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Abstract:    In this study we investigated whether GABAA receptors of the basolateral amygdala (BLA) interact with the 
effect of dexamethasone on the retrieval stage of memory. Adult male Wistar rats were bilaterally cannulated in the 
BLA by stereotaxic surgery. The animals were trained in step-through apparatus by induction of electric shock (1.5 mA, 
3 s) and were tested for memory retrieval after 1 d. The time of latency for entering the dark compartment of the in-
strument and the time spent by rats in this chamber were recorded for evaluation of the animals’ retrieval in passive 
avoidance memory. Administration of dexamethasone (0.3 and 0.9 mg/kg, subcutaneously (s.c.)), immediately after 
training, enhanced memory retrieval. This effect was reduced by intra-BLA microinjection of muscimol (0.125, 0.250 
and 0.500 µg/rat), when administered before 0.9 mg/kg of dexamethasone. Microinjection of bicuculline (0.75 µg/rat, 
intra-BLA) with an ineffective dose of dexamethasone (0.1 mg/kg, s.c.) increased memory retrieval. However, the 
same doses of muscimol and bicuculline without dexamethasone did not affect memory processes. Our data support 
reports that dexamethasone enhances memory retrieval. It seems that GABAA receptors of the BLA mediate the effect 
of dexamethasone on memory retrieval in rats. 
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1  Introduction  
 
Several studies show that glucocorticoids, the 

main stress hormones, modulate processes of memory 
by influencing the limbic system. The activation of 
glucocorticoid-sensitive pathways by the administra-
tion of agonists of these hormones after training, 
enhances memory consolidation (Power et al., 2000; 
Paré, 2003; Roozendaal et al., 2006). Glucocorticoids 
act via intracellular receptors (genomic pathway) and 
membrane receptors (Makara and Haller, 2001). 
Therefore, the effects of glucocorticoids on memory 
can be mediated via these two receptor mechanisms 

by interaction with several neurotransmitter systems 
in the brain including noradrenergic, cholinergic and 
opioidergic systems (Rashidy-Pour et al., 2004; 
Roozendaal et al., 2004; Khaksari et al., 2007).  

The amygdala, which is located in the medial 
temporal lobe of the brain, has an important role in 
cognitive behaviors such as learning and memory 
(Baxter and Murray, 2002; Sah et al., 2003). The 
basolateral nuclei of the amygdala mediate the effects 
of some hormones and neurotransmitters on memory 
formation (Power et al., 2000; McGaugh and Rooz-
endaal, 2008) and connect the amygdala to other 
regions of the brain, such as the hippocampus and the 
prefrontal cortex, that are involved in the processes of 
memory (Roozendaal et al., 2009).  

There is a high accumulation of glucocorticoid 
receptors in the basolateral amygdala (BLA) region 
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(Cintra et al., 1994). Post-training intra-BLA micro-
injection of glucocorticoid agonists in contextual fear 
conditioning or passive avoidance facilitates memory 
retention, whereas infusion of their antagonists im-
pairs memory retrieval (Roozendaal and McGaugh, 
1997; Donley et al., 2005). In addition, the memory 
enhancing effect of post-training systemic injection of 
dexamethasone, a glucocorticoid agonist, in passive 
avoidance tasks, is blocked by lesion of the BLA 
(Roozendaal and McGaugh, 1996; McGaugh and 
Roozendaal, 2008; Roozendaal et al., 2009). BLA 
mediates cognitive functions via several neurotrans-
mitter and neuropeptide systems including opioider-
gic, noradrenergic, cholinergic, dopaminergic, and 
GABAergic systems (Quirarte et al., 1997; Wilensky 
et al., 2000; Stevenson and Gratton, 2003; Stevenson 
et al., 2003; McGaugh and Roozendaal, 2008).  

