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The effects of cholecystokinin (CCK) CCK, receptor antagonist devazepide (10 
ug/kg and 1.0 mg/kg), CCK, receptor antagonist L 365260 (1.0 mg/kg), and CCK, 
receptor agonist CCK tetrapeptide (CCK-4, 75 pg/kg), and their concomitant 
administration with antidepressants desipramine (10 mg/kg) and citalopram 
(10 mg/kg) on rat exploratory behaviour were studied in the recently developed 
exploration box test. In addition, the effects of repeated administration of desip- 
ramine (10 mg/kg) and citalopram (10 mg/kg) were studied. After acute administra- 
tion, CCK-4 decreased significantly the number of line crossings, rears, investigative 
approaches, and the time spent exploring. The time of latency and the number of 
entries into large arena were unchanged. Desipramine reduced all observed criterions 
of rat behaviour, but citalopram was ineffective. Devazepide (1.0 mg/kg) and 
L 365260 (1.0 mg/kg) had no effect on rat behaviour after acute or repeated 
administration. L 365260 (1.0 mg/kg) blocked the antiexploratory effect of CCK-4, 
whereas devazepide (10 pg/kg) did not. No interaction of CCK-4, devazepide, or 
L 365260 treatment with antidepressant treatment was found. Our results suggest 
that the administration of a CCK, agonist diminishes rat exploratory behaviour, but 
neither CCK, nor CCK, receptor blockade induces changes on rat exploratory 
behaviour in the free exploration paradigm. 

Key words: cholecystokinin, desipramine, citalopram, anxiety, exploratory behaviour, 

exploration box, rat 

INTRODUCTION 

Cholecystokinin- (CCK-) ergic neurotransmission in the central nervous 
system (for a review, see (1)) is one of the neurobiological systems which 
appears to regulate the neurobiology of anxiety and panic disorders both in 
humans and animals (2—4). The effects of CCK in the CNS are mediated
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through distinct receptor subtypes, CCK, and CCKg (5, 6). In the majority of 
studies it has been found that the anxiogenic effects are mediated through the 
CCK, receptor subtype (7—10). Thus, it has been found that the 
cholecystokinin tetrapeptide (CCK-4) which is a selective CCK, receptor 
agonist, may produce a significant decrease of exploratory behaviour in 
rodents (11, 12) and may dose-dependently induce signs of anxiety in healthy 
volunteers (13). CCK receptor antagonists have been found to elicit 
anxiolytic-like effects (7, 14, 15) and it has been proposed that CCK, receptor 
antagonists could be used as novel anxiolytic drugs. During the last years, 
several new compounds with high CCK, receptor affinity and good lipid 
solubility have been synthesized (16). 

Antidepressive drugs, widely in clinical use (17, 18), may in some cases cause 
anxiety after acute administration (19, 20). There are also data that antidepress- 
ants may produce acute anxiogenic effect in rodents in behavioural tests which 
are based on exploratory behaviour (21—23). 

The exploratory behaviour in rodents is an evolutionary shaped drive since 
it is essential to adapt in a new environment. Two main domains of exploratory 
behaviour are the motivation to collect new information from the environment 
(curiosity drive) and fear (neophobia), (for a review, see (24)). A wide variety of 
animal models of exploratory behaviour has been developed to investigate the 
anxiolytic and anxiogenic profiles of drugs (24—27). For example, the widely 
used elevated plus-maze test, the elevated zero-maze test (15, 28—31) and the 
classic open field test (32) are tools for the identification of anxiolytic and 
anxiogenic effects. On the other hand, neither the elevated plus-maze, the open 
field test nor the other recently used animal screens are very suitable to 
distinguish the emotional and motivational components of the exploratory 
behaviour since these techniques use forced exploration and very limited time 
period (33). The exploration box, initially designed to distinguish the emotional 
and motivational components of exploratory behaviour after noradrenergic 
denervation (34), has been found to be also an appropriate tool to differentiate 
true anxiogenic effects from false positives. Furthermore, in the exploration box 
(for description, see Materials and Methods), several behavioural criterions can 
be observed simultaneously and the neophobia drive (emotional part) could be 
distinguished from the curiosity drive (motivational part). Thus, the number of 
line crossings, the number of rears, the number of investigative approaches, and 
the time spent exploring in open arena reflect neophobia. On the other hand, 
the number of entries into open arena, and the time of latency reflect rather 
curiosity. When the animal is repeatedly exposured to the exploration box, the 
habituational component of exploratory behaviour could be studied. 

