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The effects of the benzodiazepine receptor antagonist flumazenil (Ro 15-1799), the 

benzodiazepine receptor partial inverse agonist Ro 15-4513 and the benzodiazepine 

receptor inverse agonist B-CCM on the behaviour of control and small platform 

stressed mice studied. Small platform stress was induced by placing the animals’ on 

small platforms (d = 3.5 cm) surrounded by water for 24 hours. This technique 

involves several factors of stress such as rapid eye movement sleep deprivation, 

isolation, immobilization, falling into the water and soaking. 

In the plus-maze test small platform stress induced changes indicating anxiolytic 

action — an increase of the percentage of entries made onto and the percentage of 

time spent on the open arms. In control mice flumazenil (2.0 and 10.0 mg/kg), 

Ro 15-4513 (0.5; 1.0; 2.5; 5.0 and 10.0 mg/kg), and B-CCM (1.0 and 2.0 mg/kg) exerted 

dose-dependent anxiogenic effect. The small platform stress induced an enhancement 

of the anxiogenic effect of flumazenil, but not that of Ro 15-4513 and B-CCM. 

The selective enhancement of flumazenil’s action may be explained with the mode of 

action of flumazenil. It is proposed that small platform stress causes changes in the 

concentration of the endogenous benzodiazepine receptor ligand with stress protec- 

tive activity and flumazenil acts by blocking the effects of this endogenous ligand. 
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INTRODUCTION 

The gamma-aminobutyric acid (GABA), receptor-chloride ionophore com- 
plex undergoes rapid and persistent changes in the brain of stressed animals 

(1—3).
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Consequently, behavioural effects of drugs acting at the GABA, 
receptor-chloride ionophore complex are different in stressed animals as 
compared to unstressed animals (4). As a rule, benzodiazepine receptor 
agonists inhibit the behavioural consequences of the stress exposure, and the 
benzodiazepine receptor inverse agonists enhance them (5, 6). 

Various acute chronic models of stress exert anxiogenic effect in laboratory 
animals. In rats and mice acute stress (handling, exposure to noise, footshock, 
etc.) reduces locomotor activity (7, 8) and induces anxiogenic effect in the 
plus-maze (9, 10) and hole-board tests (8, 11). 

Chronic exposure of laboratory animals to mild unpredictable stressors 
during 11—38 days produces a generalized decrease in sensitivity to reward 
(anhedonia) as assessed by reduced consumption of sucrose solution (12, 13), 
ventral tegmental self-stimulation behaviour (14), and inhibition of 
food-induced place preference in rats (15). 

It has been repeatedly demonstrated that animals exposed to the small 
platform surrounded by water for 24 hours or longer, undergo heavy 
stress. According to the original idea, animals exposed to the small 
platform stress will be selectively deprived of rapid eye movement sleep 
(16, 17). However, as this technique involves other factors of stress such as 
isolation, immobilization, falling into the water, this technique must be 
considered a model of stress where rapid eye movement sleep deprivation 
is one factor only (18, 19). 

The peculiarity of small platform technique is that after stress exposure 
animals display increased locomotions and preference for novelty (18—20). 
The results of our previous experiments have also shown that in contrast 
to other stresses, mice exposed to small platform stress also exhibit 
anxiolytic-like behaviour in the plus-maze test (21, 22). Furthermore, the 
exposure to small platform stress induces changes in the functional activity 
of GABA, receptor-chloride ionophore complex: an increase in the 
number of cortical benzodiazepine receptors and reduction in the 
GABA-stimulated *°Cl~ uptake by brain microsacs (23). The behavioural 
studies have demonstrated a decreased sensitivity to the anxiolytic effect 
and increased sensitivity to the sedative effect of diazepam and ethanol in 
animals exposed to small platform stress (21, 22). It is hypothesized that 
small platform stress-induced changes may be responsible for the 
modification of the effects of drugs acting at the GABA, receptor-chloride 
ionophore complex. 

