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ABSTRACT 

Rearing is an exploratory behavior induced by novelty, such as exposure to an open field. Stimulation of certain brain 
regions, including the hippocampus, induces both rearing and clonic convulsions. Brain excitability is controlled by 
gamma-aminobutyric acid (GABA) inhibitory neurotransmission through its ionotropic GABAA/allosteric benzodi- 
azepine site. Drugs that decrease GABAA receptor fast inhibitory neurotransmission induce clonic convulsions and 
rearing when injected into the hippocampus. Therefore, individual differences in rearing behavior may be related to the 
susceptibility to clonic convulsions, which could involve differences in brain excitability controlled by GABAA/allos- 
teric benzodiazepine site receptors. Adult, male Wistar rats were divided into high- (HR) and low-rearing (LR) groups 
based on the number of rearings in the open field test. Groups of HR and LR rats were challenged with convulsant 
drugs that antagonize GABA neurotransmission via different mechanisms of action (3-mercaptopropionic acid, a glu- 
tamate decarboxilase inhibitor; bicuculline, a GABAA receptor antagonist; pentylenetetrazol and picrotoxin, both 
GABAA receptor chloride channel blockers and DMCM, a benzodiazepine inverse agonist). The convulsant doses that 
induced 50% of clonic convulsions were determined for each drug. The LR rats had a higher susceptibility (a lower 
convulsant dose 50%) to clonic convulsions induced by DMCM than the HR rats, but there were no differences between 
the groups in the susceptibility to tonic convulsions induced by the same drug. There were no significant differences in 
the convulsant dose 50% for clonic convulsions between the groups for all other drugs injected. In another experiment, 
additional HR and LR rats were injected with a sedative-hypnotic dose of diazepam, which caused a significantly higher 
hypnotic effect (sleeping-time) in the LR rats than in the HR rats. The LR group was also shown to have a significantly 
lower density of [3H]-Flunitrazepam bound to the GABAA receptor in hippocampal membranes. Our data suggest that 
inter-individual differences in rearing are related, at least in part, to the GABA inhibitory neurotransmission controlled 
by the benzodiazepine allosteric site in the GABAA receptor. 
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1. Introduction 

The open field is a widely used behavioral test, with rear-
ing being one of the most commonly recorded behaviors. 
Rearing is considered an exploratory behavior evoked 
by novel stimuli [1-3]. Exploratory behavior is an im-
portant aspect of the behavioral repertoire of an indi-
vidual because, despite the increased risk of facing a 
predator, it increases the knowledge of the environment 
and thereby increases the chances of finding food, 
mates and shelter. 

Rearing has been shown to correspond with hippo- 
campal electrical activity. For instance, strains of rats 

differing in the number of open field rearings also differ 
in their hippocampal EEG power with a higher frequency 
of rearings corresponding with a higher EEG hippocam- 
pal power [4]. Changes in the frequency of rearing be- 
havior have been observed under experimental condi- 
tions, such as electrical brain stimulation [5-8] and drug 
treatment [9]. Kindling, which is an experimental pro- 
cedure involving the delivery of an initially subconvul- 
sive electrical stimulus to certain brain areas that then 
becomes convulsive after a series of stimulation sessions, 
results in the appearance of clonic convulsions and rear- 
ing [8]. In rats kindling to the dorsal hippocampus in- 
duced an increase in the number of open-field rearings 
[5]. In mice, hippocampal mossy fiber distribution has *Corresponding author. 
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been implicated in exploratory behavior and rearing [1, 
10]. Mice from different inbred strains, as well as strains 
genetically selected for high- (HR) and low-rearing (LR) 
behavior, showed differences in their hippo-campal mor- 
phologies with higher rearing strains having larger in- 
tra- and infra-pyramidal mossy fiber projections [11- 
13]. 

Behavior can be considered the output of interacting 
inhibitory and stimulatory synaptic mechanisms that oc- 
cur in the central nervous system. Gamma-aminobutyric 
acid (GABA), considered the most important inhibitory 
neurotransmitter in the vertebrate brain, controls the level 
of brain excitability by interactions with its ionotropic 
and metabotropic receptors [14-17]. GABA fast synaptic 
inhibitory action is achieved by the interaction of the 
neurotransmitter with its ionotropic GABAA receptor, 
which has several binding sites, including a GABA bind- 
ing site, an allosteric chloride channel binding site and a 
benzodiazepine binding site. Drugs that act on these 
binding sites, thereby promoting a decrease in the GABA/ 
GABAA interaction, are convulsants, including bicucul- 
line, picrotoxin and benzodiazepine inverse agonists 
[15,18,19]. Drugs that inhibit GABA synthesis are also 
convulsants [18,20]. In contrast, benzodiazepine agonists, 
which have several effects, are potent anticonvulsant 
drugs [21] that are largely used in the clinic [22]. A 
quantitative trait loci (QTL) study in mice identified two 
QTLs that colocalized on chromosome 10, one for con-
vulsion susceptibility induced by beta-CCM, a convul-
sant that acts as an inverse agonist at the GABAA/ben-
zodiazepine allosteric site [23] and the other for rearing 
in the open field, which suggested the existence of a sin-
gle locus with a pleiotropic effect [24]. Therefore, the 
inter-individual differences in rearing behavior may be 
due to differences in the expression of GABAA/benzo-
diazepine ionotropic receptors in the brain. 