γ-Aminobutyric acid (GABA) is one of the neu-
rotransmitters of the peripheral and central nervous 
system, and it has an inhibiting action (Bormann, 
2000; Watanabe et al., 2002). This neurotransmitter 
acts through three types of receptors: ionotropic 
GABAA and GABAC receptors and metabotropic 
GABAB receptor (Macdonald and Olsen, 1994; 
Bormann, 2000; Ong and Kerr, 2005; Emson, 2007; 
Olsen and Sieghart, 2009). Neuropharmacological 
findings obtained from studies of certain types of 
memory, such as reward, Y-maze, and passive 
avoidance, have demonstrated that memory processes 
are affected by GABAergic agents. For example, 
post-training peripheral or central (intra-amygdala) 
injections of antagonists of GABA receptors increase 
retrieval in these memory tasks, whereas their ago-
nists impair memory formation (Stackman and Walsh, 
1995; Ferry et al., 1999; Hatfield et al., 1999; Myhrer, 
2003).  

Several studies have shown that GABAA re-
ceptors are involved in modulation of memory proc-
esses (Izquierdo et al., 1990; Myhrer, 2003; Zarrin-
dast et al., 2004). There is a high density of GABAA 
receptors in most regions of the brain including the 
amygdaloid complex (Salinas and McGaugh, 1996) 
and the hippocampus (Mao and Robinson, 1998). 
Therefore, memory formation is enhanced by intra- 
amygdala infusion of picrotoxin or bicuculline, an-
tagonists of GABAA receptors, and impaired by in-
fusion of muscimol, an agonist of GABAA receptors 
(Hatfield et al., 1999; Roozendaal et al., 2009). Since 

the BLA has an expansive distribution of GABAergic 
neurons and receptors, it also has a high concentration 
of receptors of glucocorticoid hormones. In this study 
we investigated whether GABAA receptors of the 
BLA interact with the effect of dexamethasone on 
memory retrieval in rats. 

 
 

2  Materials and methods  

2.1  Animals 

Adult male Wistar rats (from 200–270 g in 
weight, from the Pasture Institute, Iran) were used in 
this study. The animals were placed, four per cage, in 
an animal house with a constant temperature [(24± 
2) °C] and a 12-h light cycle (07:00 to 19:00) with 
water and food available ad libitum. To allow adap-
tation of the animals to the conditions in the labora-
tory, they were transferred to the laboratory room at 
least 7 d prior to surgical practice. They were also 
handled before the training day (3 min/d). The ex-
periments were carried out between 09:00 and 14:00. 
Procedures used in this research were performed in 
compliance with the National Academy’s guide for 
the care and use of animals in research. 

2.2  Drugs  

Dexamethasone (Synopharm, Italy) was dis-
solved in a vehicle (saline containing 2% ethanol) and 
injected subcutaneously (s.c.). Muscimol and bicu-
culline (Sigma, St. Louis, CA, USA) were dissolved 
in sterile 9 g/L saline and microinjected as an intra- 
BLA treatment. The doses of these drugs were de-
rived from our pilot studies and other related reports 
(Power et al., 2000; Zarrindast et al., 2004). 

2.3  Surgery and microinjections  

One week before the beginning of the behavioral 
experiments, the animals were anesthetized by ad-
ministration of ketamine hydrochloride (50 mg/kg) 
and xylazine (4 mg/kg) intraperitoneally, and then 
secured in the stereotaxic instrument (Stoelting, 
USA). Two sterile guide cannulas (22-gauge and  
13 mm in length made from stainless steel) were 
placed bilaterally 1 mm above the region of injection 
based on the stereotaxic characteristics of the BLA, in 
accordance with the rat brain atlas of Paxinos and 
Watson (1997): anterior to bregma (AP) −2.8 mm, 
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lateral to the sagittal suture (L) ±5 mm, and ventral 
from the surface of the skull (V) 6.6 mm. The can-
nulas were affixed at the surface of the skull with 
dental cement. A Hamilton syringe (2 µl) and a needle 
(27-gauge and 14 mm in length), joined together by a 
polyethylene tube, were used for the microinjection of 
the drugs. The BLAs (in the right and the left sides of 
the brain) were infused with a 0.5-µl solution per side 
(1 µl/rat) within a period of 120 s (for microinjection 
and diffusion of drugs in the BLA). 

