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Abstract

The influence of y-aminobutyric type-A (GABAa) receptors agonist (muscimol hydrobromide, 0.1
ug/0.5 pl) injections into the right or left basolateral amygdala (BLA) on the behavior of high-an-
xiety (HA) and low-anxiety (LA) rats subjected to the elevated plus-maze (EPM) test was investi-
gated. Anxiolytic-like effects (increase of open-arm entries and open-arm time) was revealed only
after administration of muscimol into the left (but not right) amygdala of HA animals. No effect
was observed upon administration of muscimol to LA rats. These findings suggest an important
role in anxiety regulation of the amygdalar GABA levels, and the assumed GABA hemispheric late-
ralization.
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1. Introduction

Anxiety is an emotional state accompanied by anticipation of a potential threat. The underlying mobilization of
the organisms’ reserves is of adaptive value. In addition to the anxiety as a state, the trait anxiety is observed in
humans as stable characteristics of an individual [1] [2]. J. Gray referred to anxiety, together with impulsiveness,
as to one of the most important features of a personality and thought that it reflected inter-individual differences
in reactivity of the behavioral inhibition system [3]. Other authors also view anxiety as one of the major charac-
teristics of individual behavior of animals [4]. Analysis of populations of various species reveals specimen with
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high- and low-anxiety levels, what allow to genetically breed lines of animals with different levels of anxiety [1]
[5]-[7]. Study of the neurotransmitter mechanisms determining the high and low level of anxiety in animals and
man is an important and incompletely understood problem. Investigation of the mechanisms is especially im-
portant for medicine, since man can develop pathological anxiety, including various anxiety disorders, such as
panic attacks, phobia, generalized anxiety, etc. [8]. The possibility of the development and efficiency of treat-
ment of anxiety disorders, as well as the effect of some anxiolytic agents, are known to be individual [9]-[12].
Moreover, animals with distinct coping strategies in negative situations show different vulnerability to alcohol
and drug addiction, susceptibility to immunopathological diseases [13]-[15].

Today, convincing data have been accumulated in the literature proving that one of the key structures in-
volved in rise and regulation of anxiety and fear is the amygdala [16] [17]. In humans, electrical stimulation of
amygdala leads to feelings of fear and anxiety [18]. In animals, lesions or deactivation of this structure have
been associated with deficit in freezing to conditioned stimulus and impairing unconditioned freezing [19]. It is
proposed that basolateral (BLA) nuclei serves as a major integrator and relay center for the sensory information
necessary for anxiety, whereas the central (CeA) is the main output for the autonomic and somatic components
of fear reaction through major projections to other limbic regions [17] [20] [21]. Furthemore, there are data that
animals with individual differences in coping have different level of amygdala activation as well as differ in the
morphology of amygdala neurons [22]-[24]. Numerous data evidence the lateralization of the amygdala upon
various emotional states in both animals and men [25]-[27].

A number of researches have provided evidence for an important role of GABAergic neurotransmission in the
amygdala in modulating anxiety-related behaviors. For example, local injection of a specific GABA, receptor
agonist muscimol in amygdala has been shown to result in the decrease of anxiety whereas injection of a specif-
ic GABA, receptor antagonist increases of anxiety in the elevated plus-maze and social interactions tests [28]
[29]. Moreover, we have previously found that the right or left intra-amygdala infusions of the GABA agonist
and antagonist, differentially affect behavior of active or passive rabbits [30]. Based on the analysis of literature
data, as well as our previous findings, we hypothesize that the level of GABA and, probably, its difference be-
tween the right and the left amygdala, may determine the differences in the anxiety levels in animals. The aim of
the work is to study the role of amygdalar GABA in regulation of anxiety behavior in rats with high- and
low-anxiety levels. Thus, the tasks of the work include: 1) discrimination of the high- and low-anxiety animals
and analysis of their behavior; 2) comparison of the effect of local unilateral injection of a selective GABA re-
ceptor agonist muscimol hydrobromide into amygdala on the behavior of high- and low-anxiety rats in the ele-
vated plus-maze and; 3) comparison of the efficiency of injections into the right or left amygdala.

2. Experimental Procedures
2.1. Animals

Fifty male Wistar rats (350 - 450 g) were obtained from the campus of Biomedical Technology Scientific Centre
of RAMS. Rats were housed in a temperature controlled vivarium (22°C £ 2°C) under a 12-h light/dark cycle
(lights on at 08.00 h) with food and water ad libitum. Animals were kept 5 per cage before surgery and indivi-
dually, after cannula implantation. Rats were handled for about 3 min each day prior to behavioral testing. All
experimental procedures were conducted in accordance with the European Communities Council Directive of 24
November 1986 (86/609/EEC) on the protection of animals used for scientific purposes. The study was ap-
proved by the Ethics Committee of the Institute of Higher Nervous Activity and Neurophysiology of RAS.
Enough animals were used to ensure reliability of the result, and every effort was made to minimize animal suf-
fering.

