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Abstract 
 

Introduction: There are many similarities between memory impairment in patients 
suffering from Alzheimer and animals treated by Cannabinoids. The agonists of 
Cannabinoid receptors affect on a variety of memories and leanings. The present study 
aims to investigate the role of α-1-adrenergic receptors in central region of amygdala in 
state-dependent learning induced by WIN55,212-2 (cannabinoid agonist) in rats. 

Methods: Cannulae placement was performed bilaterally in the central amygdala region 
of male rats. The rats were trained in the avoidance learning apparatus (step-down 
model). 24 hours after training, the memory was tested by measuring the lag time for 
stepping down the platform. 

Results: Injection of WIN55, 212-2 intra central amygdala (dose-dependent, 0.25, 0.5 
µg/rat) post-training reduced lag time/latency for stepping down. Injection induced 
amnesia was reversed by pre-test administration of the same dose of WIN55, 212-2. It is 
called state-dependent learning. Pre-test intra-central injection of α-1-adrenoceptor agonist, 
Phenylephrine (0.5, 0.25 µg/rat) improved post-training WIN55, 212-2 (0.5 µg/rat) intra 
central injection induced retrieval impairment. But intra injection of Prazosin (0.5 µg/rat) 
2 minutes before injection of WIN55, 212-2 (0.5 µg/rat) on the testing day inhibited 
WIN55, 212-2 state-dependent learning. 

Conclusion: The results suggest that α-1-adrenergic receptors in central region of 
amygdala are involved in learning which dependent on the state induced by WIN55, 
212-2. 
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Introduction: 

Pharmacological studies on memory are 
carried out hoping to investigate the behavioral 

findings accompanied by drug action mechanism; 
in order to clarify the neurobiological principles of 
memory (1). 
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Drug-related state-dependent learning is the 
behavior which is either expressed or trained in 
the presence of a drug. In the testing session 
reminding the behavior is improved in presence of 
the same drug.  

There are many models for assessing memory 
and learning in laboratory animals. Inhibitory 
avoidance learning model is widely applied in 
pharmacological studies to investigate long-term 
memory in which hippocampus and amygdala are 
involved (1,2).  

Studies show that amygdalae play a significant 
role in many aspects of addiction to abused drugs 
(3,4,15). The central amygdala - the biggest part 
of the amygdalae group–exerts its role in the 
processes- dependent to reward and learning via 
hippocampus and accumbens nucleus (6,19).  

Cannabinoids are compounds found in 
Cannabis plant and artificial analogues from 
derivatives of fatty acids particularly arachidonic 
acid. For thousands of years, hashish and 
marijuana – both derived from Indian Cannabis 
with scientific name of Cannabis sativa – have 
been used because of their pharmacologic effects 
and mimic mental states. Endocannabinoid system 
is involved in physiologic and pathophysiologic 
functions. Therefore, cannabinoids can be helpful 
in treating diseases both via reinforcement and 
activation of the system and via confronting and 
inhibition of the system (7). Some helpful 
solutions: include pain treatment, muscular 
multiple sclerosis, regulation of glutamate 
neurotransmitter and its function on memory, as 
neuro-protector in ischemia and brain trauma (via 
inhibition of glutamate release), regulation of 
dopamine neurotransmitter and its function in 
basal ganglia and its subsequent effect on 
movement disorders like Parkinson and function 
in depression (7,8). 

Cannabinoids present their physiologic effects 
through interaction with cannabinoid receptors 
including CB1 and CB2. CB1 cannabinoid 
receptors are widely expressed in brain and some 
of peripheral tissues, while CB2 are mainly found 
in immune system (9). Recent studies show that 
such receptors are also found in the brain of 
mammals (10). CB1 receptors are extensively 
expressed in the regions of brain which are 
involved in memory and learning such as 

amygdalae (11), hippocampus (12), cortex, basal 
ganglia and cerebellum (13).  

Both CB1 and CB2 are G protein-coupled 
receptors. The receptors are paired with inhibitory 
G protein and their activation results in inhibition 
of adenylate cyclase enzyme and prevention of 
intracellular cyclic adenosine monophosphate 
(cAMP) secondary pick formation (7,8). 