2.4  Behavioral procedure  

2.4.1  Instrument  

The step-through instrument, used for training 
and testing of the animals, consisted of two com-
partments (each 20 cm×20 cm×30 cm): one light or 
white compartment and another dark or black, which 
were connected via a small door (7 cm×9 cm). Rods 
(2.5 mm in diameter and made from stainless steel) 
were placed at 1 cm intervals in the floor of the dark 
chamber. A stimulator delivered intermittent electric 
shocks (50 Hz, 1.5 mA for 3 s duration) to the floor of 
the dark chamber via these rods.  

2.4.2  Training  

One hour before the training, the animals were 
transferred to the experimental room. Each animal 
was placed in the light chamber of the apparatus and 
after 10 s the door to the dark compartment was 
opened. Immediately after the animal entered the dark 
compartment, the door was closed and the rat was 
transferred to the home cage. The time of latency for 
entering the dark compartment was recorded. Ani-
mals with a latency of more than 100 s were omitted 
from this research.  

The acquisition trial was carried out 30 min later. 
Each animal was placed in the light compartment and 
after 10 s the door was opened. As soon as the animal 
entered the dark compartment and all four paws had 
been placed on the grid floor, the door was closed and 
an electric shock (50 Hz, 1.5 mA for 3 s) was imme-
diately delivered to this chamber. The rat was tem-
porarily transferred from the apparatus to its home 
cage about 20 s after receiving the shock. After 2 min, 
the rat was again placed in the apparatus (as in the 
prior trials); if the latency (to enter the dark chamber) 
was more than 120 s, the acquisition stage of passive 

avoidance memory was successfully completed. This 
procedure was repeated for animals that had not 
completed it successfully (each rat received the foot 
shock for a maximum of three times). In this research, 
all drugs were administered immediately after train-
ing (post-training).  

2.4.3  Testing  

Retention tests were performed to assess long- 
term memory 24 h after training. The animals were 
placed in the light chamber and after 10 s the door was 
opened. Without using the electrical shock during this 
phase, the latency of entering the dark compartment 
(step-through latency) and the time spent in the dark 
chamber, for assessment of memory retrieval, were 
recorded for 300 s.  

2.5  Experiments 

Post-training, each rat received either saline, 
muscimol, or bicuculline via an intra-BLA microin-
jection, and either dexamethasone or the vehicle s.c. 
5 min later. 

2.5.1  Effect of dexamethasone on memory retrieval  

This experiment examined the effect of dexa-
methasone on memory retrieval. Four groups (n=8 
each group) of rats were used. One group (control) 
received saline (1 µl/rat, intra-BLA) plus the vehicle 
(1 ml/kg, s.c.). The other groups of animals first re-
ceived microinjections of saline (1 µl/rat, intra-BLA) 
and then different doses of dexamethasone (0.1, 0.3 
and 0.9 mg/kg, s.c.). The animals were tested after one 
day and the step-through latency and the time spent in 
the dark chamber for each rat were recorded. 

2.5.2  Effect of intra-BLA microinjection of musci-
mol on the effect of dexamethasone on memory  
retrieval 

Eight groups (n=8 each group) of animals were 
used. Four groups received microinjection of mus-
cimol (0, 0.125, 0.250 and 0.500 µg/rat, intra-BLA), 
an agonist of GABAA receptors, plus the vehicle  
(1 ml/kg, s.c.). The other four groups of animals re-
ceived the muscimol (0, 0.125, 0.250 and 0.500 µg/rat, 
intra-BLA) plus dexamethasone (0.9 mg/kg, s.c.). 
The rats were tested one day later and the step- 
through latency and the time spent in the dark 
chamber for each rat were recorded.  
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2.5.3  Effect of intra-BLA microinjection of bicu-
culline on the effect of dexamethasone on memory 
retrieval  

Eight groups (n=8 each group) of rats were used 
in this experiment. The first four groups received 
microinjection of bicuculline (0, 0.25, 0.50 and  
0.75 µg/rat, intra-BLA) plus the vehicle (1 ml/kg, s.c.). 
The other four groups of animals received bicuculline 
(0, 0.25, 0.50 and 0.75 µg/rat, intra-BLA) plus dex-
amethasone (0.1 mg/kg, s.c.). The rats were tested  
one day later and the step-through latency and the 
time spent in the dark chamber for each rat were  
recorded.  