2.2. Behavioral Testing

Behavior of the rats was tested in the elevated plus-maze, one of the most widely used experimental models for
anxiety studies [31]-[33]. The plus-maze was constructed from black-colored wood and consisted of two oppos-
ing open arms (10 x 50 cm each, with 2-mm rims) perpendicular to two opposing closed arms (10 x 50 cm each,
with 40-cm side walls), all joined the central area measuring 10 x 10 cm. The closed arms had no end walls. The
maze was elevated to a height of 50 cm from the floor. Each rat was placed in the middle of the central area fac-
ing the open arm and allowed 5 min of free exploration. The behavioral parameters were scored as follows:
number of open arm entries, open arm time, distance moved, total duration of moving, velocity, number of left
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and right turns, number of centre crossing, number of rearings, number of head dipping, number of looking out
to open arms, number of fecal boli and urination acts, as well as the duration and number of grooming. Rats
were sorted by the number of entries in the open arms of the plus-maze, and split at the median into high-(HA)
(n = 29; number of entries 0 or 1) and low-anxiety (LA) (n = 21; number of entries >1) groups.

An “EthoVision 3.1” (Noldus Information Technology b.v., 2003) integrated system was used for automatic
recording and analysis of movement and behavior. Additionally, behavior in the maze was recorded by a video
camera linked to a monitor.

2.3. Stereotaxic Surgery and Microinjections

About 4 - 5 weeks after the first (trial 1) exposure to the elevated plus-maze, 27 animals (HA, n = 15; LA, n =
12) were anesthetized intraperitoneally with chloral hydrate (400 mg/kg), and restrained in a stereotaxis, and the
incisor bar was adjusted so that the heights of lambda and bregma were equal. The stainless steel guide cannula
(23 gauge) with injection cannula (30 gauge, dental needle, Ni-pro) were implanted bilaterally in basolateral
amygdala according to Paxinos and Watson [34]. Stereotaxic coordinates for cannula placement were: —2.8 mm
posterior to bregma, + 4.8 mm lateral to the sagittal suture, and 8.5 mm ventral to bregma. The guide cannula
was fixed to the skull with acrylic dental plastic. The injection cannula was taken out and dummy cannula (30
gauge, dental needle, Ni-pro) was inserted in the guides to prevent contamination. After the surgery, animals
were singly housed and allowed 1 week to recover from the surgery before the experiments.

For microinfusion, the dummy cannula was removed from the guide cannula, and a 30 gauge injection cannula,
extending 1.0 mm from the tip of the guide cannula, was inserted. The injection cannula was connected with po-
lyethylene tubing to a 10-pl Hamilton syringe. Muscimol hydrobromid (SIGMA) was dissolved in 0.9% saline.
Mean muscimol dose leading to anxiolytic-like effect was based on the literature data [28]. Muscimol (0.1 pg/0.5
pl, SIGMA) or saline (control, 0.5 pl) was injected into the right or left basolateral amygdala of HA and LA rats
over 2 min. The displacement of an air bubble inside the polyethylene tubing was used to monitor the microinjec-
tion. After infusion, the cannula was left in place for an additional minute to allow diffusion of the solution and to
reduce the possibility of reflux. Rats were tested in the elevated plus-maze 10 min after the injections.

Each animal received both muscimol and saline. Each rat was tested in the EPM four times (trial 2, 3, 4 and 5)
under treatment conditions with inter-trial interval of at least 48 hours. Trials with injection of muscimol and sa-
line in the left or right amygdala interchanged. Thus, some animals received saline before the trial 2 or 4, others
before the trial 3 or 5 on EPM. For some animals injections started with the right BLA, for others with left BLA.

Ten control/non-surgerized HA and LA rats were tested in the EPM four times (trial 1, 2, 3 and 4) without
any treatment with inter-trial interval of 48 h to replicate experimental conditions used in the drug study.

2.4. Histology

Upon the completion of the behavioral experiments, animals were deeply anaesthetized with intraperitoneal
overdose of chloral hydrate (1000 mg/kg). The animals were decapitated 10 - 20 min after the injection, brains
were removed and maintained in 10% formalin solution for 2 - 3 days. Serial 180 um coronal brain sections
were cut with a freezing microtome. Cannulae placements were reconstructed on stereotaxic atlas templates
from Paxinos and Watson [34].

2.5. Data Analysis

Statistical analysis was performed using Statistica 8.0 (StatSoft). The data are presented as means + SEM.
One-way ANOVA was used to analyze the compared groups for various behavioral measures taken from the
plus-maze during the first trial without any injections. Factorial ANOVA was used to assess the effects of mus-
cimol injected into left or right basolateral amygdala on the behavior of HA and LA rats in EPM as well as to
analyze the behavior of rats during repeated testing in EPM with/without the infusion of saline into the amyg-
dala. Significance of the differences in the ANOVA (p < 0.05) was assessed by Fisher LSD post hoc test.