Moreover, CB1 receptors affect on various 
types of channels via Gi/o. Secondary peaks 
activated by CB1 receptors are not the same in 
different brain regions. As an example, CB1 
receptors inhibit adenylate cyclase and Ca2+ (N-
type) while increasing the activity of Mitogen-
Activated Protein (MAP) Kinase and K+ channels 
(A-type) (6,14). 

Behavioral studies show that cannabinoids 
directly interact with some neuro-transmitting 
systems (15). There are evidences showing 
cannabinoids reduce release of several 
neuromediators throughout the brain (16). 
According to the studies on amygdalae and 
hippocampus cannabinoids reduce release of 
various neurotransmitters like Glutamate, 
Acetylcholine, GABA, Opioids and Noradrenaline 
(16,17). 

Upward neurons in noradrenergic system 
originate from locus coeruleus. They then 
innervate different regions of brain including 
hippocampus and cortex. It has been shown that 
upward noradrenergic neurons - which innervate 
hippocampus and amygdala – are involved in 
behavioral compatibility, attention and facilitating 
the processing of new sensory stimuli (18,19).  

Noradrenaline released from this type of 
neurons functions via two groups of G protein-
coupled receptors: α andβ receptors (20,21). 
Based on the type of ligand, kinetic and effects, α 
receptors are divided into α-1-adrenergic and α-2-
adrenergic groups. It has been specified that α-1-
adrenergic receptors are post-synaptic (22). 

There are many documents reporting the 
involvement of noradrenaline and noradrenergic 
receptors in learning and memory (23). For 
example, infusion of noradrenaline into different 
regions of the brain including hippocampus (24) 
and amygdalae (25,26) reinforce memory 
formation. Moreover, the amount of noradrenaline 
increases in the brain after training. This has direct 
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relation with memory and retrieval. Although the 
mechanism under which norepinephrine influences 
the memory is not quietly clear, it seems that 
norepinephrine functions by adjusting transmission 
of glutamate messages in the synapse via 
activation of adrenergic G protein-coupled paired 
receptors (27).  

Earlier studies show that cannabinoids effect 
on the function of noradrenergic system (28,29). It 
has also been reported that destruction of locus 
coeruleus region significantly reduces catalytic 
effects of cannabinoids (30). Behavioral studies; 
moreover, suggest that there is a direct interaction 
between cannabinoids and neuro-transmitting 
systems like adrenergic system (23,31,34), 
nicotinic system glutamate system (32).  

This study aims to investigate the effects of 
intra- central Amygdala bilateral injection of α-1-
adrenergic receptor agonist and antagonist on the 
amnesia induced by WIN55, 212-2 and WIN55, 
212-2 state-dependent learning by the use of 
passive avoidance learning model. 

State-dependent learning is the phenomenon 
through which memory retrieval is most efficient 
when an individual is in the same sensation and 
physiologic state as they were at the time of 
memory formation (33-35). 
 

Methods: 

Animals 
Male rats (Wistar, 200-250 gr) supplied by 

Pasteur Institute of Iran were used for the 
experiments in this study. The rats were provided 
with enough food and water while kept for the 
study. The room temperature where the rats kept 
was 22±3 ºC. They were divided into eight-
member groups. 

The inhibitory (passive) avoidance learning 
apparatus (Step-down model) 

In this research, step-down inhibitory 
avoidance learning model was used. Rats had to 
step down a platform. The inhibitory (passive) 
avoidance learning apparatus (Step-down model) 
was a wooden box with dimensions: 40 X 30 X 
40 cm. There were steel rods (0.3 cm in diameter, 
with 1 cm space between the rods) as the floor of 
the apparatus. There was a wooden cubic platform 
(12 X 10 X 7 cm) on the left corner of the floor on 

the steel rod floor. The rods were connected to a 
stimulating device which transferred electrical 
shock to the rats under experiments via the rods. 
The advantage of using inhibitory avoidance 
learning model is that the induced learning and 
memory occur just by one experience – that is, 
electrical foot shock. In this model, the animal 
learns to avoid electrical foot shock by suppressing 
its innate tendency towards stepping down from 
the platform.  

 
Drugs 
Drugs used in this study were: WIN55, 212-2 

or Cannabinoid agonist (Tocris Bioscience, USA), 
Phenylephrine as α-1-adrenergic and Prazosin as 
antagonist α-1-adrenergic (Sigma, USA). Just 
before experiments Phenylephrine and Prazosin 
were solved in sterile physiological saline (0.9%). 
WIN55, 212-2 was solved in a vehicle solution 
containing 90% sterile physiological saline and 
10% Dimethyl sulfoxide. A drop of tween 80 oil 
was added to the solution. 

