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a b s t r a c t

Long-lasting memories of aversive or stressful events have been associated with the noradrenergic sys-
tem activation. Alpha-1-adrenergic antagonist prazosin has successfully been used in the last years to
treat anxiety disorders related to aversive memories recurrence in humans. Contextual conditioned fear
extinction paradigm in rats has been used to better understand the mechanisms involved in the atten-
uation of defensive behaviour after a traumatic situation. Here we investigated the effects of systemic
administration of prazosin in the fear extinction processes. Rats were previously paired in a contextual
fear conditioning box (1 footshock, 1 mA, 2 s duration), further returning to the same box during three
consecutive days receiving an intraperitoneal injection of vehicle or prazosin 30 min before (acquisition
of extinction; 0.1 or 0.5 mg/kg) or immediately after (consolidation of extinction, 0.5 or 1.5 mg/kg) each
extinction session (10 min). On the last day, all animals were re-exposed undrugged to the apparatus.
edial prefrontal cortex
reezing behaviour

Since the medial prefrontal cortex (mPFC) has been described as a key structure in the modulation of
conditioned fear extinction, the effects of intra-mPFC microinjection (0.2 �l per side) of vehicle (PBS) or
prazosin (0.75 or 2.5 nmol) in the acquisition of fear extinction (10 min before extinction session 1) were
further evaluated. Subjects were drug-free re-exposed to the same box in the next day (extinction session
2). The percentage of freezing time was used as the memory retention parameter. The results showed
that either systemic or intra-mPFC-alpha-1-adrenergic blockade increased the freezing time in the last

sting
extinction sessions, sugge

. Introduction

Post-traumatic stress disorder (PTSD) is a psychological condi-
ion costing billions of dollars for taxpayers in the United States
ach year [76]. This anxiety disorder associated with previous expo-
ure to different traumas such as wars, catastrophes, sexual abuse
nd terrorism [28], extraordinary stress experiences may result in
ersistent aversive memories, which can reverberate for decades
26].

Therapies to reduce the PTSD-signs have been based on the
ttempt to extinguish aversive memories, abolishing all the present
ymptoms [69]. Most of the knowledge about the mechanisms

nvolved in fear extinction comes from classical-fear-conditioning
tudies, initially proposed by Pavlov [51] and widely used in lab-
ratory animals for research groups worldwide [17,20,58]. In this
aradigm, a neutral stimulus (usually a sound, an odor, a light or
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the environment) is paired with an aversive unconditioned stimu-
lus (US; footshock in the paws) able to induce defensive responses.
After effective pairings, the neutral stimulus acquires aversive
properties and becomes a conditioned stimulus (CS) which alone
elicits the same responses observed when the US was present.
Repeated exposure to the CS in the absence of the US results in
reduced occurrence of the conditioned response, which over time
begins to fade in a phenomenon known as extinction [47,82]. This
reduction in defensive behaviour toward the repeated conditioned
stimulus presentation in rodents has been described as an analogue
of many cognitive behaviour therapies widely used to treat anxiety
disorders in humans [14,24,40]. Thus, associating pharmacother-
apy with extinction intervention could be a promising therapeutic
to PTSD patients [41].

It has been suggested that memories of stressful events – as
occurs in both PTSD for humans or fear conditioning for rodents –
are stored more lively and permanently than neutral or trivial ones,

and can persist after a single experience [2,4,31]. Several studies
have suggested that this influence in the acquisition/consolidation
of intense emotional memories is mediated by the cathecolamine
norepinephrine in humans [10,23,73] and rodents [1,22,43]. In fact,
clinical studies indicate that patients with PTSD have tonically

http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:adepadua@farmaco.ufsc.br
dx.doi.org/10.1016/j.bbr.2010.03.014
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levated central nervous system concentration of norepinephrine,
critical effector of the mammalian stress response (for review