3. Results
3.1. Selection of High-Anxiety (HA) and Low-Anxiety (LA) Animals

After the first EPM trial, 50 Wistar rats were sorted by the number of open arm entries and split at the median
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into HA (n = 29; number of entries 0 or 1) and LA (n = 21; number of entries >1) animals. Behavioral parame-
ters of high- and low-anxiety rats during the first trial on elevated plus-maze are shown in Table 1. LA rats
spent more time and entered more frequently in the open arms of the maze than HA rats (p < 0.05). Rate of
movement, distance moved, movement duration, number of center crossing, rearing, and head dipping were sig-
nificantly higher in LA than in HA rats (p < 0.05). Number of fecal boli in closed arms was lower in LA as
compared to HA animals (p < 0.05).

Thus, LA rats were showing lower anxiety, higher locomotor and exploration activity, but lower emotionality
than HA rats.

3.2. Localization of Cannulae Tips in the Amygdala

Histological examination confirmed that from the total of 54 cannulae (2 per rat) 35 were located in basolateral
amygdala (18 in HA (9 right/9 left) and 17 in LA (8 right/9 left) rats); 4, in central amygdala; 2, in basomedial
amygdala; 7, on the central/basolateral amygdala line; and 6, out of amygdala (Figure 1). Localization of the
cannulae tips had no significant differences in HA and LA rats. Only the data from 12 HA and 11 LA rats with
injection sites located inside the basolateral amygdala were included in the analysis.

3.3. The Behavior of Intact/Non-Operated Rats and Animals during Repeated Tests in
EPM upon Saline Injection in BLA

Taking into account that repeated testing on EPM altered baseline behavior [31], we carried out an analysis of
the behavior of intact/non-surgerized rats at four sequential trials on EPM. We have shown that the number of
entries and time spent in open arms decreased in LA rats at the second trial compared with the first; the values
for subsequent trials (3 and 4) remained the same as for the second trial (Figure 2, Control). No changes in the
behavior of HA animals were detected for trials 1 through 4. In another group (Saline) animals received saline

Table 1. Behavioral parameters of high- and low-anxiety rats in the first trial on elevated plus-maze.

Groups
Behavioral parameters
HAn=29 LAn=21 p
Number of open arm entries 0.52+0.15 2.85+0.18 “0.000
Anxiety )
Time spent in the open arms (s) 16.72+5.6 47.09 £ 6.58 0.001
Distance moved (cm) 890.44 + 46.53 1283.24 + 54.68 “0.000
Velocity (cm/s) 2.99+0.16 4.32+0.19 “0.000
Locomotor activity Movement duration (s) 157.11 £5.97 201.64+7.01 “0.000
Number of central platform crossing 4.24 £0.44 8.19+0.51 “0.000
Coefficient of motor asymmetry 0.02 +£0.09 0.03+0.11 0.952
Rearing 5.45+0.67 9.33+0.79 “0.001
Exploratory behavior/risk Head dipping 3.69+0.73 9.10 £ 0.85 0.000
assessment Looking out to open arms 6.90 + 0.87 9.05 +1.03 0.117
Duration of looking out to open arms (s) 29.69 + 3.80 35.45+4.46 0.331
Open arms 0.76 £ 0.49 0.33+0.36 0.485
Number of fecal boli per minute® )
Closed arms 0.26 +0.06 0.06 +0.07 0.029
Autonomic indices
Open arms 2.80+1.17 2.20+0.89 0.691
Number of urination acts per minute
Closed arms 0.20 £0.07 0.27 £0.08 0.502
Grooming 2.03+0.40 1.67+£0.47 0.551
Detour behavior
Grooming duration 31.32+6.64 1752+ 7.72 0.183

“p < 0.05, significant differences between HA and LA groups; n, number of rats per group. Data are mean + SEM. *Number of fecal boli and urination
acts per minute were calculated using the following formula: number of urination acts (fecal boli) in open (closed) arms/open (closed) arms time x 60.
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Figure 1. (a) Schematic diagram representing cannulae tips location according to the coordinates of Paxinos
and Watson [34]. R, right hemisphere; L, left hemisphere. The diamonds represent the location of cannula
tips in basolateral amygdala, circles, in the amygdala, but not the basolateral nucleus, and triangles, location
of cannulae tips outside the amygdala. Black figures represent the location of cannula tips in the brain of
low-anxiety rats (LA) and white, in the brain of high-anxiety rats (HA). BLA, BLP, BLV, anterior, posterior,
and ventral parts of basolateral amygdala, BMP, anterior and posterior parts of basomedial amygdala, CeC,
CeL, CeM, capsular, lateral, and medial parts of central amygdala. Dark area represents basolateral nucleus
of amygdala. AP indicates coordinates relative to bregma. (b) Representative photomicrograph of micro-
injections into the basolateral nucleus of the amygdala. CeA, BLA and LaA, central, basolateral and lateral
nuclei of the amygdala respectively. Scale bar represents 1000 pum.
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Figure 2. Behavioral parameters of HA and LA rats measured at sequential trials in the elevated plus-maze
(EPM). Control, intact non-operated rats; Saline, animals after the saline injection in BLA. Trial 1 in Saline,
first trial without saline injection. n, number of high-/low-anxiety rats in each trial. Data are presented as
mean + SEM. “p < 0.05, significant differences compared to first trial.
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starting with the 2nd trials. The reduction of open arm entries and open arm time in LA rats of saline group was
revealed at 2, 3, 4 and 5 trials compared with the first (without saline) (Figure 2, Saline). However, no differ-
ences were identified for trials 2 through 5. The number and duration of open arm entries, as well as distance
moved, were not changed in HA rats of saline group over trials 1 to 5. Thus, the analysis of the behavior of rats
during repeated testing in EPM with/without the infusion of saline into the amygdala showed that, starting with
the 2nd trials, the behavior of animals did not change significantly. These data afforded us not to take into ac-
count the number of trials in the EPM to determine the effect of muscimol compared with saline as well as not to
use control group with shame-surgerized rats.