The surgery procedure and cannula placement 
in the amygdala region 

The rats were anesthetized by injection of 
Ketamine hydrochloride (50 mg/Kg) and Xylazine 
(4mg/Kg). After anesthesia the rats were placed in 
stereotaxic device. Then two guide cannulae (22G) 
were bilaterally placed in the central amygdala 
according to Paxinos and Watson (1997). The 
coordinates of the central amygdala was V = - 
8.1, ML = ± 4.2, AP = - 2.2 (36). 

The inhibitory avoidance method for studying 
memory in rats is performed in two consecutive 
days. On the 1st day – the training day – the 
animals are trained in the apparatus. On the 2nd 
day – testing day – memory retrieval in the trained 
rats is tested.  

 
Training phase 
In the inhibitory avoidance method (step-down 

model), each animal is placed on the cubic 
wooden platform for assessing memory. Then the 
latency (lag time) on the platform before stepping 
down is recorded. Just after stepping down (four 
feet on the steel bars grid floor), an electrical 
shock (0.5 mA, for 3 seconds) is delivered. Then 
the rat is taken out from the apparatus and is 
administered post-training infusion.  
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Test phase or examining the memory 
(retrieval) 

The testing session is performed 24 hours post-
training. Pre-test injection is administered 5 
minutes before the test. When there must be 2 
drug injections, the 2nd administration is 2 minutes 
after the 1st one. To examine the memory, a rat is 
placed on the platform in the apparatus like the 1st 
day. There is no electrical shock on this day. The 
latency (lag time) of the rat on the platform for 
stepping down is considered as a criterion for 
testing the memory. The cut-off for stopping on 
the platform is 300 seconds.  

Intracerebral injection 
In injection phase, after removing the lock 

from the cannula guide, 0.5 microliter (19,37) 
drug is administered in each cannula in 60 seconds 
by a 27 G dentistry needle via 22G cannula guide.  

 
 
Figure 1. Schematic adopted from Paxinos and 
Watson Atlas specifying the CeA region (A). 
Tissue section related to cannula placement in 

CeA region (B) 
 
Histology 
After euthanizing the animals with chloroform, 

methylene blue (1%, 0.5 µl) was injected into 
each cannula. Then the brain was extracted and 
placed in Formalin (10%) for 1 week. Cannula 
entrance was sectioned with a surgical blade. The 
section was examined under a loop microscope. 
To study the prepared tissue sections Paxinos 
Atlas was used. 

 
Statistical analysis 
Memory score in each group was recorded as 

mean±S.E.M. To determine the significant 
difference between the groups under experiments, 
one-way analysis of variance (ANOVA) and 

Tukey's test were used. The statistical application 
used in this was SPSS. To draw the charts MS-
Excel was employed. 

 
Drug treatments and experiments 
1. Experiment No. 1: The effect of WIN55, 

212-2 on passive avoidance memory 
There were 5 groups of rats in this experiment. 

Group 1 was administered 1 µl/rat saline intra- 
Central Amygdala (intra- CeA) immediately post-
training. Group 2 was administered 1 µl/rat 
vehicle intra- CeA. The other 3 groups were 
administered different doses (0.1, 0.25, 0.5 1 
µl/rat) of WIN55, 212-2 intra-CeA immediately 
post-training. On the test day, all the groups were 
administered 1 µl/rat saline intra-CeA 5 minutes 
before test. (Figure 2) 

2. Experiment No.2: The effect of intra-
CeA injection of WIN55, 212-2 pre-test 
on destructed memory by WIN55, 212-2 
on training day 

There were 4 groups of rats in this experiment. 
All the groups were administered 0.5 µl/rat 
WIN55, 212-2 immediately post-training. Group 1 
was administered 0.5 µl/rat saline intra-CeA 5 
minutes pre-test. Other groups were administered 
different doses (0.1, 0.25, 0.5 µl/rat) WIN55, 
212-2 intra-CeA 5 minutes pre-test. The inhibitory 
avoidance memory of the groups was examined 
and measured. Each column shows Mean ± 
S.E.M of the 8 rats in each group. (Figure 3) 