The aim of the present study was to investigate whether the behavioural 
effects of the benzodiazepine receptor antagonist flumazenil (Ro 15-1788), the 
partial inverse agonist Ro 15-4513 and the full inverse agonist B-CCM are 
changed after the small platform stress exposure.
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MATERIALS AND METHODS 

Animals 

Naive male albino mice (NMRI strain, Grindex Breeding Center, Riga, Latvia) aged 5—6 

months and weighing 25—40 g were used throughout the study. Mice were maintained at 20+ 2°C; 

water and standard laboratory food were available ad libitum. Mice were housed 20 per plastic 

cage and exposed to a 12/12 h light-dark cycle. Lights were on from 7.00 a.m. to 7.00 p.m. 

Drugs 

The benzodiazepine receptor antagonist flumazenil, the benzodiazepine receptor 

partial inverse agonist ethyl-8-azido-5,6-dihydro-5-methyl-6-0x0-4H-imidazo[1,5-a] [1,4] ben- 

zodiazepine-3-carboxylate (Ro 15-4513) and the benzodiazepine receptor inverse agonist 

methyl-8-carboline-3-carboxylate (B-CCM) were kindly donated by Hoffman-La Roche, Basel, 
Switzerland. Flumazenil and Ro 15-4513 were suspended in saline with a drop of Tween-80, 

B-CCM was dissolved in 0.1 N HCl and then diluted with saline to volume 0.1 ml per 10 grams of 
body weight. All drugs were injected intraperitoneally. Flumazenil was injected 30 minutes, B-CCM 
20 minutes and Ro 15-4513 — 5 minutes before behavioural testing. Control animals were given 
vehicle (saline with a drop of Tween-80 or diluted 0.1 N HCl) 5, 20 or 20 minutes before 
behavioural testing. 

The small platform technique 

Mice were exposed to the small platform stress for 24 hours according to the method described 
previously (24, 25) with some modifications. Mice were placed individually for 24 h on the small 
platform (3 cm high, 3.5 cm diameter) which was fixed at the center of a plastic chamber (20 cm 
diameter, 40 cm high) and surrounded by water (1 cm deep) at 22°C. Injections of drugs were made 
at the end of stress exposure. When drug or vehicle injections were carried out mice were returned 
to the platforms until behavioural testing. Animals were subjected to small platform stress starting 
at 12.00 a.m. for 24 h. Behavioural experiments were carried out immediately after the end of stress 
exposure. 

To eliminate the effect of stress due to handling each animal was handled twice a day for 
7 days before the start of experiments. 

The plus-maze test 

The plus-maze test was carried out according to File et al. (26). The plus-maze consisted of two 
open (8 x 17 cm) and two closed arms (8 x 17 x 30 cm), which were connected by a central platform 
(8 x 8 cm). Mice were placed on the central platform facing an open arm. During 5 minutes the 
number of entries made onto the open and into the closed arms and the time spent on the open 
arms were measured. On the basis of these data the percentage of entries made onto the open arms 
and the percentage of time spent on the open arms were calculated. 

Statistics 

Data were analyzed using two-way analysis of variance (ANOVA), where small platform stress 
was taken as one factor and effect of drugs as another. Post-hoc statistical analysis was made by 
the Bonferroni test.
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RESULTS 

The effect of flumazenil, Ro 15-4513 and B-CCM on the behaviour of mice in the 

plus-maze test 

"Mice exposed to small platform stress demonstrated an anxiolytic-like 

activity that was evidenced by an increase in the percentage of entries made 

onto and the percentage of time spent on the open arms. The total number of 

entries made onto the open and into the closed arms of the plus-maze was also 

increased (Table I, Table 2). 

In control mice flumazenil in a dose of 2.0 mg/kg did not have effect 

on the behaviour of mice in the plus-maze test. In a higher dose of 

10.0 mg/kg, flumazenil decreased the percentage of entries made onto 

and the percentage of time spent on the open arms. In both doses used 

flumazenil did not influence the total number of entries made by control 

mice in the plus-maze test (Table 1). 

Table 1. The effect of flumazenil, Ro 15-4513 and 5-CCM on the behaviour of control and small 

platform stressed (SP) mice in the plus-maze test. 