We have shown that rats divided into HR and LR 
groups based on their responses in the open field have 
differing K+-stimulated p-nitrophenylphosphase hippo- 
campal activity [23]. This activity involves the reaction 
to the dephosphorylation of phosphorylated Na+,K+/AT-
Pase, which is responsible for maintaining and restoring 
the higher extracellular Na+ and intracellular K+ levels, 
that are necessary for action potential generation [24-26]. 
The low rearing group has a lower enzymatic activity in 
the hippocampus, which is an indication of a difference 
in brain excitability between the groups [23]. A recent 
study involving extra- and intra-cellular recordings on rat 
hippocampal slices showed a hyperexcitability induced 
by the partial inhibition of Na+,K+/ATPase with dihy-
droouabain, which induces interictal-like epileptiform 
bursting activity [27]. Moreover, the subsequent use of 
the GABAA receptor channel blocker, picrotoxin, in that 
study indicated that reduced GABAergic potentials and 

enhanced excitatory postsynaptic potentials and spike 
firing were the primary mechanisms underlying the hy-
perexcitability associated with impaired Na+,K+/ATPase 
activity [27]. Based on these data, the LR group rats 
would be expected to have a higher sus- ceptibility to 
convulsions. 

The main goal of this work was to determine whether 
rats designated as either HR or LR, based on their re- 
sponse in the open field, differed in the brain excitability 
controlled by the GABAA/allosteric benzodiazepine site 
receptor. We have included in this report other experi- 
ments which we think may be relevant to the differences 
of rearing in the rats. 

2. Methods 

2.1. Subjects 

Naïve adult (3 months old), outbred male Wistar rats 
from our own breeding colony were used in the experi- 
ments. After weaning at 21 days the rats were kept in 
polypropylene cages (60 × 50 × 22 cm, 5 - 6 rats/cage) in 
a room with a controlled temperature (22˚C ± 2˚C) and 
light-dark cycle (lights on from 7:00 a.m. to 7:00 p.m.). 
The rats had free access to water and Purina® chow pel- 
lets at all times. Routine food, water delivery and cage 
cleaning were the only manipulations until the rats were 
submitted to the experimental procedures. 

This work was approved by our institution ethics com- 
mittee on animal research (proc. # 0938/03). 

2.2. Open Field Test 

The open field apparatus used in this work has been de- 
scribed in detail previously [28]. Briefly, it consists of a 
round arena (80-cm diameter, 30-cm height) with the 
floor divided into three concentric circles and illuminated 
by six light bulbs (60 W each) positioned above the arena. 
The open field sessions for these experiments did not 
employ a sound stimulus. 

For each drug test a different set of rats was submitted 
to the open field test for selection of the HR and LR 
groups. On the day of the open field experiment the rats 
were removed from the stock room to another room near 
the open field. Each rat was carried in a small cage to the 
open field room and submitted to a 3-min session in the 
open field. The total number of rearings and ambulation 
(number of floor divisions crossed with the four paws) 
were scored. 

After the open field session, the rat was returned to its 
home cage, and the test apparatus was cleaned with di- 
luted ethanol before the next animal was tested. All open 
field tests were carried out between 1:00 and 5:00 p.m. to 
keep any possible circadian influences constant [28]. The 
rats remained for about 15 - 20 days in the stock room 
with no other disturbances but cage cleaning and water 
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and food delivery. 
To determine if rearing behavior in the open field has a 

normal distribution in rats, a large group of rats (N = 70) 
was statistically analyzed. The statistical analysis show- 
ed that rearing indeed has a normal distribution and was 
able to pass the normality test (p = 0.05). The mean ± 
S.E.M. was 24.0 ± 1.0 and the median was 25 rearings 
(25th percentile = 18 rearings and 75th percentile = 30 
rearings). Rats showing ≤18 rearings were assigned to 
the LR group and those showing showing ≥30 rearings 
were assigned to the HR group. 