3. Experiment No. 3: The effect of pre-test 
intra-CeA injection of Phenylephrine on 
destructed memory byWIN55, 212-2 

There were 4 groups in this experiment. All 
the groups were administered 0.5 µl/rat WIN55, 
212-2 intra-CeA just post-training. Group 1 was 
administered 1 µl/rat saline intra-CeA 5 minutes 
pre-test. Other groups were administered different 
doses (0.25, 0.5, 1 µl/rat) of Phenylephrine intra-
CeA 5 minutes pre-test. 24 hours post-training (on 
test day), the inhibitory avoidance in different 
animal groups were examined and measured. 
Each column shows Mean ± S.E.M of the 8 rats 
in each group (Figure 4).  

4. Experiment No. 4: The effect of intra-
CeA Prazosin pre-test on WIN55, 212-2 
state-dependent learning 
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There were 4 animal groups in this 
experiment. 0.5 µl/rat WIN55, 212-2 was injected 
to the group members intra-CeAjust post-training. 
In group 1, 0.5 µl/rat WIN55, 212-2 was 
administered intra-CeA 5 minutes pre-test. Others 
were administered different doses (0.5, 1, 2 µl/rat) 
of Prazosin along with 0.5 µl/rat WIN55, 212-2 
intra-CeA. 24 hours post-training (on test day) 
inhibitory avoidance memory of the animal groups 
were examined and measured. Each column 
shows mean ± S.E.M. related to the 8 rats in 
each group. There were 8 animals in each group 
(Figure 5). 
 

Results: 

Experiment No. 1: The effect of WIN55, 212-
2 on passive avoidance memory 

One-way analysis of variance test showed that 
post-training WIN55, 212-2 (0.5 µl/rat) injection – 
in comparison with animals administered saline 
and vehicle – caused destruction of memory on the 
test day [F (3, 35) = 26.35, p ˂0.001]. 
Complement Tukey's test showed that post-
training administration of 0.5 µl/rat intra-CeA 
reduced latency (lag time) for stepping down the 
platform. In other words, it reduced memory in 24 
hours. So it can be concluded that WIN55, 212-2 
is able to induce amnesia (Figure 2). 

 

 
Figure 2. Effectiveness of post-training WIN55,212-

2 on inhibitory avoidance memory 
***P<0.001 is a comparision of saline group before test 

with salin after training 
 
Experiment No. 2: The effect of intra-CeA 

injection of WIN55, 212-2 pre-test on destructed 
memory by WIN55, 212-2 on training day 

To find out whether WIN55, 212-2 is able to 
cause state-dependent learning, the animals 
administered different doses of WIN55, 212-2 
pre-test and 0.5 µl post-training were examined. 
Complement Tukey's test showed that 
administration of 0.5 µl WIN55, 212-2 pre-test 
was able to inhibit memory destruction due to 
post-training injection. It led to state-dependent 
learning [F (4, 38) = 28.44, P<0.001] 

It can be concluded that it is possible to use 
such animal models to examine the effects of 
adrenergic factors on amnesia due to WIN55, 
212-2 and also WIN55, 212-2 state-dependent 
(Figure 3). 

 

 
Figure 3. The effect of post-training and pre-test 

WIN55, 212-2 injection on inhibitory avoidance 
memory 

*** P<0.001 in comparison with saline pre-test/WIN55, 
212-2 (0.5 µl/rat) post-training 

 
Experiment No. 3: The results of intra-CeA 

injection Phenylephrine pre-test on memory 
destructed by WIN55, 212-2 

This experiment was carried out to examine 
whether injection of different doses of 
Phenylephrine α-1-adrenergic effect on memory 
formation and learning or not. 

One-way analysis of variance test showed that 
sole injection of Phenylephrine pre-test to the 
animals administered which receive saline on 
training day caused no significant change for 
stepping down the platform latency (or memory) 
in comparison with the control group(saline/saline) 
[F (3, 26) = 0.27, p>0.05]. Moreover, one-way 
analysis of variance test revealed that 
administrating 0.25 and 0.5 µl/rat Phenylephrine 
pre-test by itself can improve amnesia caused by 
WIN55, 212-2 post-training. It can result in 
inhibition of amnesia due to WIN55, 212-2 [F (3, 
28) = 34.74, p<0.001]. Complement Tukey's 
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test showed that Phenylephrine (0.25, 0.5 µl/rat) 
can reverse memory destructed by WIN55, 212-2 
post-training (Figure 4). 