2.6  Confirmation of injection sites 

After the behavioral test, the rats were killed 
with ether and received a microinjection of 1% me-
thylene blue (0.5 µl/side, intra-BLA). They were then 
decapitated and their brains were placed in a 10% 
formalin solution for 10 d. For the determination of 
the cannula locations and sites of injections, brain 
sections were examined for the BLA by reference to 
the rat brain atlas of Paxinos and Watson (1997). Data 
from rats that received drugs outside of the BLA were 
omitted.  

2.7  Analysis of data 

The data were analyzed by one or two-way 
analysis of variance (ANOVA) and Tukey’s test us-
ing SPSS statistical software and the results expressed 
as mean±standard error of the mean (SEM). The sta-
tistical significance level was set at P<0.05. 

 
 

3  Results  

3.1  Effect of dexamethasone on memory retrieval  

Fig. 1 shows the effects of dexamethasone (ad-
ministered post-training) on step-through latency 
(Fig. 1a) and total time spent in the dark chamber 
(Fig. 1b). Statistical analysis by one-way ANOVA 
showed that different doses of dexamethasone (0.1, 
0.3 and 0.9 mg/kg, s.c.) increased the step-through 
latency in a dose-dependent manner [F(3, 28)=11.517, 
P<0.001] and decreased the time spent in the dark 
compartment [F(3, 28)=7.209, P<0.01] in the passive 
avoidance task compared to the control group, indi-
cating an enhancement of memory retrieval.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  Effect of intra-BLA microinjection of musci-
mol on the effect of dexamethasone on memory 
retrieval  

Fig. 2a indicates the effect of muscimol (injected 
post-training) on the dexamethasone effect on step- 
through latencies. Statistical analysis by two-way 
ANOVA showed that there was an interaction effect 
on memory retrieval between the groups that received 
the muscimol (0, 0.125, 0.250 and 0.500 µg/rat,  
intra-BLA) plus the vehicle (1 ml/kg, s.c.) and the 
groups that received the muscimol (0, 0.125, 0.250 
and 0.500 µg/rat, intra-BLA) plus dexamethasone 
(0.9 mg/kg, s.c.) [within group comparison: treatment 
effect, F(1, 56)=9.13, P<0.01; dose effect, F(3, 
56)=5.22, P<0.01; treatment×dose interaction, F(3, 
56)=4.26, P<0.01]. Furthermore, one-way ANOVA 
indicated that there was no significant change among 
the groups that received different doses of muscimol 
(0, 0.125, 0.250 and 0.500 µg/rat, intra-BLA) plus the 
vehicle [F(3, 28)=0.145, P>0.05]. The analysis re-
vealed that the enhancement effect of 0.9 mg/kg of 
dexamethasone on memory retrieval was significantly 

Fig. 1  Effect of dexamethasone on memory retrieval 
(a) Step-through latencies; (b) Time spent in the dark 
chamber. Post-training, the animals received the vehicle 
(1 ml/kg, s.c.) or dexamethasone (0.1, 0.3, or 0.9 mg/kg, 
s.c.) plus saline (1 µl/rat) and were tested one day later. The 
columns show the mean±SEM (n=8). * P<0.05, ** P<0.01, 
*** P<0.001 compared to the control group (vehicle/saline)
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reduced by these doses of muscimol [F(3, 28)=9.102 
P<0.001]. Tukey’s test showed that the maximum 
response was obtained with 0.500 µg/rat of muscimol 
(P<0.01).  