The link between CCK-ergic neurotransmission and anxiogenic effects of 
antipressants is not known; and our study attempts to clarify whether such 
a link exists when the animal is exposed to the exploration box. Therefore, we
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investigated the effects of a CCK, receptor agonist CCK-4 (75 ug/kg), a CCK, 

receptor antagonist devazepide (10 pg/kg or 1.0 mg/kg), a CCK, receptor 

antagonist L 365260 (1.0 mg/kg), and their interaction with desipramine 

(10 mg/kg) or citalopram (10 mg/kg) coadministration on rat exploratory 

behaviour in the exploration box. In addition, the effects of repeated devazep- 

ide (10 pg/kg and 1.0 mg/kg), L 365260 (1.0 mg/kg), desipramine (10 mg/kg), 

and citalopram (10 mg/kg) administration were studied. 

MATERIAL AND METHODS 

Animals 

Female Wistar rats (from Grindex Breeding Center, Riga, Latvia) weighing 200—250 g were 

used in all experiments. The animals were housed five per cage under standard laboratory 

conditions; water and food were available ad libitum. The animal room had controlled temperature 

(20°C +2°C) and light/dark cycle (light on from 8.00 a.m. to 8.00 p.m.). 

One hour before an experiment the animals were moved in their home cages from the animal 

room into the behavioural testing room. All experiments were carried out between 1.00 p.m. and 

7.00 p.m. Each test group consisted of four to ten animals. Each animal was used only once. In the 

experiments with repeated exposure to the exploration box, the same animal was used in five 

consecutive days. 

Experimental apparatus 

The exploration box (34) consists of a stainless steel rectangular arena with dimensions 
50 x 100 cm and 40 cm side walls; on the shorter side of apparatus, a small chamber 20 x 20 x 20 cm 
similar to home cage (with sawdust floor) was situated. The surface of the floor of the arena was 
divided into eight squares of equal size. Onto large arena, few objects such as a cardboard box, 
a glass jar, a food pellet, and a wooden handle were placed. 

Procedure 

For the test, the animal has been placed into the small chamber and has been observed during 
15 min for following criterions: (1) time of latency (time spent before first entry into the large arena); 
(2) horizontal (number of line crossing on the floor) and (3) vertical (number of rears) activity; (4) 
total number of entries into the large arena; (5) time spent exploring on the arena, and (6) number 
of investigative approaches to the novel objects. On the basis of the number of line crossings, the 
number of rears, and the number of the investigative approaches to the novel objects, (7) sum of 
exploratory events has been calculated. 

In some experiments with antidepressant treatment, the time of latency was not measured. 
In the experiments with repeated exposure to the exploration box, the animals were tested in 

five consecutive days. 

Drugs and drug administration 

The following drugs were used: CCK-4, from Bachem AG, Switzerland; citalopram, donated 
by Lundbeck, Denmark; desipramine, from Sigma, USA; devazepide, donated by Merck, Sharp 
& Dohme, UK; and L 365260, [3R—(+)—(2, 3-dihydro-1-methyl-2-oxo-5-phenyl-1H-1,4-ben- 
zodiazepine-3yl)-N’-(3-methyl-phenyl)urea], donated by Merck, Sharp & Dohme, UK.
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Desipramine and citalopram were dissolved in distilled water. CCK-4 was dissolved in distilled 
water by addition of minimal amount of 0.1 N NaHCO, and stored as stock solution at —28°C. 
Devazepide and ТГ 365260 were suspended with few drops of TWEEN-85* 
(polyoxyethylene-(20)-sorbitan oleate). All drugs were adjusted with distilled water up to volume 
1 ml/kg body weight. 

Desipramine (10 mg/kg), citalopram (10 mg/kg), devazepide (10 pg/kg, 1.0 mg/kg), and 
L 365260 (1.0 mg/kg) were injected intraperitoneally 30 min before test session, CCK-4 (75 pg/kg) 
subcutanously 15 min before test session. 

Statistics 

The data obtained from one day experiments were analyzed by one-factor analysis of variance 
(ANOVA) and those of five day experiments by repeated measures ANOVA. When appropriate, 
for post hoc data comparison, the data were subjected to Scheffé test. The probability levels 
p<0.05 were considered statistically significant. 