2.3. Drug Administration 

After a 20-day rest period following the group assign- 
ments, different groups of the HR and LR rats were 
challenged with one of several different drugs. At least 
three different doses were tested for each drug. The rats 
(8 - 10 rats/group/dose, except the LR group injected 
with 3-MP for which 5 - 6 rats/dose were used) were 
moved to a quiet room to prevent any unnecessary dis- 
turbances. After weighing and drug injection, the rats 
were observed in wired cages (one rat/cage) for 45 min 
to monitor for the appearance of clonic convulsions and 
other convulsive symptoms. All drug test sessions were 
carried out during the afternoon (1:00 to 5:00 p.m.) to 
avoid possible circadian influences [28]. Each rat re- 
ceived only one dose of each drug tested. To avoid dif-
ferences in rearing the HR and LR rats were randomly 
assigned to each dose of the convulsant drug being tested. 
The convulsant dose that produced 50% of full clonic 
convulsions in the HR and LR groups was calculated 
using the method described by Litchfield and Wilcoxon 
[29]. Each convulsant dose 50% (mg/kg body weight) is 
presented with its 19/20 upper and lower confidence lim- 
its. 

2.4. Hypnotic Sensitivity 

Other groups of the HR (32.2 ± 0.6 rearings, mean ± 
S.E.M., N = 9) and LR (13.5 ± 0.7 rearings, mean ± 
S.E.M., N = 13) rats were injected with diazepam (8 
mg/kg, i.p.), and the sleep time which was defined as the 
the time interval between the loss and recovery of the 
righting reflex was scored [30]. Following the intraperi- 
toneal injection of Diazepam the rats becoming ataxic 
were placed on their backs and those failing to right 
themselves three times in 20 seconds were considered to 
be asleep. When the rats were able to right themselves 
three times in 20 seconds, the measure of hypnotic effect 
was over. 

2.5. Influence of Stress on Rearing Behavior 

The illuminated open field apparatus used in our study 

can be considered a stressful stimulation. Therefore, dif- 
ferences in the stress reaction between individuals could 
influence the appearance of rearings and thus the differ- 
ence in the frequency of rearing between the HR and LR 
groups. To determine whether different levels of stress 
would have an effect on the rearing behavior, two groups 
of naïve rats were submitted to a 3-min session in the 
open field; one group with only the artificial illumination 
of the room on (three 40-W fluorescent lamps fixed to 
the ceiling) and the other with the open field illumination 
on (six 60-W light bulbs) plus the artificial illumination 
of the room. 

2.6. Effects of Open Field Re-Test on HR and LR 
Groups 

To determine the stability of the differences in rearing 
behavior between the HR and LR groups, HR (33.6 ± 1.3 
rearings, mean ± S.E.M., N = 10) and LR (14.7 ± 1.3 
rearings, mean ± S.E.M., N = 7) rats were re-submitted to 
another open field session 15 days after the initial open 
field selection session. 

2.7. Influence of Stress Hormones (ACTH and 
Corticosterone) on Rearing Behavior 

Differences in the basal levels of stress hormones could 
account for behavioral differences due to the effects of 
the hormone in the brain [31]. The plasma ACTH and 
serum corticosterone levels were measured in the HR and 
LR rats to determine if the levels of these stress hor- 
mones differed between the two groups. The rats from 
these HR and LR groups were not submitted to any other 
treatment except to the initial open field test selection 
session. During a 20-day rest period, after the open field 
session, the rats were not habituated to the handling nec- 
essary to sacrifice the animals; therefore, the stress hor- 
mones levels were measured in a situation where the 
handling necessary to sacrifice the rats was the only 
stimulus. Each rat was individually moved to another 
room (one HR rat followed by one LR rat) and rapidly 
guillotined and the trunk blood was collected. Plasma 
ACTH was assayed by a sequential chemiluminescence 
immunometric method using a monoclonal murine anti- 
body specific for ACTH (DPC Immulite, Los Angeles, 
CA, USA) and serum corticosterone was assayed by a 
double antibody RIA method using a commercial kit 
specific for rats and mice (ICN Biomedicals, Costa Mesa, 
CA, USA). Both methods have been previously used in 
our laboratory [32,33]. 

2.8. [3H]-Flunitrazepam ([3H]-FNT) Binding 

HR and LR rats were guillotined followed by the rapid 
excision of their brains. The hippocampus was dissected 
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while keeping the brains on a cooled Petri dish placed on 
crushed ice. The hippocampi were kept frozen (–20˚C) 
until the preparation of the homogenates. 