ee [78]). In addition, an increased activity of the locus coeruleus,
he main noradrenergic nucleus of the brain, has been observed
n several different species after fearful or high-stress situations
9]. Consequently, adrenergic agents that inhibit norepinephrine,
uch as the alpha-1-adrenergic antagonist prazosin, have been
sed in the last few years to treat anxiety disorders that involve
versive memory recurrence, such as PTSD [7,21,42,59,80]. The
fficacy of prazosin in reducing trauma-related nightmares and
leep disturbances associated with PTSD, along with the favor-
ble adverse-effect profile and the low cost, has made this drug
promising agent for the treatment of this anxiety disorder [79].
t this point, evaluating the effects of prazosin in the contex-

ual fear conditioning extinction in rodents can supply insights for
nderstanding the neurobiological, neuroanatomical and pharma-
ological mechanisms underlying the therapeutic efficacy of this
ompound in humans.

In the present study, we start investigating the effects of
lpha-1-adrenergic blockade in the acquisition or consolidation
f contextual conditioned fear extinction by systemically inject-
ng different doses of prazosin 30 min before, or immediately
fter, each extinction session. A cardiovascular assay protocol was
sed to confirm that prazosin doses based on literature were

n fact effective in antagonizing the alpha-1-adrenergic receptor,
nd to eliminate potential cardiovascular interferences over basal
eart rate and blood pressure measurement occasioned by acute
r repeated prazosin administration. Finally, we investigated the
edial prefrontal cortex (mPFC) as a feasible neuroanatomical sub-

trate mediating the alpha-1-adrenergic modulation of contextual
ear extinction, since this region has been widely described as a
ritical structure in memory circuits for fear extinction [29,33,53].

. Materials and methods

.1. Subjects

Male Long-Evans Hooded rats (n = 105) weighing 300–360 g, aged 12–16 weeks
t the time of experiments were obtained from the Universidade Federal de Santa
atarina. They were housed in polypropylene cages (50 × 30 × 15 cm) in groups of
hree or four and maintained in a 12 h dark/light cycle (lights on in 7:00 a.m.), and
n a controlled temperature (23 ± 1 ◦C) room with free access to water and food. All
rocedures were approved by the Animal Ethics Committee (23080.006118/2004-
6/UFSC) and were carried out in accordance with Brazilian Society of Neuroscience
nd Behavior Guidelines for Care and Use of laboratory animals.

.2. Drugs

Prazosin hydrochloride (Sigma–Aldrich, USA) was dissolved (0.1, 0.5 and
.5 mg/ml) in distilled water – which, alone, served as a vehicle control – and admin-

stered via intraperitoneal (IP) in an injection volume of 1 ml/kg, 30 min before
acquisition of extinction) or immediately after (consolidation of extinction) extinc-
ion sessions 1, 2 and 3.

The systemic doses of prazosin (0.1, 0.5 and 1.5 mg/kg) were selected based
n previous studies [67,74]. In cardiovascular assays, the doses of prazosin used
ere chosen according to the following assumptions: (1) in acute injection the

ame effective dose found in the acquisition of extinction (0.5 mg/kg) was used; and
2) in repeated injections, the higher dose used in the consolidation of extinction
1.5 mg/kg) was employed. The systemic doses of phenylephrine (Sigma–Aldrich,
SA; 0.6, 2 or 6 �g/kg) were chosen based on pilot studies.

Xilazine (5.0 mg/kg IP, Anasedan® 2%, Vetbrands, Brazil) and ketamine (75 mg/kg
P, Francotar® 10%, Virbac, Brazil) were used as anesthetics to the stereotaxic surgery
nd cardiovascular analysis. Heparin 30 IU [diluted in a saline sterile buffered solu-
ion with: (mM) NaCl 137, KCl 2.7, KH2PO4 1.5, NaHPO4 8.1; pH = 7.4] was used as

nticoagulant for cardiovascular assays.