RESULTS 

The acute experiments 

After acute CCK-4 administration ANOVA revealed a significant main 
effect on rat exploratory behaviour in the exploration box (F(3.20) = 18.20; 
р<0.001 юг the time spent exploring, F(3.20) = 17.31; p<0.001 for the number 
of investigative approaches, F(3.20) = 15.87; p<0.001 for the sum of 
exploratory events, F(3.20) = 14.24; p<0.001 for the number of line crossing, 
F(3.20) = 13.80; p<0.001 for the number of rears). Post hoc tests revealed 
significant differences in all three CCK-4 treated groups in comparison to the 
corresponding vehicle group. Thus, CCK-4 treatment decreased the time spent 
exploring, the number of investigative approaches, the number of line 
crossings, and the number of rears (Table 1). 

Table 1. The effect of CCK-4 treatment on rat exploratory behaviour. 

  

  

              

Number Time Number | Sum of Number ._ | Spent ex- ‚ |. Number | of entries | ^^. of investi- | investiga- Latency | of line ; ploring on| —. . z of rears | into large gative ap-| tional crossings large are- 
arena proaches | events 

na (s) 

1. vehicle 13+3 53+9 20+5 4.6+0.9 |323+47 |29+5 102+ 18 
2. CCK-475 pg/kg s.c. | 3864144 | 14+6** | 342** | 36414 103+42**| 7+5** [25+10** 
3. desipramine 

10 mg/kg +CCK- 
475 pg/kg s.c. 355 + 146 10+3%**/64+2***! 22406 15+5*** 10+ |8+3%*** 

+0:6***# 
4. citalopram 

10 mg/kg+CCK-4 
75 ug/kg s.c. 315+147|8+6***| 06+ |30+10| 37+ |542***|346*** 

+0.6*** +17*** -     

** p<0.01; *** p < 0.001 treatment vs vehicle group (Scheffé test) 
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Fig. 1. The effect of CCK-4, CCK-4 and devazepide, and CCK-4 and L 365260 on rat exploratory 

behaviour in the exploration box. 
Number of exploratory events in the exploration box. All data presented are obtained 
values ++ SEM. The data are subjected to Scheffé test. (1) open columns, vehicle group; (2) hatched 

columns, CCK-4 group; (3) speckled columns, CCK-4+devazepide group, (4) dark columns, 

CCK-4+L 365260 gruop. * p<0.05, ** p<0.01 treatment vs vehicle group.
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In the experiment of the coadministration of CCK-4 and CCK receptor 
antagonists, ANOVA demonstrated significant differences (F(3.16) = 3.25; 
p<0.05 for the number of line crossings, Е (3.16) = 3.87; p<0.05 for the number 
of rears, F(3.16)= 4.06; p<0.05 for the sum of exploratory events, 
F(3.16) = 3.61; p<0.05 for the number of investigative approaches, and 
F(3.16) = 3.64; p<0.05 for the time spent exploring in open arena). The results 
of post hoc (Scheffé) tests are presented on Fig. 1. Thus, L 365260 1.0 mg/kg 
blocked the antiexploratory effects of CCK-4. 

After acute devazepide, devazepide plus desipramine, or devazepide plus 
citalopram treatment ANOVA revealed a significant effect on rat behaviour 
(F(3.20) = 3.51; p<0.05 for the tim spent exploring, F (3.20) = 3.95; p<0.05 for 
the number of investigative approaches, F(3.20) = 3.11: p<0.05 for the sum of 
exploratory events, F(3.20) = 3.31; p<0.05 for the number of line crossings, 
and F(3.20) = 4.95; p<0.01 for the number of rears). Post hoc tests revealed 
significant differences only in the devazepide plus desipramine treated group in 
comparison to the corresponding vehicle group. Thus, devazepide plus 
desipramine treatment decreased the time spent exploring, the number of 
investigative approaches, the sum of exploratory events, the number of line 
crossings, and the number of rears (Table 2). 

Table 2. The effect of devazepide and L 365260 treatment on rat exploratory behaviour. 
  