3.4. Effects of Intra-BLA Injection of Muscimol on the Anxiety Behavior of HA and LA Rats

Figure 3 shows the effect of saline and muscimol injections on the behavior of LA and HA rats subjected to
EPM. Post hoc analysis showed that the increase of GABA transmission in the basolateral amygdala caused by
left-side muscimol injections (but not right-side) significantly increased the number of open arm entries (Fisher
LSD; p = 0.015) (Figure 3) and open arm time values (Fisher LSD; p = 0.001) (Figure 3) in HA, but not LA
rats. No significant change in the behavior of LA rats after injections of muscimol in either left or right BLA
was observed. Application of muscimol had no significant effect on locomotor (Figure 3) and exploratory activ-
ity, number of fecal boli, urination acts, grooming, as well as grooming duration, in both LA and HA rats (Fisher
LSD, p > 0.05). Thus, injection of muscimol in the left BLA (but not right) decreased anxiety behavior only in
HA rats.

4. Discussion

In the work, rats were split at the median into HA and LA groups based on the number of entries in the open
arms of the plus-maze. Statistical analysis of two groups for others behavioral measures taken from the
plus-maze during the first trial was revealed that LA rats were showing higher locomotor and exploration activ-
ity, but lower emotionality than HA rats. In support of our findings, it had been shown that rats with less anxious
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Figure 3. The effect of right or left intra-BLA microinjection of muscimol (Mus) or saline (Sal)
on the behavior of HA and LA rats in the elevated plus-maze. n, number of trials with muscimol
or saline in groups of high-/low-anxiety rats. Data are presented as mean + SEM. “p < 0.05,
significant differences saline injections (Sal).
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behavor in open field, light-dark test and elevated plus-maze were showing higher locomotor and exploration
activity, but lower emotionality compared to more anxious rats [1] [35].

Administration of muscimol increased the number of entries and time spent in the open arms of the EPM, in-
dicating that the drug showed anxiolytic-like behaviors without affecting locomotor activity. In agreement with
our data regarding anxiolytic effect of muscimol, it had been reported that intra-amygdala injection of the drug
increased the percentage of open arm time and open arm entries [28], decreased duration of tonic immobility in
guinea pigs [36] and produced anxiolytic-like effects in the social interaction test [29].

It is interesting to note that introduction of muscimol causes significant changes in the behavior of only
high-anxiety rats, producing no effects on the behavior of low-anxiety animals. There are data that systemic in-
jection of midazolam (a benzodiazepine that reinforces transmission at GABA 4 receptors) significantly enhances
the inhibition of an aversive context-induced freezing response observed during the extinction session only high
(HR) anxiety rats [37]. According to our hypothesis, the fact may be in connection with the differences in
GABA transmission in the amygdala between these two groups of animals. Probably, the lower level of GABA
transmission in the amygdala of high-anxiety rats is compensated for upon introduction of the GABA receptor
agonist muscimol, which results in statistically significant changes in the behavior of this group of animals. Our
hypothesis is in agreement with some literature facts. Mice deficient in GADG65 exhibits increased anxiety-like
responses in both the open field and elevated zero maze assays [38]. Rats with artificially elevated number of
GABAergic neurons are found to spend more time in the open arms of the elevated plus-maze [39]. The level of
GABA receptors containing a5 and y1 subsunits is lower in the central and medial amygdala of high anxiety-
related behavior (HAB) mice than in mice with normal anxiety-like behavior (NAB). Furthemore, marker for
neuronal activity (FosB) is increased in principal neuron of the basolateral amygdala of HAB mice, reflecting
activation of excitatory neurons [7]. Rats with low freezing response in the contextual fear test have higher
GABA concentration in the basolateral amygdala if compares to the rats with high freezing response in the con-
textual fear test [6].