For intra-mPFC microinjection, prazosin (Sigma–Aldrich, USA) was freshly dis-
olved in phosphate-buffered saline (PBS), which alone served as a vehicle control.
correction in the pH (7.4) and a moderate sonic agitation process allowed a satis-

actory homogeneity. Since prazosin in higher concentrations precipitate after some
inutes, it was necessary to agitate it promptly before injections. Bilateral infusion

f prazosin (0.75 or 2.5 nmol per side) or PBS was performed 10 min before testing
n a volume of 0.2 �l per side, based on previous report [74].
ain Research 211 (2010) 89–95

2.3. Cardiovascular assay

Subjects were anesthetized with xilazine and ketamine, and 30 UI of heparin was
administered through a needle inserted in the left femoral vein to prevent clot for-
mation. A polyethylene catheter (PE-10), previously implanted into the right carotid
artery, was connected to a pressure transducer coupled to acquisition hardware and
software (PowerLab 8/30 running Chart 5.4; AD Instruments), enabling the heart rate
and mean arterial pressure valuation.

2.4. Contextual conditioned fear chamber

Contextual fear conditioning was performed in a chamber (35 × 20 × 30 cm) con-
structed with side walls of aluminum and a front of clear plexiglas. The grid floor of
the apparatus, shaped with bars of stainless steel (9 mm spaced), was connected to
a shock generator (Insight, Ribeirão Preto, SP, Brazil) from which footshock was pro-
grammed and delivered. Conditioning occurred in a sound-attenuating room with an
illumination level of 100 lux. The chamber was cleaned with 10% alcohol–water solu-
tion after each rat exposure and dried thoroughly. A video camera system, located
50 cm to the front wall of the apparatus and joined to a DVD recorder, enabled a
trained observer to score the time percentage of freezing behaviour (characterized
as the complete absence of movement except those for respiration), which was used
as a memory retrieval index.

2.5. Surgery

Rats were anaesthetized with xilazine (5.0 mg/kg) and ketamine (75 mg/kg) via
IP and positioned in a stereotaxic frame. A longitudinal incision was made on the
scalp and the bone was then exposed. Two stainless screws were fixed on the
skull using a screwdriver. Two stainless steel guide cannulas (diameter = 0.7 mm;
length = 11 mm) were stereotaxically implanted with the cannula tips aimed to
mPFC [coordinates: anteroposterior, +3.0 mm from bregma; laterolateral, ±0.6 mm
from midline; dorsoventral, −1.8 mm from skull surface [52]. The screws and the
cannulas were anchored to the skull with dental cement. Rats were allowed 7 days
to recover from surgery.

2.6. Intracerebral injection

Prazosin or PBS microinjections were bilaterally infused 10 min before acqui-
sition of extinction. Two stainless steel needles (14 mm) were connected by
polyethylene (PE10) tubing to a Hamilton microsyringe (5 �l), and inserted in the
guide cannulas while the rat was kindly restrained. An infusion pump (Insight,
B12000 model) was used to assure the bilateral microinjections over a 20-s time
period (0.6 �l/min). The needles were kept within the cannulas for an additional
20 s after drug infusion, to maximize the diffusion and to prevent backflow of drug
into the cannulas. All drug solutions were freshly prepared immediately before each
experiment.

2.7. Procedures

2.7.1. Cardiovascular measurement
Anaesthetized rats were properly connected to cardiovascular transducers and

an acute intraperitoneal injection of saline (N = 4) or prazosin 0.5 mg/kg (N = 4) was
performed to evaluate possible baseline cardiovascular function effects. This dose
was selected because it was the effective dose injected before the acquisition of
extinction. Changes in heart rate and mean arterial pressure were registered and
compared with baseline values. This analysis was important to exclude interferences
in locomotor activity resulting from hypotension, during the extinction sessions.
Increasing doses of the alpha-1-adrenergic agonist, phenylephrine (0.6, 2 or 6 �g/kg)
30 min after prazosin 0.5 mg/kg, was performed to confirm the alpha-1-adrenergic
receptor blockade.

The 1.5 mg/kg prazosin dose (N = 5) was infused in three consecutive days and
in the fourth day, simulating the drug-free session in behavioural experiments, the
possible residual presence of the drug was evaluated by injecting crescent doses of
phenylephrine. The highest dose of 1.5 mg/kg was selected, in this case, to simulate
the treatment regimen adopted during the extinction process, excluding a possible
carryover prazosin effect in the drug-free session.