  

                  

Time 
Number Numb тег spent ex- p umber Sum of 

Latency | of line tre г |0 | BR ploring on | 9) MYest- | investiga- crossings ol rears | into large large are- gative ap-| tional 
arena na (s) proaches | events 

1. vehicle 5+0 |62+12 |24+8 7.6+ 1.4 | 408+62 | 30+6 | 118+18 
2. devazepide 

1.0 mg/kg i.p. 7+2 |58+8 31+7 6.6+0.9 | 365+49 | 15+6 |115+13 
. desipramine 

10 mg/kg+ devaze- 
pide 1.0 mg/kg iip. | 455+ |10+3% |241** 2.0+0.7 | 32+7* 3+1* | 15+4* 

+126* 
4. citalopram 

10 mg/kg + devaze- 
pide 1.0 mg/kg i.p.| 20+3 |70+6 12+4 6.8+2.1 | 385+80 | 26+9 |116+23 1. vehicle 18+6 |42+7 16+2 5.7+0.9 | 280+81 | 20+4 | 78+14 2. L 365260 
1.0 mg/kg i.p. 20+5 |50+9 22+5 4.6+1.4 | 308+43 | 15+6 | 87+14 3. desipramine 
10 mg/kg+L 

365260 1.0 mg/kg i.p.|375+96* | 5+1* * 1.3+0.6* | 1.8+0.7 | 46+17* 8+1* | 13+3* 4. citalopram 
10 mg/kg+L 
365260 1.0 mg/kg i.p.| 32+14 |51+14 10+3 5.0+2.0 | 365+40 | 21+6 71412 | 
  

* p<0.05; ** p <0.01 treatment vs corresponding vehicle group (Scheffé test)



245 

After acute L 35260, L 365260 plus desipramine, or L 365260 plus citalopram 

treatment ANOVA revealed a significant main effect on rat exploratory 

behaviour in the exploration box (F(3.20) = 3.21; p<0.05 for the time spent 

exploring, F(3.20) = 3.35; p<0.05 for the number of investigative approaches, 

F(3.20) = 3.59; p<0.05 for the sum of exploratory events, F(3.20) = 3.26; 

p<0.05 for the number of rears, and F(3.20) = 4.72; p<0.01 for the number of 

line crossings). Post hoc tests revealed significant differences only in the 

L 365260 plus desipramine treated group in comparison to the corresponding 

vehicle group. Thus, L 365260 plus desipramine treatment decreased the time 

spent exploring, the number of investigative approaches, the sum of exploratory 

events, the number of rears, and the number of line crossings (Table 2). 

The experiments with repeated exposure to the exploration box 

In the 1 mg/kg devazepide experiment repeated measures ANOVA revealed 

significant day effects. Thus, repeated exposure to the exploration box 

decreased the number of line crossings (F(4,24) = 5.37; p<0.01), the number of 

entries into large arena (F(4,24) = 8,81; p<0.001), and the sum of exploratory 

events (F(4,24) = 4.45; p<0.01). Similar tendencies were found also for the 

number of rears, the time spent exploring, and the number of investigative 

approaches, although these effects were statistically not significant. The time of 

latency was unchanged in all five consecutive days. Neither treatment effect nor 

treatment x day interaction was found (data not shown). 

In the 10 pg/kg devazepide experiments neither treatment effect nor 

day x treatment interaction was found whereas the day effect was similar to 

the 1.0 mg/kg experiment (data not shown). 

In the L 365260 experiment repeated measures ANOVA revealed significant 

day effects. Thus, repeated exposure to the exploration box decreased the number 
of investigative approaches (F(4,24) = 2.82; p<0.05), the number of entries into 

large arena (F(4,24) = 2.83; p<0.05), and the sum of exploratory events 

(F(4,24) = 2.92; p<0.05). Similar tendencies were found also for the number of 

line crossings, the number of rears, and the time spent exploring, although these 

effects were statistically not significant. The time of latency was unchanged in all 
five consecutive days. Similar to the devazepide treatments, neither treatment 

effect nor treatment x day interaction was found (data not shown). 

After repeated 10 mg/kg desipramine treatment repeated measures 

ANOVA revealed a _ significant treatment effect on rat behaviour 

(F(1.6) = 11.37; p<0.05 for the time spent exploring, F(1.6) = 15.80; p<0.01 for 
the number of investigative approaches, F(1.6) = 21.10; p<0.01 for the sum of 
exploratory events, F(1.6) = 20.73; p<0.01 for the number of line crossings, 

F(1.6) = 22.04; p<0.01 for the number of entries into large arena, and 

F(1.6) = 11.22; p<0.05 for the number of rears). In this experiment, the day
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effect just did not reach significance level (p<0.05). This result could be 

explaned with small number of animals per group (n = 4). No treatment x day 

interaction was found. Thus, desipramine treatment decreased the time spent 

exploring, the number of investigative approaches, the sum of exploratory 

events, the number of line crossings, the number of entries into large arena, and 

the number of rears (Tabl. 3, statistics not shown). 