In the work, we find that statistically significant differences in the behavior of high-anxiety rats are observed
only upon left-side administration of the agent. There are literature data stating that right-side, but not left-side
injection of muscimol in the amygdala leads to impaired acquisition of continuous multiple-trial inhibitory-
avoidance [40]. Following each extinction session infusions of GABAergic antagonist bicuculline into the right
but not left BLA significantly enhances extinction of contextual fear [41]. Moreover, there literature data dem-
onstrate lateralization of the effect anxiolytic drug on brain activity [42]-[44]. Earlier, in the experiments on rab-
bits we also observe the inequality of the effect of the GABAA receptor agonist upon introduction into the right
and left amygdala, however, in contrast to rats, muscimol causes higher effect upon introduction in the right
amygdala in passive rabbits, decreasing percent of freezing on loud sound [30]. Probably, the differences be-
tween the results of the current study and the literature data are due to differences in experimental conditions
and the animals used. It is interesting to note that hemispheric asymmetries are revealed in amygdala activity in
emotion [25]-[27]. These data allow the assumption that there is a hemispheric laterality in functioning of GA-
BAergic system of the amygdala and its potential involvement in determination of the level of anxiety. Several
literature facts support the assumption. The number of GABA binding sites was found to be higher in cortex and
hippocampus of the left hemisphere in rats, while the opposite asymmetry was observed in the thalamus [45]. A
consistently higher level of GABA contents in rat brain was observed in the right-hand substantia nigra and
nucleus accumbens, and in the left-hand ventral tegmentum, ventromedial thalamus and caudate nucleus [46].

Thus, the findigs suggest an important role in anxiety regulation of the amygdalar GABA levels, and the as-
sumed GABA hemispheric lateralization.

Acknowledgements
We would like to thank Dr. Natalia R. Kuznetsova (Institute of Bioorganic Chemistry of the Russian Academy

of Sciences) for assisting in preparation of this manuscript.

References

[1] Gomes, V.C., Hassan, W., Maisonnette, S., Johnson, L.R., Ramos, A. and Landeira-Fernandez, J. (2013) Behavioral
Evaluation of Eight Rat Lines Selected for High and Low Anxiety-Related Responses. Behavioural Brain Research,
257, 39-48. http://dx.doi.org/10.1016/j.bbr.2013.09.028

)



http://dx.doi.org/10.1016/j.bbr.2013.09.028

M. P. Rysakova, L. V. Pavlova

[2]

(3]
[4]

(5]
(6]

[7]

(8]
(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]
[22]

[23]

Ennaceur, A. (2014) Tests of Unconditioned Anxiety—Pitfalls and Disappointments. Physiology & Behavior, 135, 55-
71. http://dx.doi.org/10.1016/j.physbeh.2014.05.032

Gray, J.A. (1987) The Psychology of Fear and Stress. VVol. 5, Cambridge Univ. Press, Cambridge, 423 p.

Grigor'ian, G.A. and Merzhanova, G.K. (2008) Individual Behavior Depending on Reinforcement Prediction Errors
and Environmental Uncertainty. I.P. Pavlov Journal of Higher Nervous Activity, 58, 408-422.

Landgraf, R. and Wigger, A. (2002) High vs. Low Anxiety-Related Behavior Rats: An Animal Model of Extremes in
Trait Anxiety. Behavior Genetics, 32, 301-314. http://dx.doi.org/10.1023/A:1020258104318

Lehner, M., Taracha, E., Skérzewska, A., Turzynska, D., Sobolewska, A., Maciejak, P., Szyndler, J., Hamed, A,
Bidzinski, A., Wistowska-Stanek, A. and Ptaznik, A. (2008) Expression of c-Fos and CRF in the Brains of Rats Dif-
fering in the Strength of a Fear Response. Behavioural Brain Research, 188, 154-67.
http://dx.doi.org/10.1016/j.bbr.2007.10.033

Tasan, R.O., Bukovac, A., Peterschmitt, Y.N., Sartori, S.B., Landgraf, R., Singewald, N. and Sperk, G. (2011) Altered
GABA Transmission in a Mouse Model of Increased Trait Anxiety. Neuroscience, 183, 71-80.
http://dx.doi.org/10.1016/j.neuroscience.2011.03.051

Shuhama, R., Del-Ben, M., Loureiro, S.R. and Graeff, F.G. (2007) Animal Defense Strategies and Anxiety Disorders.
Anais da Academia Brasileira de Ciéncias, 79, 97-109. http://dx.doi.org/10.1590/s0001-37652007000100012

Lester, K.J. and Eley, T.C. (2013) Therapygenetics: Using Genetic Markers to Predict Response to Psychological
Treatment for Mood and Anxiety Disorders. Biology of Mood & Anxiety Disorders, 3, 4.
http://dx.doi.org/10.1186/2045-5380-3-4

Stam, R. (2007) PTSD and Stress Sensitisation: A Tale of Brain and Body, Part 1: Human Studies. Neuroscience &
Biobehavioral Reviews, 31, 530-557. http://dx.doi.org/10.1016/j.neubiorev.2006.11.010

Voronina, T.A. and Seredenin, S.B. (2002) Prospects of the Search for Novel Anxiolytics. Eksperimentalnaia i Klini-
cheskaia Farmakologiia, 65, 4-17.