  

  

  

  

  

  

  

  

    

Drug, n % of entries made onto | % of time spent on the | Total number of entries 

dose (mg/kg) the open arms open arms made in the plus-maze test 

Control SP Control SP Control SP 

Vehicle 14 |35.9+4.8 | 46.2+2.9** |17.8+3.2 | 29.642.7*** |19.6+0.8 | 24.5+1.3*** 

Flumazenil 2.0 6 [27.0+1.3 |13.1+2.2*** |16.7+2.1 | 6.7+1.2***|19.5+0.9 | 18.5+2.1** 

10.0 6 [18.9+1.6***| 22.7+2.5*** [6.2+0.7***| 7.9+0.6*** |17.5+0.7 | 14.5+2.1*** 

Ко 15-4513 1.0 6 [15.642.1***| 32.5+1.9** 4.5+1.0***| 13.4+1.2*** |18.3+1.3 | 13.5+1.7*** 

3.0 6 |63+15***| 3.9+26*"" |11+0.3***| 0.5+0.3*** |155+0.5*| 1.5+1.0*** 

B-CCM 10 8 [28.9429 |31.6+26*"" |15.6+1.0 |14.1+1.6*** |16.4+0.9 |18.5+1.3*** 

2.0 8 |243+44** | 32.6+19"** |9.8+1.2** | 10.0+1.6*** | 119+1.6***| 14.6+1.0* **                 
  

* — Р< 0.05, ** — Р< 0.01, *** — Р< 0.001 versus control/vehicle; ** — P<0.01, *** 

— P <0.001 versus SP stressed/vehicle (Bonferroni test). 

‚ In small platform stressed mice flumazenil in both doses used (2.0 and 10.0 

mg/kg) decreased the percentage of entries made onto the open arms, the 

percentage of time spent on the open arms and the total number of entries in 
the plus-maze test (Table 1). 

Two way ANOVA revealed significant interaction between the effects of 
stress and flumazenil on the percentage of entries made onto the open arms
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[F(2,46) = 4.493; p< 0.05], on the percentage of time [F(2,46) = 6.758; 

p < 0.005] and on the total number of entries [F(2,46) = 4.819; p < 0.05]. 

Ro 15-4513 and B-CCM in both control and small platform stressed mice 

dose-dependently decreased the percentage of entries made onto the open 

arms, the percentage of time spent on the open arms and the total number of 

entries (Table I, Table 2). 

Table 2. The effect of Ro 15-4513 on the behaviour of control and small platform stresed (SP) mice 

in the plus-maze test. 

  

  

  

  

  

  

  

  

Drug, % of entries made onto | % of time spent on the | Total number of entries 

| dose (mg/kg) п the open arms open arms made in the plus-maze test 

| Control SP Control SP Control SP 

Vehicle 6 |28.2+5.0| 34.0+3.2 |16.9+3.8| 25.1+3.9* | 141+ 2.4| 20.3 +3.4* 

Ко 15-4513 0.5 | 6 |27.5+5.8| 29.747.0 |15.9+2.8| 16.4+3.4* | 15.8 +2.3| 13.1+3.3* 

10} 6 |13.746.1] 24145.2 | 7.54+4.2*% 7.042.1** | 10.1+1.8] 8.14 1.31% * 

25| 6 |10.8+5.2*| 14.4+8.0* |4.0+2.2***| 11405777] 6.8+1.8*| 4.6+1.57** 

5.0} 6 7.1+4.9*| 7.5+4.8** | 20+L6***| 1.0+0.7***| 5.5+2.0**| 3.0+1.57"* 

10.0} 8 7.5+4.8*| 11.147.0** | L5+L0***| 0.440.37** | 23+0.7***| 2.040.377 *                   
  

* _ P< (0.05, *** 

* — p< 0.05, ** 

— < 0.001 versus control/vehicle; 

— P< 0.01, *** P<0.001 versus SP stressed/vehicle (Bonferroni test). 

DISCUSSION 

The small platform technique, originally designed for the selective 

deprivation of REM sleep (16, 17) is currently considered a model of stress 

where rapid eye movement sleep deprivation is only one factor (18, 19). 

