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Research

Effects of intra-amygdala infusion of CBI
receptor agonists on the reconsolidation

of fear-potentiated startle

Hui-Ching Lin, Sheng-Chun Mao, and Po-Wu Gean'

Institute of Basic Medical Sciences and Department of Pharmacology, National Cheng-Kung University, Tainan, Taiwan 701

The cannabinoid CBI receptor has been shown to be critically involved in the extinction of fear memory. Systemic
injection of a CBI receptor antagonist prior to extinction training blocked extinction. Conversely, administration of
the cannabinoid uptake inhibitor AM404 facilitated extinction in a dose-dependent manner. Here we show that
bilateral infusion of CBI receptor agonists into the amygdala after memory reactivation blocked reconsolidation of
fear memory measured with fear-potentiated startle. The effect was dose-dependent and could be blocked by AM25I,
a specific CBI receptor antagonist. In contrast, the effect of CBI agonists on reconsolidation was no longer seen if
memory reactivation was omitted. Concomitant with block of reconsolidation, CBI agonist-treated animals did not
exhibit shock-induced reinstatement or spontaneous recovery of fear. The absence of recovery was not attributable
to permanent damage to the amygdala in WIN-treated rats, nor did the effect result from alteration of baseline
startle or shock reactivity. These results suggest that CBI agonists could impair fear memory via blocking

reconsolidation.

Synthetic and endogenous cannabinoids have profound effects
on the central neurons. They inhibited pain (Pertwee 2001) and
reduced neuronal damage in models of ischemia and traumatic
brain injury (Panikashvili et al. 2001). They impaired memory in
animals, particularly in hippocampus-dependent tasks such as an
eight-arm radial maze, spatial alteration in a T-maze, and delayed
matching/non-matching to a position task with lever presenta-
tion (Lichtman et al. 1995; Davis et al. 2002). On the other hand,
SR141716A, a specific antagonist of the cannabinoid CB1 recep-
tor, blocked the disruptive effects of cannabinoids on rate and
accuracy of responding (Brodkin and Moerschbaecher 1997).
Cannabinoids produce marked alterations in behavior and mood
in animals and humans. Administration of a CB1 antagonist elic-
ited an anxiety-like response (Navarro et al. 1997), whereas active
inhibitors of fatty acid amide hydrolase (FAAH), which catalyzes
endogenous cannabinoid anadamide hydrolysis, induced anxio-
lytic effects in rats (Kathuria et al. 2003).

Pavlovian fear conditioning is a behavioral procedure in
which a cue (conditioned stimulus, CS) comes to induce a fear
response when it is repeatedly paired with a noxious stimulus,
often a foot-shock (unconditioned stimulus, US). Fear condition-
ing is not only a sensitive measure of anticipatory fear or anxiety
but is also a leading behavioral paradigm for studying the neural
mechanisms through which emotional memory is formed and
stored (Davis 2000; LeDoux 2000). Extinction, on the other
hand, refers to gradual disappearance of the previously acquired
responses if animals are exposed only to the cue without pairing
with a shock (Rescorla 2001; Myers and Davis 2002). Recently,
endocannabinoids were demonstrated to be critically involved
in the extinction of fear memory because mutant mice lacking
CB1 receptors were specifically impaired in extinction (Marsi-
cano et al. 2002).

Many observations in animal studies, including spontane-
ous recovery with time (Bouton and Peck 1989), reinstatement
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after unpaired US presentations (Rescorla and Heth 1975), and
renewal with context change (Bouton and King 1983), indicate
that extinction is a new inhibitory learning, which leaves the
original memory intact (Quirk et al. 2000; Herry and Garcia 2002;
Myers and Davis 2002; Maren and Quirk 2004). It has been
shown that treatment of rats with an inhibitor of cannabinoid
reuptake, AM404, enhanced extinction (Chhatwal et al. 2005).
However, animals that had received AM404 during extinction
training exhibited less reinstatement effect. It is possible that
extinction seen following AM404 treatment was more robust and
less susceptible to subsequent US reinstatement. Alternatively, it
may suggest the possibility of additional mechanisms. Following
retrieval, memory became labile for a period before being recon-
solidated and re-stored. Thus, in theory, memory would not re-
turn after a block of reconsolidation (Duvarci and Nader 2004).
Extinction training usually consisted of CS-alone trials that in-
duced memory retrieval. Therefore, it is reasonable to speculate
that CB1 receptor agonists may act on the reconsolidation of fear
memory.