 
Figure 4: The effect of Phenylephrine on 

inhibitory avoidance memory and on avoidance 
memory destructed by WIN55, 212-2 

*** P<0.001, *P  ˂0.05 in comparison with saline pre-
test/WIN55, 212-2 (0.5µg/rat) post-training. 

 
Experiment No. 4: The effect of intra-CeA 

Prazosin pre-test on WIN55, 212-2 state-
dependent learning 

Prazosin is an antagonist for α-1 receptors. 
Blocking the action of such receptors induces 
several effects on central nervous system. 
Regarding the effects of Prazosin consumption on 
the processes of memory and learning, it has been 
suggested that it suppresses the processes. 
Considering the effects of Phenylephrine in the 
previous experiment, the effects of bilateral intra-
CeA administration on WIN55, 212-2 state-
dependent were examined.  

One-way analysis of variance test showed that 
administration of only Prazos pre-test led to no 
significant change in regard to latency for stepping 
down the platform (memory) in comparison with 
the control group (saline/saline) [F (3,28)=0.38, 
P>0.05]. 

Moreover, administration of 0.5 µg/rat 
Prazosin pre-test along with WIN55, 212-2 (0.5 
µg/rat) to the animals injected WIN55, 212-2 (0.5 
µg/rat) post-training led to amnesia. In fact, it 
inhibited WIN55, 212-2 state-dependent learning. 
One-way analysis of variance test showed that 
administration of Prazosin (0.5 µg/rat) pre-test 
reduced memory correction induced by WIN55, 
212-2 pre-test in the rats administered WIN55, 
212-2 (0.5 µg/rat) post-training [F (3, 28) = 8.93, 

p<0.001]. Complement Tukey's test revealed 
that Prazosin (0.5 µg/rat) can inhibit induced 
WIN55, 212-2 state-dependent learning (Figure 
5). 
 

 
Figure 5: The effect of Prazosin on inhibitory 
avoidance memory and WIN55, 212-2 state-

dependent learning 
**  P<0.01 in comparison with WIN55, 212-2 (0.5 µg/rat) + 

saline pre-test/ WIN55, 212-2 (0.5 µg/rat) post-training 

 

Conclusion: 

Memory sometimes assessed by changes in the 
animal's behavior after learning reflects many 
processes including acquisition, encoding, 
consolidation, retrieval and performance (38). 

Several pharmacologic studies reveal that CB1 
receptor agonist destructs memory and learning 
(39). CB1 receptors are in the membrane of pre-
synaptic axon terminals. In case of activation, they 
inhibit release of glutamate (40), acetylcholine (41) 
and noradrenaline (29) in the cells cultured in rat's 
hippocampus. Reduction of neuro-mediators 
release and inhibition of potential long term are 
due to inhibition of adenylate cyclase and 
Ca2++channel type N following CB1 in the 
nervous system (19, 23).  

WIN55, 212-2 probably reduces memory 
through one or several mechanisms: 1) The CB1 
receptors in the presynaptic axon terminals of 
gabaergic lead to reduced release of GABA. This 
causes over-activation of neurons and neural 
interactions (42); 2) Reduced release of GABA in 
parallel with reduced release of Cholecystokinin 
(CCK) (42). A wide range of studies show that 
inhibition of cholecystokinin receptor leads to 
memory destruction (43);3) Stimulating CB1 
receptor results in balanced release of other neuro-



Azam Moshfegh, et al                                         Involvement of α-1-adrenergic Receptors in Central Region of Amygdala 

Hormozgan Medical Journal, Vol 18, No.5, Dec-Jan 2014 357 

mediators in amygdalae (19, 23) and hippocampus 
– for instance Dopamine (44) and Acetylcholine. 
Release may either be increased or decreased (45); 
4) Activation of CB1 receptor probably leads to 
memory destruction via inhibition of stimulation 
transfer (46); 5) Acute administration of 
cannabinoid drugs in hippocampus reduces the 
general activities of neurons (47,48); 6) long-term 
use of cannabinoids results in either toxic 
neuropathy or decreased number of synapses and 
cells (49). Specifying the actual role of the above 
mechanisms in memory destruction requires 
further both molecular and behavioral studies.  