Although in our previous neurochemical experiments isolation, immobilization 

on large platforms (d= 9.0 cm) and repeated swimming stress had no influence 

on 3H Flunitrazepam binding or GABA-stimulated *°Cl~ uptake (22), it is 
probable that a combination of stress factors rather than one single factor 

might be responsible for the observed alterations in the activity of the GABA, 
receptor-chloride ionophore complex. Therefore, the results are discussed in 
the terms of stress, not in the terms of selective rapid eye movement sleep 

deprivation. 

In accordance with our previous studies (21, 23) small platform stress 

Significantly increased the percentage of entries made onto and the percentage 
of time spent on the open arms of the plus-maze, suggesting possible 

anxiolytic-like effect of small platform stress (26, 27). This effect was accom-
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panied by an increase in the total number of entries. It may be supposed that 

an anxiolytic-like behaviour of small platform stressed mice in the plus-maze is 

solely due to the increased locomotions. However, it has been shown that 

anxiolytic drugs increase, whereas anxiogenic drugs decrease the total number 

of entries. Therefore it may be proposed that changes in the total number of 

entries in the plus-maze reflect the level of anxiety rather than changes in the 

locomotor activity (28). 

In control mice flumazenil in a dose of 2.0 mg/kg had no effect and in 

a dose of 10.0 mg/kg exerted anxiogenic effect in the plus-maze test, as 

evidenced by a decrease in the percentage of entries made onto and the 

percentage of time spent on the open arms. These results are in confirmation 

with previous results where anxiogenic effect of flumazenil was seen after high 

doses (29). Although flumazenil was initially considered as a “neutral” 

benzodiazepine antagonist, lacking of an intrinsic activity (30), more recent 

data demonstrate that the effect of flumazenil is greatly dependent on the dose 

and the level of anxiety of the laboratory animals (31). In animals with high 

level of anxiety, flumazenil can produce anxiolytic-like effect, whereas in 
animals with low level of anxiety — an anxiogenic effect (32—34). This 
assumption is supported by the fact that the anxiolytic effect of flumazenil has 

been observed in humans in simulated stress (35). In our experiments small 
platform stress resulted in the enhancement of the anxiogenic effect of 
flumazenil in the plus-maze test. In small platform stressed mice the anxiogenic 
effect of flumazenil was seen at a dose of 2.0 mg/kg that was ineffective in 
control mice. 

In agreement with previous studies (36, 37) the partial benzodiazepine 
receptor inverse agonist Ro 15-4513 and the full benzodiazepine receptor 
inverse agonist B-CCM exerted anxiogenic effect in the plus-maze test. The 
anxiogenic effect of these drugs was not affected by small platform stress 
exposure. 

On the basis of our data it may be proposed that small platform stress 
increases the sensitivity of mice to the anxiogenic effect of flumazenil, but not 
B-CCM and Ro 15-4513. 

There are several hypothesis about the selective enhancement of flumazenils 
action. 

One possible explanation is that the weak anxiogenic effect of flumazenil is 
seen at a lower dose because of the anxiolytic-like effect of small platform 
stress. However, this assumption is contradicted by the fact that we were 
unable to show any enhancement of Ro 15-4513 effect even by using a wide 
range of doses (0.5—10.0 mg/kg). 

The enhancement of flumazenil’s action might also be explained with its 
antagonistic action at the benzodiazepine receptor. It is possible that small 
platform stress increases the concentration of the endogenous benzodiazepine
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receptor ligand with stress protective activity. An existence of such a ligand has 

been proposed recently (2, 3). Such a proposal is in agreement with our 

behavioural studies demonstrating anxiolytic-like behaviour found in small 

platform stressed mice. Flumazenil may act by blocking the effects of this 

endogenous benzodiazepine receptor ligand. Another explanation might be, 

that observed in our previous studies increase in benzodiazepine receptors 

in small platform animals is a compensatory reaction to reduced GABAergic 

tone (22). The blockade of benzodiazepine receptors by flumazenil would 

unmask the reduced GABAergic tone and thereby increase the level of 

anxiety. 
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