Results

On day 1, rats were conditioned with 10 light-shock pairings. On
day 2, they were infused with vehicle or a CB1 receptor agonist,
WINS5212-2 (WIN, 1 or 11 pg per side), bilaterally into the
amygdala within 1 h after a retention test (Test 1). Memory was
assessed 24 h after Test 1 (Test 2). Figure 1A shows that infusion
of WIN resulted in an impairment of fear memory. Startle poten-
tiations were 171.4% + 8.3% (n = 6) in vehicle controls,
99.0% = 13.6% (1 pg per side, n =35), and 46.0% = 7.7% (11 pg
per side, n = 10) in WIN-treated animals. The ANOVA for startle
scores showed a significant effect for group (F s =48.17,
P <0.001), and post hoc t-tests showed that the two WIN groups
differed from the vehicle group (P < 0.001). Furthermore, less
startle reflex occurred in the high-dose group than in the low-
dose group (P < 0.01), indicating a dose-dependent effect. The
infusion cannula tip locations are shown in Figure 1B. Only rats
with cannula tips at or within the boundaries of LA and BLA were
included in the data analysis.
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Figure 1. CBI1 receptor agonists block reconsolidation of fear memory.
(A) Rats were infused with vehicle (n=6), 1 ug of WIN (n=35), or 11 ug
of WIN (n=10) within 1 h after the test, and memory retention was
assessed 24 h later. ***P < 0.001 vs. vehicle. (B) Cannula tip place-
ments from rats infused with vehicle (@), 1 ug of WIN (A), or 11 pg of
WIN (%) in the experiments shown in A. (C) Dose-response relation-
ship of HU210 on reconsolidation. *P < 0.05, ***P < 0.001 vs. vehicle.
(D) Cannula tip placements from rats infused with vehicle (@), 1 pg of
HU210 (A), or 10 pug of HU210 (%) in the experiments shown in C.

A similar result was obtained with another CB1 agonist,
HU210. Post-test infusion of HU210 significantly attenuated
startle reflex. Startle potentiations were 170.5% + 14.1% (n = 6)
in vehicle controls, 106.4% =+ 19.9% (1 pg per side, n=35,
P < 0.05 vs. vehicle), and 61.1% = 15.2% (10 pg per side, n =6,
P <0.001 vs. vehicle) in HU210-treated animals (Fig. 1C). Can-
nula tip placements are shown in Figure 1D.

AM251 is a selective CB1 antagonist. To ensure that the
memory-impairing effect of WIN was mediated by the CB1 re-
ceptor, we determined whether AM251 could reverse the effects
of WIN and HU210. AM251 (20 pg per side) and WIN (11 pg per
side) were sequentially infused into the amygdala with an inter-
val of 20-25 min. As shown in Figure 2, AM251 blocked the
effects of WIN and HU210 (10 pg per side) such that there was no
difference in the amount of startle amplitude between the ve-
hicle and WIN/AM251 groups (5, = 0.18, P = 0.86) and between
the vehicle and HU210/AM251 groups (f;, = 0.68, P = 0.52). As a
control, vehicle and AM251 also were sequentially infused into
the amygdala to investigate the effect of AM251 on reconsolida-
tion. The result showed that there was no difference between the
vehicle and veh/AM251 groups (s, = 0.32, P = 0.75), suggesting
that AM251 by itself did not affect reconsolidation and that con-
centrations of endocannabinoids were below threshold during
the retention test to activate CB1 receptors.