Fig. 2b shows the effect of muscimol on the 
dexamethasone effect on the time spent in the dark 
chamber. Two-way ANOVA showed that there was 
an interaction effect on memory retrieval between the 
groups that received muscimol (0, 0.125, 0.250 and 
0.500 µg/rat, intra-BLA) plus the vehicle (1 ml/kg, 
s.c.) and those that received muscimol (0, 0.125, 0.250 
and 0.500 µg/rat, intra-BLA) plus dexamethasone 
(0.9 mg/kg, s.c.) [within group comparison: treatment 
effect, F(1, 56)=0.75, P>0.05; dose effect, F(3, 56)= 
2.44, P>0.05; treatment×dose interaction, F(3, 56)= 
5.05, P<0.01]. One-way ANOVA indicated that there 
was no significant change in the time spent in the dark 
compartment among the groups which received 
muscimol (0, 0.125, 0.250 and 0.500 µg/rat, intra-BLA) 
plus the vehicle (1 ml/kg, s.c.) [F(3, 28)=0.7283, 
P>0.05]. However, one-way ANOVA indicated that 
there was a significant difference in the time spent in  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the dark compartment between the animals that re-
ceived muscimol (0.125, 0.250 and 0.500 µg/rat, 
intra-BLA) plus dexamethasone (0.9 mg/kg, s.c.) and 
the control group (saline/dexamethasone) [F(3, 28)= 
8.819, P<0.001]. This experiment indicated that the 
enhancement effect of dexamethasone on memory 
retrieval was significantly reduced by muscimol. 

3.3  Effect of intra-BLA microinjection of bicu-
culline on the effect of dexamethasone on memory 
retrieval  

Fig. 3a indicates the effects of bicuculline with 
or without dexamethasone on step-through latencies. 
Two-way ANOVA showed that there was an interac-
tion effect on memory retrieval between the groups 
that received bicuculline (0, 0.25, 0.50 and 0.75 µg/rat, 
intra-BLA) plus the vehicle (1 ml/kg, s.c.), and  
the groups that received bicuculline (0, 0.25, 0.50 and 
0.75 µg/rat, intra-BLA) plus dexamethasone (0.1 mg/kg) 
[within group comparison: treatment effect, F(1, 56)= 
20.08, P<0.0001; dose effect, F(3, 56)=2.83, P<0.05; 
treatment×dose interaction, F(3, 56)=2.84, P<0.05].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Effect of muscimol on dexamethasone effect on 
memory retrieval 
(a) Step-through latencies; (b) Time spent in the dark 
chamber. The rats received saline (1 μl/rat, intra-BLA) or 
muscimol (0.125, 0.250 and 0.500 μg/rat, intra-BLA) plus 
the vehicle (1 ml/kg, s.c.) or dexamethasone (0.9 mg/kg, 
s.c.), as post-training injections. Each column shows the 
mean±SEM (n=8). * P<0.05, ** P<0.01, *** P<0.001 com-
pared to the group treated with saline/dexamethasone 
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Fig. 3  Effect of bicuculline on dexamethasone effect on 
memory retrieval 
(a) Step-through latencies; (b) Time spent in the dark 
chamber. The rats received saline (1 μl/rat, intra-BLA) or 
bicuculline (0.25, 0.50 and 0.75 μg/rat, intra-BLA) plus the 
vehicle (1 ml/kg, s.c.) or dexamethasone (0.1 mg/kg, s.c.), 
as post-training injections. Each column shows the mean± 
SEM (n=8). * P<0.05, ** P<0.01 compared to the group 
treated with saline/dexamethasone 
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Furthermore, one-way ANOVA indicated that there 
was no significant change in the latencies among the 
groups that received bicuculline (0, 0.25, 0.50 and 
0.75 µg/rat, intra-BLA) plus the vehicle (1 ml/kg, s.c.) 
[F(3, 28)=0.5630, P>0.05]. Analysis showed that 
memory retrieval was significantly potentiated  
by co-administration of an ineffective dose of  
dexamethasone (0.1 mg/kg, s.c.) and bicuculline  
(0.75 µg/rat, intra-BLA) [F(3, 28)=5.104, P<0.01]. 