Camp, M.C., MacPherson, K.P., Lederle, L., Graybeal, C., Gaburro, S., DeBrouse, L.M., lhne, J.L., Bravo, J.A.,
O’Connor, R.M., Ciocchi, S., Wellman, C.L., Lithi, A., Cryan, J.F., Singewald, N. and Holmes, A. (2012) Genetic
Strain Differences in Learned Fear Inhibition Associated with Variation in Neuroendocrine, Autonomic, and Amygdala
Dendritic Phenotypes. Neuropsychopharmacology, 37, 1534-1547. http://dx.doi.org/10.1038/npp.2011.340

Bisaga, A. and Kostowski, W. (1993) Individual Behavioral Differences and Ethanol Consumption in Wistar Rats.
Physiology & Behavior, 54, 1125-1131.

Bush, D.E. and Vaccarino, F.J. (2007) Individual Differences in Elevated Plus-Maze Exploration Predicted Progres-
sive-Ratio Cocaine Self-Administration Break Points in Wistar Rats. Psychopharmacology, 194, 211-219.
http://dx.doi.org/10.1007/s00213-007-0835-7

Zozulya, A.A., Gabaeva, M.V., Sokolov, O.Y., Surkina, I.D. and Kost, N.V. (2008) Personality, Coping Style, and
Constitutional Neuroimmunology. Journal of Immunotoxicology, 5, 221-225.
http://dx.doi.org/10.1080/15476910802131444

Davis, M. and Whalen, P.J. (2001) The Amygdala: Vigilance and Emotion. Molecular Psychiatry, 6, 13-34.
http://dx.doi.org/10.1038/sj.mp.4000812

LeDoux, J.E. (2007) The Amygdala. Current Biology, 17, R868-R874. http://dx.doi.org/10.1016/j.cub.2007.08.005

Lanteaume, L., Khalfa, S., Regis, J., Marquis, P., Chauvel, P. and Bartolomei, F. (2007) Emotion Induction after Direct
Intracerebral Stimulations of Human Amygdala. Cerebral Cortex, 17, 1307-1313.
http://dx.doi.org/10.1093/cercor/bhl041

Vazdarjanova, A., Cahill, L. and McGaugh, J.L. (2001) Disrupting Basolateral Amygdale Function Impairs Uncondi-
tioned Freezing and Avoidance in Rats. European Journal of Neuroscience, 14, 709-718.
http://dx.doi.org/10.1046/j.0953-816x.2001.01696.x

Macedo, C.E., Castilho, V.M., de Souza e Silva, M.A. and Brandao, M.L. (2002) Dual 5-HT Mechanisms in Basola-
teral and Central Nuclei of Amygdale in the Regulation of the Defensive Behavior Induced by Electrical Stimulation of
the Inferior Colliculus. Brain Research Bulletin, 59, 189-195. http://dx.doi.org/10.1016/S0361-9230(02)00862-6

Royer, S. and Pare, D. (2002) Bidirectional Synaptic Plasticity in Intercalated Amygdale Neurons and the Extinction of
Conditioned Fear Responses. Neuroscience, 115, 455-462. http://dx.doi.org/10.1016/S0306-4522(02)00455-4

Mitra, R., Adamec, R. and Sapolsky, R. (2009) Resilience against Predator Stress and Dendritic Morphology of
Amygdala Neurons. Behavioural Brain Research, 205, 535-543. http://dx.doi.org/10.1016/j.bbr.2009.08.014

Gomez, M.J., Moron, I., Torres, C., Esteban, F.J., de la Torre, L., Candido, A., Maldonado, A., Fernandez-Teruel, A.,
Tobena, A. and Escarabajal, M.D. (2009) One-Way Avoidance Acquisition and Cellular Density in the Basolateral
Amygdala: Strain Differences in Roman High- and Low-Avoidance Rats. Neuroscience Letters, 450, 317-320.



http://dx.doi.org/10.1016/j.physbeh.2014.05.032
http://dx.doi.org/10.1023/A:1020258104318
http://dx.doi.org/10.1016/j.bbr.2007.10.033
http://dx.doi.org/10.1016/j.neuroscience.2011.03.051
http://dx.doi.org/10.1590/s0001-37652007000100012
http://dx.doi.org/10.1186/2045-5380-3-4
http://dx.doi.org/10.1016/j.neubiorev.2006.11.010
http://dx.doi.org/10.1038/npp.2011.340
http://dx.doi.org/10.1007/s00213-007-0835-7
http://dx.doi.org/10.1080/15476910802131444
http://dx.doi.org/10.1038/sj.mp.4000812
http://dx.doi.org/10.1016/j.cub.2007.08.005
http://dx.doi.org/10.1093/cercor/bhl041
http://dx.doi.org/10.1046/j.0953-816x.2001.01696.x
http://dx.doi.org/10.1016/S0361-9230(02)00862-6
http://dx.doi.org/10.1016/S0306-4522(02)00455-4
http://dx.doi.org/10.1016/j.bbr.2009.08.014

M. P. Rysakova, I. V. Pavlova

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

http://dx.doi.org/10.1016/j.neulet.2008.10.112

Rysakova, M.P. and Pavlova, 1.V. (2011) Interaction of Amygdalar Neurons of Active and Passive Rabbits in Negative
Emotional Situations. I.P. Pavlov Journal of Higher Nervous Activity, 61, 190-203.