We repeated the experiments to determine the effects of
WIN on post-reactivation of short-term memory (PR-STM) at 4 h
and long-term memory (PR-LTM) at 24 h after Test 1. An ANOVA
comparing the drug group across trials (PR-STM and PR-LTM)
demonstrated a significant interaction (F 3 5o, = 11.94, P < 0.001).
Newman-Keuls post hoc analysis revealed that the WIN group
was significantly different from the vehicle group both in the
PR-STM (P < 0.05) and PR-LTM (P < 0.001) (Fig. 3). Taken to-
gether, these results indicate that CB1 receptor agonists impair
fear memory when given shortly after memory reactivation.
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Figure 2. Block of the effect of CB1 agonists on reconsolidation by
AM251. AM251 (20 pg per side) was administered 20-25 min before
WIN (11 pg per side) or HU210 (10 ug per side). There was no difference
in the amount of startle amplitude between the vehicle and WIN/AM251
groups (t;, =0.18, P=0.86) and between the vehicle and HU210/
AM251 groups (t;, = 0.68, P =0.52). AM251 and vehicle were also in-
fused into the amygdala, and there was no difference between the ve-
hicle and veh/AM251 groups (¢, = 0.32, P =0.75).
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To determine whether the observed impairment of fear
memory required memory reactivation, we omitted Test 1. Con-
ditioned rats were infused with WIN, HU210, or vehicle in the
absence of Test 1. Memory retention was assessed 24 h after
drug application. Figure 4 shows that neither WIN (11 pg per
side) nor HU210 (10 pg per side) had an effect on the startle
reflex. Furthermore, WIN still failed to induce extinction even
though the dose was increased to 33 pg per side. These results
suggest that the effects of WIN and HU210 require memory re-
activation as demonstrated by the lack of amnesia when Test 1 is
omitted.

To examine the possibility that WIN might damage the amyg-
dala neurons, we performed a histological analysis. Figure 5A
shows that there was no evidence of increased gliosis or cell loss
in vehicle- or WIN-treated rats. We further determined whether
WIN induced cell apoptosis by staining neurons with Hoechst
33,342. WIN or vehicle was infused into the amygdala, and 24 h
later apoptotic features including dense chromatin condensation
and nuclear pyknosis were examined with a fluorescence micro-
scope. There was no difference in abnormal nuclei-positive cells
between vehicle- and WIN-treated animals (Fig. 5B).
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Figure 3. Effects of post-Test 1 infusion of WIN on STM and LTM.
Rats were infused with vehicle or 11 pg of WIN within 1 h after the test,
and STM was assessed at 4 h and followed by LTM at 24 h after admin-
istration of WIN. *P < 0.05, ***P < 0.001 vs. vehicle. Cannula tip place-
ments from rats infused with vehicle (O) or WIN (@).
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Figure 4. Requirement of memory retrieval for the action of CB1 ago-
nists. (A) There was no difference in startle reflex between vehicle- and
WIN- or HU210-treated rats when Test 1 was omitted. (B) Cannula tip
placements from rats infused with vehicle (A), 11 pg WIN (O), 33 ug WIN
(M), or HU210 ().

We assessed whether WIN-treated rats exhibited reinstate-
ment of fear memory. Rats were trained according to our previ-
ous reconsolidation paradigm and then tested for memory recov-
ery by application of a reminder shock (Fig. 6A). Vehicle control
rats were divided into two groups with or without exposing to
CS-alone trials that led to extinction. An ANOVA on Test 1, PR-
LTM, and reinstatement showed a significant interaction with
drug treatment (F 33, = 24.12, P <0.0001). Post hoc compari-
sons revealed that Test 1 scores were the same for the vehicle and
WIN groups (P > 0.05). However, WIN rats demonstrated less
startle reflex than controls on both PR-LTM (P < 0.001) and re-
instatement (P < 0.001). In contrast, subsequent exposure of ve-
hicle extinction rats to 10 foot-shocks reinstated the startle. Fur-
thermore, there was no increase in the startle amplitude of WIN-
treated animals after the reminder shock (£, = 1.21, P = 0.27). To
rule out the possibility that the lack of recovery was attributable