The homogenates were prepared in a glass tube in cold 
sucrose (0.32 M, pH 7.4) using a Teflon® pestle driven 
by an electric motor. The homogenates were centrifuged 
at 900 x g for 10 min at 4˚C. The supernatants were col- 
lected and centrifuged at 30,000 x g for 30 min at 4˚C. 
The pellets were resuspended in Tris/HCl buffer (50 mM, 
pH 7.4). After another centrifugation at 30,000 x g, the 
supernatants were discarded, and the pellets were kept 
frozen (–20˚C) until the binding assay. 

For the binding assay the pellets were resuspended in 
cold Tris/HCl buffer (100 mM, pH 7.7) and the density 
of [3H]-FNT (70 - 87 Ci/mmol, PerkinElmer Life and 
Analytical Science) was determined as previously de- 
scribed [34]. Briefly, the total binding assay was carried 
out in a total volume of 150 µl in the presence of 
[3H]-FNT (1.4 or 3.6 nM) and nonspecific binding was 
determined in the presence of cold DMCM (7.5 µM). 
The samples were incubated for 30 min at 0˚C - 4˚C. The 
incubation was terminated by rapid vacuum filtration 
using Whatman GF/B filters. Specific binding was ob- 
tained by subtracting the nonspecific binding from total 
binding. 

The results of the binding assays are expressed as fmol 
of [3H]-FNT bound/mg protein. The proteins were as-
sayed according to Lowry et al. [35] using bovine serum 
albumin as the standard. 

2.9. Drugs 

The following convulsant drugs were used in this study: 
bicuculline (BIC) (subcutaneously [s.c.]), a GABAA re- 
ceptor antagonist; picrotoxin (PIC) (intraperitoneally [i.p.]) 
and pentylenetetrazol (PTZ) (i.p. or s.c.), both GABAA 
receptor chloride channel blockers; 
methyl-6,7-dimethoxy-4-ethyl-b-carboline-3-carboxamide 
(DMCM) (i.p.), a benzodiazepine inverse agonist [15,36, 
37] and 3-mercaptopropionic acid (3-MP) (i.p.), a gluta-
mate decarboxylase competitive inhibitor [20]. 3-MP and 
PTZ were diluted in saline, PIC was diluted in warmed 
saline, and BIC and DMCM were first dissolved in a few 
drops of 1N HCl and then diluted in saline. The drugs 
were injected in a volume of 0.1 ml/100g body weight. 
All convulsant drugs were obtained from Sigma Chemi-
cal Company. Diazepam (Valium®) was obtained com-
mercially. 

2.10. Statistics 

The open field measures were analyzed using the Mann- 
Whitney U test. Sleeping-time, [3H]-FNT binding, ACTH 
levels and corticosterone levels were analyzed using the 
unpaired Student’s t test. The level of significance for 

two-tailed analyses was set at p ≤ 0.05. Convulsant doses 
50% were calculated and compared according to Litch-
field and Wilcoxon [29]. 

3. Results 

3.1. Selection of HR and LR Groups in the Open 
Field 

The means ± S.E.M. of the rearings in the naïve, outbred, 
strain of Wistar rats (Total) used to select HR and LR 
rats and the means ± S.E.M. of the rearings in selected 
HR and LR groups of rats are given in Table 1. The 
number of rearings did not vary significantly between 
several litters that were tested during different months of 
the year. In addition, the different HR and LR groups 
consistently showed comparable numbers of rearings 
during the open field selection sessions (p < 0.001, two- 
tailed, Mann-Whitney U test). In some HR and LR sub- 
groups the HR subgroup of rats ambulated significantly 
more than the LR rats (Table 1). 

3.2. Susceptibility to Clonic Convulsions in HR 
and LR Rats 

The convulsant dose 50% for the clonic convulsions pro- 
duced by each of the convulsant drugs is shown in Fig-
ure 1 and Table 2. The HR and LR rats differed in the 
susceptibility to clonic convulsions induced by DMCM, 
with LR rats requiring a significantly lower convulsant 
dose 50% than HR rats, (potency ratio = 1.24 [1.12 - 
1.36], p < 0.05, Figure 1). In contrast, the DMCM con-
vulsant dose 50% required to induce tonic convulsions 
was not different between the HR (CD50 0.88 mg/kg 
[0.81 - 0.96] ± 19/20 confidence limits) and LR (CD50 
0.86 mg/kg [0.77 - 0.96]) rats. 

There were no significant differences between the HR 
and LR groups with respect to the induction of clonic 
convulsions for any of the other convulsant drugs tested 
(Table 2). 