2.7.2. Evaluation of systemic blockade of alpha-1-adrenergic receptor on the
acquisition and consolidation of contextual conditioned fear extinction

Rats were allocated in an adjacent room 30 min before conditioning. They
were transferred to the experiment room and allowed to explore the condition-
ing chamber for 1 min. After this time, subjects received one footshock (1 mA, 2 s)
and were kept in the apparatus for an additional 1 min. In the next day (extinc-

tion session 1), rats were replaced in the conditioning chamber and were randomly
divided to receive prazosin or the vehicle 30 min before (acquisition of extinction)
or immediately after (consolidation of extinction) this session. Rats received the
same treatment and returned to the apparatus during two more consecutive days
(extinction sessions 2 and 3). On the fourth day (extinction session 4), subjects were
replaced undrugged in the conditioning box to evaluate the behavioural responses
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Fig. 1. Mean arterial pressure (MAP) dose–response curve of phenylephrine (0.6, 2,
6 �g/kg, IV, 30 min after) in anaesthetized rats pre-treated with prazosin in acute
F.H.M. Do-Monte et al. / Behavio

n the absence of possible drug effects. All extinction sessions lasted 10 min dur-
ng which the time percentage of freezing behaviour was registered and compared
etween them. Extinction index was represented by the percentage of freezing
eduction from the first to the last extinction session, and was calculated by the
ollowing expression: the total time of freezing behaviour in the first extinction ses-
ion, minus the total time of freezing on the last extinction session, divided by the
otal time of freezing in the first extinction session.

.7.3. Changes in the acquisition of contextual conditioned fear extinction after
lpha-1-adrenergic blockade within the mPFC

Rats were context-paired as previously described in the systemic experiments.
n the next day (extinction session 1), subjects were randomly divided to receive
bilateral microinjection of prazosin (0.75 or 2.5 nmol/side) or PBS within the
PFC 10 min before returning to the conditioning chamber. They were drug-free re-

xposed to the apparatus after 24 h (extinction session 2) and the time percentage
f freezing behaviour was registered again. Both extinction sessions lasted 10 min.

After experiments, rats were deeply anesthetized with chloral hydrate
150 mg/kg) and microinjected, with the same needle previously used, with Evan
lue dye (0.2 �l, 3%) to stain the microinjection site placement. They were perfused
ranscardially with saline (NaCl 0.9%) and paraformaldehyde (10%) during 10 min
ach. Brains were removed from the skulls and stored in little vials filled up with 4%
araformaldehyde solution (wt/vol) after decapitation. At least 24 h before section-

ng, brains were transferred to a 30% sucrose solution (wt/vol) for cryoprotection.
cryostat (Leica CM1850) was used to cut brains into coronal slices (50 �m). The

ections were placed on gelatin-coated slides and the microinjection sites delimited
y Evans Blue dye were examined in an optical microscopy. Only animals with dye
icroinjections bilaterally located in the mPFC (infralimbic and ventral border of

relimbic cortex) were included in the statistical analysis.

.8. Statistical analysis

Student’s t-test for dependent samples was used to compare mean arterial pres-
ure increases following phenylephrine, before and after prazosin acute treatment.
tudent’s t-test for independent samples was used to detect cardiovascular mea-
urement differences between the groups treated with saline or prazosin during
hree consecutive days. ANOVA repeated measures followed by Duncan’s test was
sed to compare the effects of repeated systemic or intra-mPFC administration of
razosin or the vehicle/PBS on the mean time percentage of freezing behaviour
uring extinction sessions. One-way ANOVA followed by Duncan’s test was used to
valuate differences in the extinction index between the groups. The level of statisti-
al significance adopted was p < .05. All analyses were performed using the Statistica
oftware package (Version 8.0, StatSoft® , Tulsa, USA).