Fig. 3b shows the effect of bicuculline on the 
effect of dexamethasone on time spent in the dark 
chamber. Statistical analysis, on the basis of two-way 
ANOVA, showed that there was an interaction effect 
on memory retrieval between the groups that received 
bicuculline (0, 0.25, 0.50 and 0.75 µg/rat, intra-BLA) 
plus the vehicle (1 ml/kg, s.c.), and the groups that 
received bicuculline (0, 0.25, 0.50 and 0.75 µg/rat, 
intra-BLA) plus dexamethasone (0.1 mg/kg, s.c.) 
[within group comparison: treatment effect, F(1, 
56)=17.81, P<0.0001; dose effect, F(3, 56)=2.80, 
P<0.05; treatment×dose interaction, F(3, 56)=3.05, 
P<0.05]. Furthermore, one-way ANOVA indicated 
that there was no significant change in the time spent 
in the dark chamber among the groups which received 
bicuculline (0, 0.25, 0.50 and 0.75 µg/rat, intra-BLA) 
plus the vehicle (1 ml/kg, s.c.) [F(3, 28)=0.74, 
P>0.05]. One-way ANOVA indicated that there was a 
significant change in the time spent in the dark cham-
ber in the group that received bicuculline (0.75 µg/rat, 
intra-BLA) plus dexamethasone (0.1 mg/kg, s.c.) 
compared to the saline (1 µl/rat)/dexamethasone  
(0.1 mg/kg, s.c.) group [F(3, 28)=4.922, P<0.01]. 
Therefore, the effect on memory retrieval of an inef-
fective dose of dexamethasone (0.1 mg/kg) was sig-
nificantly increased by ineffective doses of bicuculline. 

 
 

4  Discussion  
 

This study aimed to investigate the involvement 
of GABAA receptors of the BLA in the effect of 
dexamethasone, an agonist of glucocorticoid recep-
tors, on memory retrieval using intra-BLA microin-
jections of muscimol and bicuculline, an agonist and 
an antagonist, respectively, of GABAA receptors. In 
accordance with other investigations, the findings of 
our experiments showed that systemic subcutaneous 
injection of moderate doses of dexamethasone after 

training increased memory retrieval in the passive 
avoidance memory in a dose-dependent manner.  

Studies have shown that administration of glu-
cocorticoid hormones modulates memory formation 
in many different types of retrieval assessment, in-
cluding inhibitory avoidance, water-maze, and con-
textual fear conditioning, in experimental animals 
(Power et al., 2000; McGaugh, 2002; Paré, 2003; 
Venturella et al., 2005; Roozendaal et al., 2006). The 
effects of dexamethasone are mediated by genomic 
pathways, via intracellular glucocorticoid receptors 
(GRs), and nongenomic mechanisms, via membrane- 
associated receptors (Venturella et al., 2005; Khak-
sari et al., 2007). Post-training central administration 
of antagonists of these receptors impairs memory  
formation (Roozendaal and McGaugh, 1997). Several 
studies have shown that certain neurotransmitters  
and neuropeptide systems, including cholinergic, 
noradrenergic, and opioidergic systems, are involved 
in these effects of glucocorticoids (Rashidy-Pour et 
al., 2004; Khaksari et al., 2007; Roozendaal et al., 
2009). In this study, we determined the involvement 
of BLA GABAA receptor mechanisms in the effect of 
dexamethasone on memory retrieval.  

The role of the BLA GABAA receptors in the 
effect of dexamethasone on retrieval was evaluated. 
In this research, the effect of dexamethasone on 
memory retrieval was increased by intra-BLA injec-
tion of muscimol, an agonist of GABAA receptors, 
when administered after training and before injection 
of dexamethasone. Several studies have suggested 
that muscimol affects memory retention (Michelot 
and Melendez-Howell, 2003; DiSorbo et al., 2009). 
For example, Castellano and McGaugh (1990) re-
ported that muscimol, administered systemically after 
training, impaired retrieval in a passive avoidance 
memory model. There are reports that the injection of 
muscimol into certain regions of the brain induces 
memory impairment or amnesia. For instance work-
ing memory was impaired by intra-septal (Yamamoto 
et al., 2007) and intra-hippocampal (Ohno et al., 1992) 
injections of this drug. It was also shown that intra- 
BLA injection of muscimol reduced the acquisition of 
conditioned place preference (CPP) induced by 
morphine (Zarrindast et al., 2004).  