Table 3. The effect of repeated desipramine and citalopram treatment on rat exploratory 

  

  

behaviour. 

Day Vehicle 7 0 mg/kg Vehicle О 

treatment treatment 
treatment treatment 

Number of line crossings I st 91+5 26+10 92+8 81+8 

2nd 104+17 12+6 73+8 61413 

3rd 79+22 22+9 64+9 58 + 14 

4th 80+17 20+ 10 65+7 51+12 

5 th 96+19 14+11 54+8 61+12 

Number of rears 1 st 23+5 8+5 24+2 16+2 

2nd 25+5 1+1 17+2 9+2 

3rd 14+2 8+3 11+1 8+2 

4th 20+4 7+4 12+1 7+1 

5th 26+8 4+3 12+3 6+2 
Entries into large arena 1 st 7.5+1.0 3.2+ 1.0 6.2+0.5 6.2+0.8 

2nd 5.7+1.1 1.7+0.8 4.8+0.5 4.5 + 1.0 

3 rd 55+1.7 1.5+0.2 3.8+0.7 4.5 + 1.1 

4th 5.7+0.2 1.5+0.8 4.2+0.6 3.5+0.7 

5th 6.7+1.1 1.2+0.9 4.5+0.7 5.5 + 1.0 
Time spent exploring (s) Ist 458 + 68 173+96 450 + 36 435+ 19 

2nd 373+61 120+ 65 362+41 266 + 48 

3rd 312+65 216+85 311+33 252+ 54 

4th 298 + 24 198+111 301 + 34 295+86 
5th 385 +93 93 +79 225+ 39 255+ 53 

Number of object 1 st 44 +6 13+6 42+3 38+4 
investigations 2nd 46+11 7+4 3543 24+5 

3rd 3749 15+6 29+3 24+5 
4th 35+6 148 29+3 23-5 
5th 45+12 7+6 23+4 24+5 

Sum of investigational l st 159 +22 47 +22 159 + 14 136+ 12 
events 2nd 176+29 22+11 125+ 13 95+20 

3rd 132+31 46 + 18 105+13 90+22 
4th 135425 42+22 107+12 82+19 
5 th 167+37 25+21 90+ 16 92+ 18                 

After repeated 10 mg/kg citalopram treatment repeated measures ANOVA 
failed to reveal any significant treatment effect on rat behaviour. However, in 
this experiment an obvious day effect was found (F(4.48) = 8.18; p<0.001 for
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ihe time spent exploring, F(4.52) = 6.34; p<0.01 for the number of inves- 
tigative approaches, F(4.52) = 7.82; p<0.001 for the sum of exploratory events, 

F(4.52) = 6.48; p<0.001 for the number of line crossings, F(4.52) = 3.49; 
p<0.01 for the number of entries into large arena, and Е(4.52) = 8.67; р< 0.001 

for the number of rears). No treatment x day interaction was found, (Table 3, 

statistics not shown). 

DISCUSSION 

In previous experiments it has been demonstrated that the exploration box 

might be used to study the neurobiological basis of the emotional and 

motivational responses in rodents. Thus, using acute and repeated administra- 

tion of the standard anxiogenic B-carbolines DMCM and FG 7142 Otter et al 

(35, 36) demonstrated that the attenuation of exploratory behaviour in the 

exploration box could be considered as an anxiogenic effect. 

In our earlier experiments we have also found that acute or repeated 
imipramine and desipramine elicited antiexploratory effect but citalopram did 