. Results

.1. Analysis of cardiovascular parameters after acute or repeated
dministration of prazosin

As illustrated in Fig. 1A, administration of prazosin, 0.5 mg/kg,
hirty min before was able to prevent (p < .05) increases in MAP
nduced by crescent doses of phenylephrine (0.6, 2, and 6 �g/kg),

ith no changes in basal HR and MAP (Fig. 1A, inset). These findings
ndicated that doses and the injection interval regimen were con-
istent with behavioural studies. In order to test for drug carryover
ffect, three repeated days of prazosin treatment (1.5 mg/kg) did
ot alter cardiovascular parameters nor prevent vasoconstriction

nduced by phelylephrine administration in the fourth day, dis-
arding residual prazosin presence during last extinction session
Fig. 1B).

.2. Effects of systemic prazosin treatment in the acquisition and
onsolidation of contextual conditioned fear extinction

ANOVA repeated measures (treatment vs. extinction session)
evealed a significant effect for the factor treatment [F(2,2) = 3.88,
< .05] and extinction session [F(3,66) = 52.0, p < .00001] in the
arameter time percentage of freezing behaviour in rats sys-
emically injected with vehicle, prazosin 0.1 mg/kg or prazosin

.5 mg/kg during three repeated days, 30 min before the acquisi-
ion of contextual conditioned fear extinction. Subsequent analysis
sing Duncan’s post hoc test revealed a significant (p < .05) reduc-
ion in the percentage of freezing time from the first to the second
xtinction session in the vehicle-group, but not in the prazosin-
(A; 0.5 mg/kg, IP, 30 min before) or repeated (B; 1.5 mg/kg, three consecutive days)
regimen. Inset represents MAP and heart rate basal values (mean ± SEM) before and
after prazosin pre-treatment. Data are expressed as mean + SEM. Student’s t-test.
(N = 4–5 per group). *p < .05 compared to respective group before treatment.

treated groups (Fig. 2A). In addition, an increased percentage
(p < .05) of freezing time behaviour during the third extinction
session was observed in the group administered with prazosin
(0.5 mg/kg) when compared to vehicle-control group in the same
session (Fig. 2A). In fact, ANOVA followed by Duncan’s post hoc
test revealed a significant reduction [F(2,22) = 3.0; p < .05] in the
extinction index parameter in this group when compared to
vehicle-control group (Fig. 2B).

ANOVA performed on data obtained from the group receiv-
ing systemic prazosin treatment immediately after the extinction
sessions showed a significant effect only for the factor extinction
session [F(3,90) = 47.08, p < .00001]. Duncan’s post hoc test revealed
a decrease in the percentage of freezing time behaviour from the
first to the third or fourth extinction sessions in all groups indepen-
dently of the treatment (Fig. 3A). No statistical differences were
detected in the extinction index parameter among the distinct
groups (Fig. 3B).

3.3. Effects of intra-mPFC microinjection of prazosin in the
acquisition of contextual conditioned fear extinction
Overall ANOVA comparing the effects of intra-mPFC microin-
jection of PBS, prazosin 0.75 or prazosin 2.5 nmol/side, 10 min
before extinction session 1, showed a significant effect for the factor
extinction session [F(1,28) = 18.60, p < .0001] and for the interaction
between treatment vs. extinction session [F(2,28) = 6.64, p < .01]. Post



92 F.H.M. Do-Monte et al. / Behavioural Brain Research 211 (2010) 89–95

Fig. 2. (A) Effects of repeated injection of prazosin (0.1 or 0.5 mg/kg, IP) or vehicle
during acquisition of extinction (30 min before extinction sessions 1, 2 and 3) on
the percentage of freezing behaviour in the extinction sessions. *p < .05 compared
to respective group in the extinction session 1; #p < .05 compared to vehicle-control
group in the same extinction session. (B) Extinction index represented by the
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Fig. 3. Percentage of freezing time behaviour after repeated injection of prazosin
(0.5 or 1.5 mg/kg, IP) or vehicle during consolidation of extinction (immediately after
extinction sessions 1, 2 and 3). (B) Extinction index represented by the percentage of
reduction in the freezing behaviour time from the first to the last extinction session.
ercentage of reduction in the freezing behaviour time from the first to the last
xtinction session. *p < .05 compared to vehicle-control group. ANOVA followed
y Duncan’s post hoc test. Data are expressed as mean + SEM (N = 7–9 per group).
rrows indicate the moment of prazosin injection.