Pavlova, 1.V. (2006) Linkage of Neuron Spike Activity in the Right and Left Amygdala in Food Motivation and Emo-
tional Tension. Neuroscience and Behavioral Physiology, 36, 217-225. http://dx.doi.org/10.1007/s11055-006-0003-2

Tabert, M.H., Borod, J.C., Tang, C.Y., Lange, G., Wei, T.C., Johnson, R., Nusbaum, A.O. and Buchsbaum, M.S. (2001)
Differential Amygdala Activation during Emotional Decision and Recognition Memory Tasks Using Unpleasant
Words: An fMRI Study. Neuropsychologia, 39, 556-573. http://dx.doi.org/10.1016/S0028-3932(00)00157-3

Zalla, T., Koechlin, E., Pietrini, P., Basso, G., Aquino, P., Sirigu, A. and Grafman, J. (2000) Differential Amygdala
Responses to Winning and Losing: A Functional Magnetic Resonance Imaging Study in Humans. European Journal of
Neuroscience, 12, 1764-1770. http://dx.doi.org/10.1046/].1460-9568.2000.00064.x

Moghaddam, H.A., Roohbakhsh, A., Rostami, P., Heidary-Davishani, A. and Zarrindast, M.R. (2008) GABA and His-
tamine Interaction in the Basolateral Amygdala of Rats in the Plus-Maze Test of Anxiety-Like Behaviors. Pharmacol-
ogy, 82, 59-66. http://dx.doi.org/10.1159/000131110

Sanders, S.K. and Shekhar, A. (1995) Regulation of Anxiety by GABAA Receptors in the Rat Amygdala. Pharmacol-
ogy Biochemistry and Behavior, 52, 701-706. http://dx.doi.org/10.1016/0091-3057(95)00153-N

Rysakova, M.P. and Pavlova, I.V. (2013) Effects of Intra-Amygdalar Administration of GABAA Receptor Agonists
and Antagonists on the Behavior of Active and Passive Rabbits in Emotionally Negative Situations. Neuroscience and
Behavioral Physiology, 43, 989-999. http://dx.doi.org/10.1007/s11055-013-9841-x

Hogg, S. (1996) A Review of the Validity and Variability of the Elevated Plus-Maze as an Animal Model of Anxiety.
Pharmacology Biochemistry and Behavior, 54, 21-30. http://dx.doi.org/10.1016/0091-3057(95)02126-4

Pellow, S., Chopin, P., File, S.E. and Briley, M. (1985) Validation of Open/Closed Arm Entries in an Elevated
Plus-Maze as a Measure of Anxiety in the Rat. Journal of Neuroscience Methods, 14, 149-167.
http://dx.doi.org/10.1016/0165-0270(85)90031-7

Salomé, N., Landgraf, R. and Viltart, O. (2006) Confinement to the Open Arm of the Elevated-Plus Maze as Anxiety
Paradigm: Behavioral Validation. Behavioral Neuroscience, 120, 719-723.
http://dx.doi.org/10.1037/0735-7044.120.3.719

Paxinos, G. and Watson, C. (1998) The Rat Brain in Stereotaxic Coordinates. Academic Press, Cambridge, MA.

Steimer, T. and Driscoll, P. (2003) Divergent Stress Responses and Coping Styles in Psyhogenetically Selected Roman
High-(RHA) and Low-(RLA) Avoidance Rats: Behavioural, Neuroendocrine and Developmental Aspects. Stress, 6,
87-100. http://dx.doi.org/10.1080/1025389031000111320

Leite-Panissi, C.R. and Menescal-de-Oliveira, L. (2002) Central Nucleus of the Amygdala and the Control of Tonic
Immobility in Guinea Pigs. Brain Research Bulletin, 58, 13-19. http://dx.doi.org/10.1016/S0361-9230(02)00748-7

Lehner, M., Wislowska-Stanek, A., Taracha, E., Maciejak, P., Szyndler, J., Skorzewska, A., Turzynska, D., Sobolews-
ka, A., Hamed, A., Bidzinski, A. and Plaznik, A. (2010) The Effects of Midazolam and D-Cycloserine on the Release
of Glutamate and GABA in the Basolateral Amygdale of Low and High Anxiety Rats during Extinction Trial of a
Conditioned Fear Test. Neurobiology of Learning and Memory, 94, 468-480.
http://dx.doi.org/10.1016/j.nlm.2010.08.014

Kash, S.F., Tecott, L.H., Hodge, C. and Baekkeskov, S. (1999) Increased Anxiety and Altered Responses to Anxiolyt-
ics in Mice Deficient in the 65-kDa Isoform of Glutamic Acid Decarboxylase. Proceedings of the National Academy of
Sciences of the United States of America, 96, 1698-1703. http://dx.doi.org/10.1073/pnas.96.4.1698