Injecting drug immediately post-training 
consolidates the drug effect further. It will be 
more effective on recall if the drug is administered 
pre-test as well (38). This study was supposed to 
investigate the effect of drugs on memory 
consolidation and recall. Based on this, 1) WIN55, 
212-2 was administered post-training to examine 
its effect on information consolidation, 2) WIN55, 
212-2 and α-adrenergic were individually or 
together administered pre-test to determine their 
effect on recall. 

Our findings show that administration of non-
elective cannabinoid receptors – WIN55, 212-2 –
intra-CeA post-training leads to inhibitory 
avoidance memory destruction on the test day. 
The results confirm studies reporting CB1 
receptor agonist causes induced amnesia (12, 19, 
23, 34, 50). There are researches reporting CB1 
receptor agonist influence different phases of 
memory processing like acquisition and 
consolidation (51). CB1 is extensively expressed 
in the regions of the brain involved in memory 
and recall such as amygdale, cortex, basal ganglia, 
hippocampus and cerebellum (13). Earlier studies 
have mostly investigated peripheral effects of 
cannabinoids (52,53). Hence, the main reason 
through which CB1 receptors cause the 
destruction of memory is not so clear.  

It was observed that destructed memory with 
administration of WIN55, 212-2 intra-CeA post-
training is completely inhibited by administration 
(intra-CeA) of the same dose and cause state-
dependent learning. Our previous studies showed 
that intracerebroventricular (ICV) administration 
of WIN55, 212-2 on the test day improved the 
destructed memory by ICV administration of 

WIN55, 212-2 on the test day (54). Similar 
response is also observed for Morphine (55), 
Lithium (56) and Histamine (57). It shows that 
WIN55, 212-2 produces a state in memory in 
which the animal is able to learn and recall a 
particular response. It is called state-dependent 
learning (34).  

State-dependent learning is a phenomenon 
caused by drugs which mimic mental states in 
human (58,59). In this phenomenon, retrieval of 
newly acquired information is possible whenever 
the animal is in the same state which it was at the 
time of information encoding (60). Such identical 
conditions is established by administration of the 
drug on the training day as well as on post day 
(61). In the last 30 years, this type of learning has 
been reported in different animal species and even 
humans for many drugs including stimulants of 
central nervous system, sedatives (tranquilizers), 
Opioids and hallucinogenic drugs. 

Various studies have reported Interaction 
between opioids and cannabinoids. They showed 
that pre-test administration of morphine is able to 
reverse memory destructed by WIN55, 212-2 on 
the training day (54). There are also reports 
showing α-1-adrenergic receptor are involved in 
emergence of morphine withdrawal symptoms 
(62). These studies show that receptors ofα-1 
antagonist (Prazosin) systemic symptoms of 
opioids withdrawal. The effects of cannabinoids 
are similar to opioids from many aspects. 
Cannabinoids like opioids have analgesic and anti-
inflammatory effects, suppress of immune system 
as well as amnesia induction.  

It is good to note that both cannabinoid and 
opioid receptors are in pre-synaptic membrane and 
lead to reduction of neuro-mediators release; both 
have similar effects and overlapping in many 
regions of the brain. For example, inhibition of 
adenylate cyclase, inhibition of Ca2+ channel, 
activation of K+ channel. On the other hand, 
cannabinoid and opioid responses are respectively 
inhibited by cannabinoid and opioid antagonists 
(63). Therefore, it is possible that similar systems 
are involved for both cannabinoids and opioids. 

There are similarities between cannabinoid and 
opioid systems (64). Earlier studies show that 
morphine establishes state-dependent learning (61, 
65) and morphine induced state-dependent 
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learning interacts with neuro-transmitting systems 
like dopamine (66), histamine (67), acetylcholine 
(68), glutamate (69), GABA (70), cannabinoids 
(71) and nitric oxide (65). Previous studies have 
also shown that α-2-adrenergic drugs are involved 
in state-dependent learning induced by morphine 
in inhibitory avoidance learning (72). Oh the other 
hand, it has been shown that pre-test morphine 
administration is able to reverse the memory 
destructed by cannabinoids (71). According to the 
above evidences and other findings (34), it is 
possible that the effects of cannabinoids to be 
mediated via adrenergic receptors. 