oc comparisons revealed a significant (p < .05) decrease on the per-
entage of freezing behaviour from the first to the second extinction
ession in the PBS-control group, indicating that two extinction
essions of 10 min (24 h intercalated) were enough to initiate con-
extual fear conditioning extinction (Fig. 4A). This reduction in
reezing behaviour was not observed when the subjects were

icroinjected with prazosin 0.75 nmol/side before extinction ses-
ion 1 (Fig. 4A). In fact, ANOVA followed by Duncan’s post hoc
est revealed a significant reduction (F(2,28) = 6.29; p < .01) in the
xtinction index in this group when compared to PBS-control group
Fig. 4B).

. Discussion

The present study demonstrated that systemic infusions of the
elective alpha-1-adrenergic antagonist, prazosin, before (but not
mmediately after) extinction sessions were able to impair the
xtinction of contextual conditioned fear in rats. This disruption in
he acquisition of fear extinction was also observed when subjects
ere microinjected with prazosin directly into the mPFC, a neu-

oanatomical site significantly related to extinction mechanisms

for review see [57]).

Clinical evidences in humans have shown the effectiveness
f prazosin in treating and managing the symptoms of PTSD
21,60,79–81]. These beneficial effects of prazosin seems to be
elated with its ability in inhibiting adrenergic activity, since symp-
*p < .05 compared to respective group in the extinction session 1. ANOVA followed
by Duncan’s post hoc test. Data are expressed in mean + SEM (N = 9–12 per group).
Arrows indicate the moment of prazosin injection.

toms of this disorder have been associated with an increased central
nervous system noradrenergic activity [15]. Based on this infor-
mation, the present study was undertaken with the hypothesis
that administering prazosin prior to consecutive re-exposure to the
aversive context should decrease defensive behaviour and enhance
acquisition of contextual conditioned fear extinction in rats.

The criterion used in the present study to determine the occur-
rence of extinction was the significant reduction in the freezing
response in a determined session when compared to the first
extinction session according to previous studies in the literature
[6,49]. Based on this criterion, pilot studies performed in our lab-
oratory have shown that three extinction sessions, of 10 min each,
were sufficient to reduce the occurrence of freezing in rats. There-
fore, an additional day (fourth extinction session) was performed
to evaluate the recall of extinction in the absence of drug effects.

Surprisingly, present findings were contrary to our expectation.
Repeated systemic injections of prazosin (0.5 mg/kg) increased the
percentage of freezing behaviour along the extinction sessions and
reduced the extinction index when compared to vehicle-control
group. It means that while the percentage of freezing behaviour
was significantly reduced from extinction session 1 to extinction
session 4 in both vehicle-control group and prazosin 0.1 mg/kg, no
changes were visualized on this parameter in the group treated
with prazosin 0.5 mg/kg, indicating impairment in the acquisition

of fear extinction.

Although prazosin treatment (0.5 mg/kg) before extinction ses-
sions was effective in disrupting the fear extinction process, equal
dose of this same compound infused after each extinction session
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Fig. 4. (A) Percentage of freezing time behaviour after intra-mPFC microinjection
of prazosin (0.75 or 2.5 nmol/side) or PBS during acquisition of extinction (10 min
before extinction session 1). *p < .05 compared to respective group in the extinction
session 1; (B) extinction index represented by the percentage of reduction in the
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reezing behaviour time from the first to the last extinction session. *p < .05 com-
ared to PBS-control group (ANOVA followed by Duncan’s post hoc test). Data are
xpressed in mean + SEM (N = 9–12 per group). Arrow indicates the moment of drugs
nfusion.

consolidation of extinction) failed to interfere with this process.
revious studies have been shown that process involving consolida-
ion mechanisms exhibit a critical time window in which different
eurotransmitter and brain structures are required [38,70]. Thus,

n the present study, we tested a higher dose of prazosin (1.5 mg/kg
P), which could extend the time for action of this antagonist,
avoring the occurrence of carryover effects. However, compared
o control group, no effects on freezing behaviour were observed
gain.