A DMSO (50%)
g

WINS5212-2

Figure 5. WIN55212-2 did not lesion the amygdala. (A) Representative
photomicrographs show amygdala slices from rats infused with DMSO
(left) or WIN (right). There was no evidence of increased cell loss or gliosis
in the amygdala in the DMSO or WIN-treated animals. Bar, 0.5 mm.
(B) WIN (11 pg/side) or vehicle were infused into the amygdala, and
24 h later morphological studies were conducted by Hoechst 33,342
staining. Bar, 10 ym.
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to WIN-induced damage to the amygdala, five out of seven WIN-
treated rats were retrained. Figure 6B shows that startle reflex in
all five WIN-treated rats was significantly increased to levels
(183.1 + 13.9, 4, =5.98, P<0.00S vs. reinstatement) compa-
rable with control animals on Test 1. This result suggests that the
lack of reinstatement is not attributable to the inability of ani-
mals to learn.

Similar experiments were performed with HU210 (10 pg per
side). ANOVA analysis on Test 1, PR-LTM, and reinstatement
showed a significant interaction with drug treatment (Fs ,, =
14.14, P <0.0001). Post hoc comparisons revealed that Test 1
scores were the same for both groups (P> 0.05), whereas the
HU210 rats demonstrated less startle reflex than controls on both
PR-LTM (P < 0.001) and reinstatement (P < 0.001). In addition,
there was no increase in the startle amplitude of HU210-treated
animals after a reminder shock (4 =0.57, P =0.60). 5 d later,
these HU210-treated rats were retrained and, as shown in Figure
6B, the level of startle potentiation was increased to
151.7% + 18.3% ({4 = 5.50, P < 0.01 vs. reinstatement).

We examined whether the memory would recover sponta-
neously from reactivation amnesia in WIN-treated rats. Animals
were trained according to our previous reconsolidation paradigm
and then tested for memory recovery 7 d after training. To match
the levels of startle in the WIN group, vehicle control rats were
given 30 trials of CS-alone extinction training ~30 min after
Test 1. As shown in Figure 7B, testing animals 7 d after training
revealed a recovery of startle in vehicle controls. In contrast, the
conditioned responses of the WIN (11 pg per side) and HU210
(10 ng per side) groups were significantly less than vehicle con-
trols 7 d after training (WIN: f,, = 2.40, P < 0.05; HU210:
taoy = 2.95, P<0.02), indicating an inhibition of spontaneous
recovery by CB1 agonists.
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Figure 6. Retardation of reinstatement of fear memory by CB1 recep-
tor agonists. (A) Behavioral procedure used for the experiments shown in
B. (B) WIN (11 pg per side) or HU210 (10 pg per side) were infused
into the amygdala bilaterally within 1 h after Test 1, which blocked re-
consolidation. Amnesia resulting from CB1 agonist infusions did not show
reinstatement with unconditioned foot-shocks. After retraining, the levels
of startle potentiation in the WIN or HU210 rats were comparable with
their Test 1. Vehicle extinction animals were trained and then exposed to
three sessions of 10 CS-alone trials that led to extinction. Subsequent
exposure of these rats to 10 foot-shocks reinstated the startle.
***P < 0.001 vs. vehicle. (C) Cannula tip placements from rats infused
with vehicle (@), vehicle extinction (O), WIN (A), or HU210 (M) in the
experiments shown in B.
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Figure 7. Retardation of spontaneous recovery by CB1 receptor ago-
nists. (A) Behavioral procedure used in the experiment shown in B. (B)
Animals were trained and then tested the next day. WIN (11 pg per side)
or HU210 (10 pg per side) were infused into the amygdala bilaterally
within 1 h after the test. Recovery of memory was assessed 7 d after
training. Vehicle control rats were given extinction training to match the
levels of startle in WIN group. ***P < 0.001 vs. vehicle. (C) Cannula tip
placements from rats infused with vehicle (@), WIN (A), or HU210 (M) in
the experiments shown in B.