not modify rat behaviour in the exploration box (37). In the present study, 

these findings were confirmed. It should be emphasized that the antiexplora- 

tory effects of desipramine were different from those of B-carbolines, and these 

effects should not be considered as anxiogenic effects. Thus, the 

desipramine-induced decrease of exploratory behaviour was not blocked by 

diazepam, whereas diazepam blocked the antiexploratory effects of B-carbo- 
lines and there was no fear conditioning with antidepressant treatment. 
Furthermore, the antiexploratory effect of antidepressants did not habituate 
(unpublished) and no day x treatment interaction was found whereas using 
standard anxiogenic drugs, this kind of interaction was demonstrated in the 
experiments of Otter et al (35, 36). Finally, it has been found that the 
ambivalent behavioural element stretched-attend posture (SAP) is a sensitive 
parameter to characterisize the „true” anxiogenic/anxiolytic properties of 
a drug in rodents (38—40). Thus, the increased number of SAP-s reflects 
anxiogenic properties of a drug. Although SAP-s were not specially scored in 
our study, after desipramine treatment the animals exhibited less SAP-s. 
Thus, the antidepressive drugs have no major influence on rat emotional 
behaviour when the animal is exposured to the exploration box; the desip- 
ramine-induced decrease of exploratory behaviour should be considered rather 
as diminished motivation to explore the large arena of the experimental 
apparatus. 

Our present experiments confirm the ability of CCK-4 to produce 
antiexploratory effects (11, 41). Thus, the decrease of line crossings, rearings,
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investigative approaches, sum of exploratory events, and time spent exploring 

demonstrates that the CCK-4 treatment induces anxiogenic-like changes in rat » 

exploratory behaviour. This effect might be explained rather due the enhanced 

neophobia than attenuated motivation (number of entries into large arena and 
time of latency were unchanged). The antiexploratory effect of CCK-4 was 
blocked with CCK, receptor antagonist L 365260 (1.0 mg/kg) but not with 
devazepide (10 ug/kg) and this finding supports the predominant role of CCK, 
receptor subtype in anxiety. The devazepide dose 1.0 mg/kg was not tested in 
the acute CCK-4 experiment, since at this dose level devazepide may block also 
CCK, receptors (11). 

It has been demonstrated, that CCK, receptor stimulation and blockade 
induce changes in central extracellular serotonin levels associated with 
“anxious” and “anxiolytic” behaviour (12). In contrast, our experiments 
demonstrate that neither desipramine nor citalopram were able to modify the 
anxiogenic-like effects of CCK-4 in the exploration box. It could be explained 
due the different method and different animals used (the elevated plus-maze 
and guinea-pigs in the experiment of Rex et al (12) vs exploration box and rats 
in our experiments). Moreover, it has been demonstrated to be crucial 
differences in exploratory behaviour in different rodent gender and lines. 
Johnston and File (42) reported gender differences in exploratory behaviour in 
the elevated plus-maze. Rex et al (43) found robust behavioural differences in 
anxiety or exploration between different rat lines. Despite the fact that females 
are in general less sensitive to the anxiolytic or anxiogenic effect of a drug, we 
used females, because of in accordance to the previous experiments females are 
relative stabile in their exploratory behaviour in the exploration box (34). 
Therefore, the effective CCK-4 dose used (75 g/kg) is higher than in many 
reference experiments (the dose 50 pg/kg was ineffective in preliminary 
experiments; unpublished data). 

In the present study, both CCK, and CCK, receptor antagonists failed to 
show any effect on exploratory behaviour or to modify the 
desipramine-induced decrease of exploratory behaviour in the one day 
experiment. Since in the previous experiments of Harro et al (34) it has been 
found that the CCK, receptor antagonist LY 288513 treatment increased the 
number of line crossings and rearings on 3rd day, and sum of exploratory 
events on 5th day, the effect of repeated CCK receptor antagonist treatment 
was studied. We were unable to demonstrate neither drug effect nor 
drug x day interaction. This contradiction could be explained due the different 
baseline activity curve in all five days. Thus, in our experiments the habituation 
(decrease of the baseline activity curve) was significantly more pronounced then 
in those of Harro et al, (34). On the other hand, during the last few years it has 
been also reported on the lack of anxiolytic-like effects of both CCK, and 
CCK, receptor antagonists (44—47). It has been found that the efficacy of
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anxiolytic agents in animal models of anxiety is likely to vary not only 

according to the animal gender or line used but also to the level of fear or 
anxiety induced by the aversive stimulus used. (44). The exploration box as 

a “pure” free exploration paradigm has evidently low capability to induce such 

aversive stimuli. Moreover, a neuropeptide cotransmitter requires high 

frequency neuronal activity or bursting and therefore the CCK receptor 

antagonists should not have any effect under normal neuronal activity (48). 

In conclusion, our results suggest that the enhancement of CCK-ergic 

neurotransmission is involved in the neurobiological mechanisms of neophobia 

in rat, but any robust link between monoaminergic and CCK-ergic 

neurotransmission could not be found when the animal was exposured to the 
exploration box. 
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