3.3. Loss of Righting Reflex in the HR and LR 
Rats 

Diazepam induced a significantly longer sleeping time in 
LR rats (Figure 2) (t = 2.150, df = 20, p = 0.04, two- 
tailed, unpaired Student’s t test). 

3.4. Stress Levels and Rearing 

The number of rearings was not influenced by different 
stimulation levels in the open field test (Table 3). There 
were no differences in the number of rearings performed 
by the rats tested with the open field lights on and by the 
rats tested with the open field lights off (p > 0.05, two- 
tailed, Mann-Whitney U test). Moreover, the mean num- 

er of rearings obtained in either situation (lights on and b 
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Table 1. Selection of high- (HR) and low-rearing (LR) rats in the open field test. 

Rearings 

 DMCM (i.p.) 3-MP (i.p.) PTZ (s.c.) PTZ (i.p.) PIC (i.p.) BIC (s.c.) 

HR 32.9 ± 1.2 35.5 ± 0.9 37.5 ± 1.5 34.5 ± 1.1 34.6 ± 1.0 33.6 ± 0.8 

 (35) (31) (25) (35) (31) (35) 

LR 14.7 ± 0.8d 15.4 ± 0.7d 13.5 ± 0.7d 13.6 ± 0.7d 17.9 ± 0.5d 15.4 ± 0.6d 

 (29) (17) (17) (35) (37) (29) 

Total 24.4 ± 0.9 26.8 ± 1.0 23.6 ± 1.2 24.0 ± 1.0 23.9 ± 0.9 24.8 ± 0.9 

 (100) (70) (85) (96) (101) (94) 

Ambulation 

HR 72.4 ± 3.8 72.3 ± 4.1 65.7 ± 3.2 68.3 ± 2.7 70.4 ± 3.0 73.0 ± 2.8 

LR 61.5 ± 3.8c 61.4 ± 5.9 56.2 ± 4.3a 59.7 ± 3.0b 62.8 ± 3.2 74.9 ± 4.1 

Total 7.3 2.0 51.7 2.6 59.9 2.1 65.1 1.8 67.2 1.9 72.0 2.0 

 (100) (70) (85) (96) (101) (94) 

The values are expressed as the means ± S.E.M. Total (N) number of rats used to select the HR and LR rats for each convulsant drug experiment. (n) number of rats 
used in each experiment. DMCM: methyl-6,7-dimethoxy-4-ethyl-b-carboline-3-carboxamide; 3-MP: 3-mercaptopropionic acid; BIC: bicuculline; PIC: picrotoxin; 
PTZ: pentylenetetrazol. s.c.: subcutaneous, i.p.: intraperitoneal. (a) p = 0.03; (b) p = 0.04; (c) p = 0.05; (d) p = 0.001. 
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Figure 1. Convulsant dose 50% (19/20 confidence limits) for clonic and tonic convulsions induced by DMCM in high- (HR) 
and low-rearing (LR) rats. The HR and LR rats were injected with DMCM intraperitoneally (8 - 10 rats/dose/group, N = 35 
for HR rats and N = 29 for LR rats). Each rat was injected with DMCM only once. The convulsant dose 50% calculated and 
compared according to Litchfield and Wilcoxon [35]. *p = 0.05. 
 
Table 2. Convulsant dose 50% for clonic convulsions induced by drugs that decrease GABAergic neurotransmission in high- 
(HR) and low-rearing (LR) rats. 

Drugs 

Group 3-MP PTZ (s.c.) PTZ (i.p.) PIC BIC 

17.5 40.0 29.0 3.0 1.9 
HR 

(15.2 - 20.1) (38.0 - 42.0) (26.0 - 32.0) (2.6 - 3.5) (1.7 - 2.1) 

17.0 40.0 28.0 3.2 2.1 
LR 

(15.1 - 19.0) (36.7 - 43.6) (25.0 - 31.0) (2.7 - 3.8) (1.9 - 2.2) 

3-MP: 3-mercaptopropionic acid; PTZ: pentylenetetrazol; PIC: picrotoxin; BIC: bicuculline; s.c.: subcutaneous; i.p.: intraperitoneal. PIC and 3-MP were ad-
ministered i.p. and BIC s.c. For each drug and rat group at least three doses of each drug were tested (8 - 12 rats/dose/group, except for LR subgroup injected 
with 3-MP, which was 5 - 6 rats/dose). Each rat was injected with only one dose of the convulsant drug tested. Numbers in the Table represent the convulsant 
dose 50% (19/20 confidence limits). 
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Figure 2. Hypnotic effect (sleeping time) induced by diazepam (8 mg/kg, i.p.) in the high- (HR) and low-rearing (LR) rat 
groups. Sleeping time was scored as the time interval between the loss and recovery of the righting reflex. N = 9 for the HR 
and N = 13 for the LR group. *p = 0.04, two-tailed, unpaired Student’s t test. 
 