Since systemic injections of prazosin during acquisition of
xtinction were performed before each extinction session, the
ncreased percentage of freezing visualized in the group treated

ith prazosin 0.5 mg/kg could suggest both interferences in the
pontaneous locomotor activity or anxioselective effects of this
ompound. However, previous studies involving a behavioural
attern monitor for locomotion evaluation [74] or other distinct
odels of anxiety [13,16,45] demonstrated that doses of prazosin

imilar with those used in the present study neither altered the
ocomotor activity nor the defensive response in rats. Moreover,
he increased freezing behaviour visualized in the prazosin-treated
roup was also observed during the extinction session 4, when
ats were drug-free re-exposed to the apparatus. This suggests
hat, rather than locomotor deficits or anxioselective effects,
he alpha-1-adrenergic receptors blockade seems to be involved
ith cognitive mechanisms responsible by the persistence of fear

esponses.
Considering that the alpha-1-adrenergic receptors blockade can
till induce changes in the cardiovascular pattern, we investigated
he effects of acute administration of prazosin in the basal values
f HR and MAP. Using anaesthetized rats we demonstrated that
razosin injection (0.5 mg/kg IP; 30 min before) was able to block
he MAP increase induced by crescent doses of phenylephrine. This
ain Research 211 (2010) 89–95 93

finding suggest that the dose and the interval of injection adopted
during the acquisition of extinction were effective in antagonize the
alpha-1-adrenergic receptor, without affecting basal cardiovascu-
lar values. This blockade of vasoconstrictor effects of phenylephrine
was not visualized when subjects were repeatedly treated with pra-
zosin (1.5 mg/kg IP) during three consecutive days and drug-free
tested in the fourth day, which excludes any possibility of residual
drug presence in significant quantities during the last extinction
session.

Although this is an exclusive study evaluating the participation
of alpha-1-adrenergic receptors in fear extinction, other studies
have shown an essential role for these receptors in different tests
involving mnemonic processes [23,56,71]. Riekkinen et al. [67]
described impairment in the acquisition of spatial memory in rats
pre-treated with prazosin. On the other hand, Manion et al. [36]
reported that administration of prazosin before exposure to stress-
ful events was able to blockade the subsequent exaggeration of
acoustic startle response in rats. Both findings indicate that alpha-
1-adrenergic receptors are essential to mechanisms of learning.
In this case, since fear extinction has been suggested as a new
inhibitory learning [8], these mentioned studies could support
the idea that systemic alpha-1-adrenergic blockade impairs fear
extinction mechanisms.

In a subsequent study, the mPFC as a potential neural sys-
tem mediating the effects of alpha-1-adrenergic receptors in fear
extinction, was evaluated. The mPFC, as previously mentioned, has
been widely described as a fundamental structure in fear extinc-
tion mechanisms [77]. This structure receives substantial afferent
connections of noradrenergic fibers from locus coeruleus, the main
noradrenergic nucleus of the brain [68], and presents a substan-
tial concentration of alpha-1-adrenergic receptors [19,54]. Thus,
intra-mPFC microinjection of alpha-1-adrenergic antagonist pra-
zosin was used to evaluate the involvement of these receptors in
the acquisition of fear extinction.

Previous studies carried out in our laboratory have shown that
while rats systemically treated with vehicle need approximately
three extinction sessions to extinguish, PBS-control group, previ-
ously submitted to stereotaxic surgery procedures, spent only two
extinction sessions of 10 min to exhibit a significant decrease in
the time percentage of freezing. In fact, this finding was confirmed
in the present study where PBS-control group, and also the group
treated with prazosin 2.5 nmol/side, demonstrated a significant
reduction in the percentage of freezing behaviour from the first to
the second extinction session. In line with systemic treatment, local
microinjection of prazosin (0.75 nmol/side) into the mPFC reduced
the extinction index parameter when compared to control-subjects
microinjected with PBS, indicating a disruption in the acquisition
of fear extinction.