However, our research indicated that intra-BLA 
microinjection of different doses of bicuculline used 
in our experiments failed to affect memory retrieval 
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by itself, but potentiated the effect of systemic injec-
tion of dexamethasone (ineffective dose; 0.1 mg/kg, 
s.c.) on the retrieval stage of memory. Several studies 
have shown that central and peripheral administration 
of bicuculline improves memory processes (Castel-
lano and McGaugh, 1990; Ohno et al., 1992; Michelot 
and Melendez-Howell, 2003; Yamamoto et al., 2007). 
Other studies have shown that the activation or inac-
tivation of GABAA receptors of BLA by their ago-
nists and antagonists, disrupts or improves memory 
performance, respectively (McGaugh and Roozen-
daal, 2008). In this study, the doses of muscimol and 
bicuculline were selected on the basis of a pilot study 
in which they did not affect memory retrieval.  

Our results showed that a GABAA receptor of 
BLA can interfere with the effect of dexamethasone 
on this kind of memory. These findings agree with 
those of other investigations. Duvarci and Paré (2007) 
reported that corticosterone, another glucocorticoid 
agonist, reduces the activation of GABAergic neu-
rons in BLA. Rodriguez Manzanares et al. (2005), 
using in vitro field potential recordings, have shown 
that the facilitating effect of stress on retrieval is ac-
companied by the inhibition of the GABAergic sys-
tem in the BLA. Therefore, it may be that GABAA 
receptors of BLA interact with glucocorticoid hor-
mones indirectly via other neurotransmitter systems.  

Several lines of evidence indicate that noradren-
ergic activity in the BLA has an important role in 
mediating the effects of other neurotransmitter sys-
tems and hormones on memory retrieval. For example, 
intra-BLA administration of antagonists of the β- 
noradrenergic receptors inhibits the effect of the 
glucocorticoid on memory retrieval (Roozendaal et 
al., 2002). Furthermore, it is reported that stimulation 
of β-adrenoreceptors enhances the long-term poten-
tiation (LTP) of cortical projections to lateral amyg-
dala (Faber et al., 2005). Therefore, it seems that  
the activation of BLA β-adrenoreceptor mechanisms 
is required for the effect of glucocorticoids on  
retrieval. However, intra-amygdala infusion of a 
β-adrenoreceptor antagonist inhibits the enhancement 
effect of bicuculline on memory (McGaugh and 
Roozendaal, 2008) and conversely, administration of 
muscimol reduces levels of amygdala norepinephrine 
(Hatfield et al., 1999). Therefore, it may be that the 
activity of the BLA noradrenergic system is also re-
quired for modulation of the interaction of the BLA 

GABAA receptor mechanisms and dexamethasone 
effect on memory retrieval. 

The cholinergic system also has an important 
role in the hippocampus and amygdala for modulating 
memory processes (Khajehpour et al., 2008; Rezayof 
et al., 2009). BLA cholinergic activity modulates 
memory consolidation (Roozendaal et al., 2009) and 
is also important for the memory enhancement effect 
of glucocorticoids (Dalmaz et al., 1993). The infusion 
of atropine (intra-BLA), an antagonist of muscarinic 
cholinergic receptors, impairs the effect of dexa-
methasone on memory formation, when these drugs 
are co-administered after training (Power et al., 2000). 
However, the muscarinic cholinergic and noradren-
ergic systems in the amygdala interact in their effects 
on memory storage and retrieval (Dalmaz et al., 1993). 
Finally, opioidergic (Roozendaal et al., 2009) and 
glutamatergic (Yamada et al., 1999) systems also 
may be mediating the involvement of GABAA re-
ceptors in the effect of dexamethasone on memory 
retrieval.  

 
 

5  Conclusions  
 
In this research, moderate doses of dexa-

methasone, a glucocorticoid hormone agonist, in-
creased retrieval in the passive avoidance type of 
memory. It can be inferred that the mechanisms of 
GABAA receptors of the BLA may directly or indi-
rectly (through other neurotransmitter systems such 
as noradrenergic, cholinergic and opioidergic systems) 
be involved in the effect of dexamethasone on mem-
ory retrieval.  
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