Table 3. Behavior of rats submitted to the open field test 
under two different levels of stimulation. 

Group Rearings Ambulation 

Lights on 24.8 ± 2.9 74.5 ± 9.1 

Lights off 24.6 ± 2.4 53.6 ± 4.6* 

The values are expressed as the means ± S.E.M. N = 12 for each group. 
“Lights off” represents the exposure to only the room illumination and 
“Lights on” represents the exposure to illumination from six 60 W light 
bulbs located above the arena plus the room illumination. *p = 0.02, 
two-tailed, Mann-Whitney U test. 

 
off) was the same as those observed in the population 
means obtained in other selections that had been per- 
formed (Table 1). The rats tested with the open field 
lights on ambulated more (p = 0.02, two-tailed, Mann- 
Whitney U test) than those tested with the open field 
lights off. Although the number of rats used in this ex- 
periment was small, the number of rats designated as HR 
and as LR under the two levels of stimuli did not differ 
significantly (open field lights on: HR = 4/12 [33.3%], 
LR = 3/12 [25%]; open field lights off: HR = 4/12 
[33.3%], LR = 3/12 [25%]). 

3.5. Effects of Open Field Re-Test on HR and LR 
Groups 

The difference in the frequency of rearings between the 
HR and LR groups remained significant in the re-test 

session (p = 0.0002, two-tailed, Mann-Whitney U test) 
(Table 4). A significant decrease in the rearing frequency 
was observed in the LR rats when comparing the test and 
re-test sessions (HR/test versus re-test, p = 0.084, two-tailed; 
LR/test versus re-test, p = 0.01, two-tailed, Wilcoxon 
signed rank test). Linear regression and correlation statis-
tical analyses of the rearing frequency showed a signifi-
cant correlation between the numbers of rearings in the 
test and re-test sessions (p < 0.0001). There were no sig-
nificant differences in the amount of ambulation between 
the HR and LR groups in the test session (p = 0.070, 
two-tailed, Mann-Whitney U test) or in the re-test session 
(p = 0.13, two-tailed, Mann-Whitney U test). 

3.6. Plasma ACTH and Serum Corticosterone 
Levels in HR and LR Rats 

The number of rearings of the HR and LR groups of rats 
used to determine hormones levels were: HR group = 
37.4 ± 2.0 rearings, mean ± S.E.M, N = 8 and LR group = 
12.0 ± 1.4 rearings for the ACTH assay. HR group = 33.3 ± 
2.0 rearings, N = 10 and LR group = 13.7 ± 1.4, N = 10 
for the corticosterone assay. 

The plasma ACTH (HR group: 12.5 ± 1.8 pg/mL, 
mean ± S.E.M., N = 8; LR group: 18.4 ± 3.1, N = 8; t = 
0.50, df = 14, p > 0.05) and serum corticosterone (HR 
group: 166.6 ± 36.8 ng/mL, mean ± S.E.M., N = 10; LR 
group 137.9 ± 25.1, N = 10; t = 0.64, df = 18, p > 0.05) 
levels did not differ between the rat groups. 
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Table 4. Rearing frequency of high- (HR) and low-rearing 
(LR) rats during the initial open field selection session (test) 
and a follow-up open field session (re-test). 

Groups Test Re-test 

 Rearings Ambulation Rearings Ambulation

HR 
33.6 ± 1.3  
(N = 10) 

75.1 ± 6.7 27.8 ± 3.0 51.6 ± 7.9 

LR 
14.7 ± 1.3  

(N = 7) 
65.2 ± 3.9 9.0 ± 2.1 46.7 ± 10.9

The values are expressed as the means ± S.E.M. The HR and LR rats were 
re-exposed to the open field 15 days after the open field selection session. 
test session: HR versus LR, p < 0.0001, re-test session: HR versus LR, p = 
0.0002, two-tailed, Mann-Whitney U test. LR group: test versus re-test 
session: p = 0.01, Wilcoxon signed rank test. 

3.7. [3H]-Flunitrazepam Binding Assay 

There was a statistically significant lower density of 
[3H]-FNT bound to the GABAA receptor in the hippo- 
campus of the LR rats than in the HR rats at both ligand 
concentrations that were assayed (p = 0.01, two-tailed, 
Student’s t test) (Figure 3). 