There are some evidences showing that the mPFC modulates
the cardiovascular components of the defensive behaviour in a
contextual fear paradigm [64,66,84]. While the chemical stim-
ulation of the mPFC was able to elicit a MAP and HR increase
[83]; the pharmacological temporary inactivation of this structure
reduced these parameters during a contextual retrieval session
[66]. These changes in the cardiovascular parameters after mPFC-
excitotoxic lesion [25] or mPFC-alpha-1-adrenegic blockade [65]
were not observed in non-stressed rats, reinforcing the idea that
this structure has no tonic influence on cardiovascular activity.
For this reason, and also because intra-mPFC infusion of prazosin
did not interfere with freezing behaviour in the first extinction
session, changes in the cardiovascular parameters after the alpha-

1-adrenergic blockade within the mPFC were not assessed in the
present study.

Previous studies have demonstrated that the mPFC projects
heavily to the amygdala [37,50], a complex structure that plays an
important role in the acquisition and expression of conditioned fear
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ssociations (for review see [34]). This mPFC-neural-pathway tar-
ets significantly the intercalated cells of the amygdala, a nucleus
f GABAergic neurons located between the central and basolateral
ortions of the amygdala, which are responsible for feed-forward

nhibition of central nuclei output neurons [5,35]. Therefore, the
mpairment of contextual conditioned fear extinction after the

PFC-alpha-1-adrenergic receptor antagonism observed in the
urrent study may be attributed to a blockade of the mPFC-
ctivation of intercalated cells over the central amygdala, resulting
n an exacerbated expression of conditioned fear during the follow-
ng extinction session. In addition, descending projections from the

PFC to the hippocampus and the mesencephalic periaqueductal
ray matter have also been revealed [85]. Since these neural sites
re related to the contextual/environmental information of the
versive event [3] and the physiological and behavioural aspects
f the conditioned defensive response [86], mPFC-interference over
hese regions could also be involved in the modulation of contextual
onditioned fear extinction [30,39].

The absence of extinction process seen in the group microin-
ected with the higher dose of prazosin (2.5 nmol/side) into the

PFC may be attributed to the lack of selectivity for this compound
hen administered in elevated doses. In fact, Regan et al. [62]
escribed that high doses of prazosin can block alpha-2-adrenergic
eceptors. These receptors, present in the presynaptic terminals,
hen activated, promote a decrease in the norepinephrine release

n the synaptic cleft [32]. Thus, the blockade of alpha-2-adrenergic
eceptors could induce an increase in noradrenergic neurotrans-
ission, facilitating extinction processes through the activation

f vmPFC-beta-1-adrenergic receptors [12,44]. In fact, previous
tudies have indicated a facilitation (Do-Monte and Carobrez,
npublished results) or impairment [46] in the mechanisms of
xtinction, respectively after the microinjection of the agonist beta-
drenergic isoproterenol or the beta-blocker propranolol directly
nto the vmPFC.

Exposure therapy is a set of techniques, based on principles of
onditioning and learning, which help patients to confront their
eared objects, situation, memories or images in safe circumstances
11]. The repeated exposure to the traumatic memory utilized for
TSD treatment, facilitates extinction of feared emotional response
o this memory. Given its well-documented clinical efficacy, this
ognitive behavioural therapy approach has been considered the
rst-line of treatment for PTSD [24,48,61,72]. Despite the abun-
ance of evidence pointing to the efficacy of exposure therapy,
TSD remains a difficult disorder to treat and identifying alterna-
ive treatment options is imperative. For this reason, studies are
urrently evaluating the use of pharmacological intervention to
nhance or accelerate the cognitive process involved in this therapy
18,63].

Clinical reports in humans and experimental studies in labo-
atory animals provide support for the hypothesis that drugs that
nhibit the mnemonic processes may impair fear extinction [27,46]

hile cognitive enhancers can facilitate this mechanism [55,63,87].
ccordingly, the present findings demonstrated that repeated sys-

emic treatment or intra-mPFC infusion of prazosin, which disrupt
emory formation in different animal models [67,75,88], also

mpaired the mechanisms of fear extinction. Considering that pra-
osin has been widely prescribed for reducing nightmares and sleep
isturbance in PTSD patients, a potential detrimental effect of this
rug in reducing the beneficial effect of exposure therapy must be
urther examined.
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