Upward neurons in noradrenergic system 
originate from locus coeruleus. They then 
innervate different regions of brain including 
hippocampus and cortex. It has been shown that 
upward noradrenergic neurons - which innervate 
hippocampus and amygdala – are involved in 
behavioral compatibility, attention and facilitating 
the processing of new sensory stimuli (18,19).  

Therefore, we investigated the effects of pre-
test α-1-adrenergic receptors antagonist on 
inhibitory avoidance memory destructed by 
WIN55, 212-2 and also the effects of the α-1-
adrenergic on state-dependent learning induced by 
WIN55, 212-2. 

The memory destructed by WIN55, 212-2 
post-training administration. In other words, the 
results confirm studies reporting the involvement 
of adrenergic system (73) and α-adrenergic 
receptors (66) in regulation of memory. Lots of 
researches show that administration of adrenergic 
agonists like epinephrine (74), amphetamine (75) 
and phenylephrine (76) improve memory in the 
models which have defects in memory. Moreover, 
phenylephrine as aα-1-adrenoceptor improves 
avoidance memory via α-1 post-synaptic receptors 
(77).  

Earlier studies have also shown that α-1-
adrenergic agonist – phenylephrine – improves 
memory retrieval (78). Pharmacologic researches 
show that α-1-adrenergic receptors are mostly 
post-synaptic (76). α1receptors stimulate 
polyphosphoinositide hydrolysis resulting in 
development of Inositol 1,4,5-trisphosphate (IP3) 
and Diacylglycerols (DAG). Gq-from G protein 
family – pairs α1 receptors with phospholipase C. 
IP3 stimulates the release of Calcium stored in cell 

reservoirs. This increases the cytoplasmic 
concentration of free Calcium and activation of a 
variety of Calcium-dependent protein kinases. The 
activation of the receptors can increase 
intracellular (cytoplasmic membrane) flow of 
Calcium.IP3 is consecutively phosphorylated 
which ultimately develops free inositol. DAG 
activates protein kinase C which changes the 
activity of many signaling pathways. Moreover, α1 

receptors activate signal transduction pathways. 
Studies show that α-1-adrenergic influence that 

storage process of memory by effecting on the 
function of β-adrenergic receptors (79, 
80).Although the mechanism through which 
adrenergic effects on memory process is not quite 
clear, it seems that this is related to the ability of 
the system for adjusting the transmission of 
glutamate signals in the synapse. The adjustment 
occurs through coupling of G-proteins with 
adrenergic receptors (79).  

In this study, we also investigated the effect of 
pre-test administration of α-1 antagonist receptors 
(Prazosin in presence and absence of WIN55, 
212-2) on memory.  

The results show that Prazosin reduces 
improvement of memory induced by WIN55, 
212-2 on the test day in the animals which were 
administered WIN55, 212-2 (0.5 µg/rat) post-
training and pre-test. 

In fact, Prazosin significantly inhibits WIN55, 
212-2 state-dependent learning. The results may 
imply that WIN55, 212-2 state-dependent learning 
is mediated in Amygdalae via alpha adrenergic 
receptors. Reduction of memory by Prazosin in 
our study confirms earlier studies reporting 
Prazosin diminishing memory acquisition (80,81). 
Other studies report that administration of 
Prazosin to stria terminalis (pre or post-training) 
leads to destruction of acquisition or spatial 
memory retrieval while administration of 
norepinephrine to this region improves acquisition 
or memory retrieval. Simultaneous administration 
of Prazosin attenuates the reinforcing effect of 
norepinephrine (77). A research has shown that 
ICV administration of Prazosin post-training leads 
to memory reduction in rats (82).  

At the end, there are two effects raising this 
possibility that WIN55, 212-2 state-dependent 
learning is related to the activation of alpha 
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adrenergic receptors in the central amygdala 
region: 1) reinforcing effects of α-1-adrenergic 
receptor agonists on memory when accompanied 
by WIN55, 212-2, and 2) the destructive effects of 
α-1-adrenergic receptor agonists on memory when 
accompanied by WIN55, 212-2. Further 
experiments are required for clarification of the 
actual interaction mechanismbetween WIN55, 
212-2 and α-1-adrenergic receptors. 
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