4. Discussion 

The frequency of rearings in the open field test in our 
outbred stock of Wistar rats showed a statistically normal 
distribution. Moreover, the average number of rearings in 
the population was highly reproducible, as shown by the 
results of several independent selection tests using rats 
from different litters and tested at different times of the 
year. The difference in the mean number of rearings be- 
tween the HR and LR groups was also very consistent 
throughout these independent selection trials (Table 1). 
This consistency is important because each drug was 
tested on HR and LR groups derived from different litters 
and during different months of the year. 

The difference in the frequency of rearings between 
the HR and LR rats in the test/re-test open field sessions 
remained significant, indicating that rearing can be con- 
sidered a phenotype. The number of rearings decreased 
in both the HR and LR groups when comparing test ver- 
sus re-test open field sessions. This decrease is expected 
because re-exposure to the same level of stimulation 
would not have the same intensity (i.e. the novelty was 
not the same as in the test session). 

In mouse strains genetically selected for different rear- 
ing behavior in the open field, there was a positive cor- 
relation between ambulation and the number of rearings 
[3]. Borta and Schwarting [38] have also found out a 
positive relationship between the total number of rearings 
and locomotion in their selected groups of rats. A similar 
relationship was not observed in all the HR and LR 
groups selected in our experiments (Table 1). The lack 
of a difference in locomotion between some of the HR 
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Figure 3. [3H]-Flunitrazepam bound at two concentrations 
(1.4 and 3.6 nM) to hippocampal membranes from high- 
(HR) and low-rearing (LR) groups of rats selected in the 
open field test. HR group = 37.7 ± 2.8 rearings, mean ± 
S.E.M., N = 7 and LR group = 13.3 ± 1.4 rearings, N = 8 at 
1.4 nM. HR group = 32.2 ± 0.7 rearings, N = 7 for the HR 
and LR group = 13.0 ± 1.1, N = 9 at 3.6 nM. *p = 0.01, 
two-tailed, unpaired Student’s t test. 
 
and LR groups in the present experiment was probably 
detected because these rats were tested at different times 
of the year, which suggests that differences in locomo- 
tion between HR and LR rearing individuals may depend 
on the time of year. These differences may also indicate a 
distinct neural basis for locomotion. 

Of all the convulsant drugs tested only DMCM, a ben- 
zodiazepine inverse agonist [15,19,36,37], induced dif-
ferential clonic convulsions between the HR and LR 
groups. The lower convulsant dose 50% obtained in the 
LR rats indicates a higher susceptibility to the drug 
compared with that of the HR rats. The convulsant dose 
50% for DMCM obtained herein is in accordance with a 
previously convulsant dose 50% for clonic convulsions 
obtained in inbred male Wistar rats [19]. The higher sus-
ceptibility to clonic convulsions induced by DMCM and 
the longer sleeping time induced by diazepam (Figure 2) 
observed in the LR group suggest differences from the 
HR rats with respect to the benzodiazepine allosteric site 
in the GABAA receptor. 

The present study showed that HR rats have a higher 
density of benzodiazepine binding sites in the hippo- 
campus, as measured by [3H]-FNT binding to the GABAA 
receptor (Figure 3). The higher density of the benzodia- 
zepine binding sites in the hippocampus of the HR group 
may explain their lower sensitivity to DMCM-induced 
clonic convulsion (higher convulsant dose 50%). The 
higher density of hippocampal benzodiazepine binding 
sites in the HR rats may require a higher concentration of 
DMCM at the receptors to decrease the inhibitory effect 
of GABA. 

The hippocampus does not seem to be involved in the 
sleep induced by diazepam. Therefore, the difference in 
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the density of hippocampal [3H]-FNT binding between 
the HR and LR groups may not be involved in the longer 
sleeping time induced by diazepam in the LR rats. Other 
brain regions involved in the triggering and maintenance 
of sleep should be studied to determine possible differ- 
ences between the two groups with respect to the density 
of benzodiazepine binding sites. 

Chronic exposure to stress levels of corticosterone has 
been shown to alter the mRNA expression levels of six 
subunits (α1, α2, β1, β2, β3 and γ2) of the GABAA receptor 
in regions of the rat hippocampus [39]. The expression 
changes involved both increases and decreases depend-
ing on the hippocampal region and particular subunit. 
Additionally, long-term adrenalectomy has been shown 
to decrease the number of rearings in the open field in 
rats [40]. Therefore, these data suggest that a difference 
in corticosterone levels between the HR and LR groups 
could underlie their behavioral differences. The lack of 
differences in the plasma ACTH and serum corticoster-
one levels between the HR and LR groups, however does 
not support the involvement of these hormones in the 
difference in rearing behavior or in the susceptibility to 
the clonic convulsions induced by DMCM. Naive rats 
submitted to different levels of stimulation in the open 
field test did not differ in the number of rearings. Ac-
cordingly, the number of HR and LR rearing individuals 
under both levels of stimulation was not different. 
Therefore, these behavioral and hormonal data rule out 
an influence of the reaction to stress and stress hormone 
on the differences in the rearing frequency between the 
selected groups. 

