagonists do not seem to share with NMDA 
antagonists all of the side effects and may represent a new 
approach for the treatment of brain insult (40). 

In conclusion, various NMDA antagonists have distin- 
guishable effects on locomotor activity in rats. This is true 
not only for agents acting at different recognition sites of this 
receptor complex but also for various channel blockers (acting 
at the same site). Stimulation of locomotion is characteristic 
for some of the antagonists, while inhibition of rearings is 
seen with most of them. AMPA antagonists show a different 
behavioral profile having weak effects on spontaneous be- 
havior. 
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