Cunningham, M.G., Connor, C.M., Carlezon, W.A. and Meloni, E. (2009) Amygdalar GABAergic-Rich Neural Grafts
Attenuate Anxiety-Like Behavior in Rats. Behavioural Brain Research, 205, 146-153.
http://dx.doi.org/10.1016/j.bbr.2009.06.015

Coleman-Mesches, K. and McGaugh, J.L. (1995) Muscimol Injected into the Right or Left Amygdaloid Complex Dif-
ferentially Affects Retention Performance Following Aversively Motivated Training. Brain Research, 676, 183-188.
http://dx.doi.org/10.1016/0006-8993(95)00108-3

Berlau, D.J. and McGaugh, J.L. (2006) Enhancement of Extinction Memory Consolidation: The Role of the Noradre-
nergic and GABAergic Systems within the Basolaterel Amygdale. Neurobiology of Learning and Memory, 86, 123-
132. http://dx.doi.org/10.1016/j.nIm.2005.12.008

Davidson, R.J., Kalin, N.H. and Shelton, S.E. (1992) Lateralized Effects of Diazepam on Frontal Brain Electrical
Asymmetries in Rhesus Monkeys. Biological Psychiatry, 32, 438-451.
http://dx.doi.org/10.1016/0006-3223(92)90131-1

Morand-Villeneuve, N., Veuillet, E., Perrot, X., Lemoine, P., Gagnieu, M.C., Sebert, P., Durrant, J.D. and Collet, L.

()



http://dx.doi.org/10.1016/j.neulet.2008.10.112
http://dx.doi.org/10.1007/s11055-006-0003-2
http://dx.doi.org/10.1016/S0028-3932(00)00157-3
http://dx.doi.org/10.1046/j.1460-9568.2000.00064.x
http://dx.doi.org/10.1159/000131110
http://dx.doi.org/10.1016/0091-3057(95)00153-N
http://dx.doi.org/10.1007/s11055-013-9841-x
http://dx.doi.org/10.1016/0091-3057(95)02126-4
http://dx.doi.org/10.1016/0165-0270(85)90031-7
http://dx.doi.org/10.1037/0735-7044.120.3.719
http://dx.doi.org/10.1080/1025389031000111320
http://dx.doi.org/10.1016/S0361-9230(02)00748-7
http://dx.doi.org/10.1016/j.nlm.2010.08.014
http://dx.doi.org/10.1073/pnas.96.4.1698
http://dx.doi.org/10.1016/j.bbr.2009.06.015
http://dx.doi.org/10.1016/0006-8993(95)00108-3
http://dx.doi.org/10.1016/j.nlm.2005.12.008
http://dx.doi.org/10.1016/0006-3223(92)90131-I

M. P. Rysakova, L. V. Pavlova

[44]
[45]

[46]

(2005) Lateralization of the Effects of the Benzodiazepine Drug Oxazepam on Medial Olivocochlear System Activity
in Humans. Hearing Research, 208, 101-106. http://dx.doi.org/10.1016/j.heares.2005.05.003

Rysakova, M.P. and Pavlova, 1.V. (2011) Influence of Anxiolytic Afobazole on Amygdalar Neuronal Activity and Be-
havior of Rabbits in Emotionally Negative Situations. I.P. Pavlov Journal of Higher Nervous Activity, 6, 351-364.

Guarneri, P., Guarneri, R., La Bella, V., Scondotto, S., Scoppa, F. and Piccoli, F. (1988) Lateral Differences in GABA
Binding Sites in Rat Brain. Neurochemical Research, 13, 209-211. http://dx.doi.org/10.1007/BF00971534

Starr, M.S. and Kilpatrick, 1.C. (1981) Bilateral Asymmetry in Brain GABA Function? Neuroscience Letters, 25,
167-172. http://dx.doi.org/10.1016/0304-3940(81)90326-8



http://dx.doi.org/10.1016/j.heares.2005.05.003
http://dx.doi.org/10.1007/BF00971534
http://dx.doi.org/10.1016/0304-3940(81)90326-8

	Differential Effect of Unilateral Amygdalar GABAA Receptor Agonist Injection on Low- and High-Anxiety Rats
	Abstract
	Keywords
	1. Introduction
	2. Experimental Procedures 
	2.1. Animals
	2.2. Behavioral Testing
	2.3. Stereotaxic Surgery and Microinjections
	2.4. Histology
	2.5. Data Analysis

	3. Results
	3.1. Selection of High-Anxiety (HA) and Low-Anxiety (LA) Animals
	3.2. Localization of Cannulae Tips in the Amygdala
	3.3. The Behavior of Intact/Non-Operated Rats and Animals during Repeated Tests in EPM upon Saline Injection in BLA
	3.4. Effects of Intra-BLA Injection of Muscimol on the Anxiety Behavior of HA and LA Rats

	4. Discussion
	Acknowledgements
	References