The GABAA receptor most typically comprises an as- 
sembly of five proteins subunits, two α two β and one γ 
subunit [16,17]. These subunits have different isoforms 
(α1-6, β1-3 and γ1-3) which allows the assembly of multiple 
receptors with different compositions [41]. Benzodi- 
azepine agonists and inverse agonists have been shown 
to bind to the interface of α and γ subunits [16,17]. Al- 
though there is a great complexity in the distribution and 
composition of the GABAA receptor throughout brain 
regions most of the GABAA receptors contain the α1 
subunit [16]. The benzodiazepine inverse agonist DMCM 
can be anxiogenic [42,43] or a very potent convulsant 
agent [18,19,21,23] depending on the dose given. The 
drug binds to brain membranes with high affinity, and 
these brain sites are distributed unevenly within brain 
regions. The hippocampus and frontal cortex contain the 
highest specific binding [36]. The mechanism of action 
of DMCM involves a decrease of GABAA chloride 
channel opening frequency, which is opposite the agonist 
mechanism of action [15]. DMCM has a higher affinity 
for α1β2γ2 GABAA receptors [44,45] when compared with 
other α subunits [46] and acts as an inverse agonist, de- 
creasing the GABA response at α1β2γ2 GABAA receptors 

[44,47,48]. GABAA receptors containing the α1 subunit 
have been related to the anticonvulsant and sedative ef- 
fects of benzodiazepines agonists [17,49]; moreover, 
DMCM lacks its convulsant effect in knock-in mice con 
taining point-mutated α1(H101R)-GABAA receptors [44]. 
Both diazepam, a full benzodiazepine agonist for all 
GABAA receptors, and zolpidem, an agonist with a 
higher affinity for GABAA receptors containing the α1 
subunit [50], at dose of 2.5 mg/kg, decrease the duration 
of rearings both at and off the wall in the open field test 
[9]. These data suggest a preeminent role of the α1-con-
taining GABAA receptor in rearing behavior. Therefore, 
our present data suggest that GABAA receptors contain-
ing the α1 subunit are involved in the inter-individual 
differences in rearing behavior. 

According to Ableitner and Herz [51], the intrave- 
nously administration of DMCM to rats elicits seizures 
very similar to those elicited by electrical kindling of 
limbic structures, which includes forelimb clonus and 
rearing. The same study demonstrated that DMCM in- 
duced an increase in the local cerebral glucose utilization 
(LCGU) in several brain structures, including those be- 
longing to the limbic system, such as the hippocampus. A 
comparison of the effects of FG 7142, a proconvulsant 
benzodiazepine inverse agonist that does not increase 
hippocampal LCGU, with those of DMCM suggests that 
the hippocampus may be of major importance for the 
initiation of seizures induced by DMCM [51]. In addition, 
novelty has been shown to be related to the induction of 
hippocampal long-term depression [52] and neurogenesis 
[53]. Therefore, a straight relationship among hippo- 
campal GABAA/allosteric benzodiazepine site receptors, 
clonic convulsion and rearing behavior is supported by 
the above data, our previous observations with respect to 
the activity of K+-stimulated p-nitrophenylphosphatase in 
the hippocampus [23] and the pharmacological and bio- 
chemical differences observed between the HR and LR 
groups in this study. 

The lack of differences between HR and LR rats with 
respect to the susceptibility to clonic convulsions induced 
by the other convulsant drugs tested indicated that the 
activity of glutamate decarboxylase as well as the GABA 
and chloride channel binding sites in the GABAA recap- 
tor do not differ between these two groups. Tonic con- 
vulsions are generated in the brainstem [54]. The lack of 
differences between HR and LR groups with respect to 
the susceptibility to DMCM-induced tonic convulsions 
suggests that differences in the GABAA receptor between 
the two groups are not found in the brainstem. 

5. Conclusion 

In conclusion, the data obtained in this study suggest that 
the differences in rearing behavior induced by novelty 
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are related to differences in the hippocampal allosteric 
benzodiazepine site in the GABAA receptor. Further 
work is needed to determine possible differences in the 
GABAA receptor assembly between the groups of HR 
and LR rats. 
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