We assessed whether WIN produced an analgesic effect and
affected baseline anxiety by measuring the shock reactivity and
baseline startle, respectively, according to the methods described
by Chhatwal et al. (2005). A separate group of conditioned rats
was given an intra-amygdala infusion of WIN (n = 5) and 30 min
later was presented with three shocks and 42 startle stimuli iden-
tical to those used in the above studies (0.6-mA, 0.5-sec foot-
shocks, 95-dB startle stimuli). 3 d later, the same rats were re-
turned to the startle box, injected with vehicle, and similarly
tested. Figure 8 shows that there was no difference in shock sen-
sitivity (P =0.32) or baseline startle amplitude (P = 0.67) in rats
given WIN or vehicle. Thus, intra-amygdala administration of
WIN has no effect on pain sensitivity or baseline startle ampli-
tude.

Discussion

In the present study, we have shown that post-test infusion of
WIN or HU210 into the amygdala significantly impaired fear
memory in a dose-dependent manner. The effects of WIN or
HU210 could be reversed by the selective CB1 receptor antago-
nist and were no longer seen if the test was omitted. Re-exposing
WIN-treated rats to the US failed to reinstate learned fear. In
addition, the WIN-treated rats did not show spontaneous recov-
ery. Finally, administration of CB1 agonists at the dose used in
this study did not damage the amygdala neurons, induce apo-
ptosis, or produce an obvious analgesic effect. Taken together,
these results suggest that intra-amygdala infusion of CB1 recep-
tor agonists could impair fear memory via an effect on reconsoli-
dation.

Memory testing caused memory reactivation and initiated
two potentially dissociable but opposite processes: reconsolida-
tion and extinction (Nader et al. 2000; Myers and Davis 2002;
Nader 2003; Suzuki et al. 2004). We have demonstrated that ac-
tivation of the CB1 receptor in the amygdala impaired fear
memory when CB1 agonists were administered immediately after
test, but were not effective when administered without a test. In
addition, no evidence of reinstatement and spontaneous recov-
ery was found in WIN-treated animals. Based on the notion that
original memory became labile and would not return after a spe-

cific block of reconsolidation (Duvarci and Nader 2004), reacti-
vation-induced amnesia by CB1 agonists could be attributable to
the block of reconsolidation. Extinction of conditioned fear in
general was considered to be an inhibitory learning that pre-
vented the expression of intact association rather than erasing it.
If a memory deficit induced by CB1 agonists after memory reac-
tivation was attributable to enhanced extinction, then re-
exposing animals to the US prior to the test would restore its
representation and reinstate the learned responses. In addition,
testing animals at different time points after extinction should
reveal a recovery of retention. A previous study by Chhatwal
et al. (2005) has shown that systemic injection of a CB1 receptor
antagonist prior to extinction training blocked extinction. Con-
versely, administration of the cannabinoid uptake inhibitor
AM404 facilitated extinction in a dose-dependent manner. The
difference between their results and ours is not clear, but could be
due to different training protocols applied (extinction vs.
memory testing) or the route of drug administration (systemic vs.
intra-amygdala administration). Activation of CB1 receptors
could facilitate extinction on one hand and block reconsolida-
tion on the other.

Reinstatement and spontaneous recovery are signs of pres-
ervation of the original memory after extinction training. Theo-
retically, they could be used to judge whether a manipulation
facilitates extinction as opposed to blocking reconsolidation.
However, it should be cautioned that under certain circum-
stances if extinguishment of memory was caused by the erasure
of original memory, then reinstatement and spontaneous recov-
ery are not valid to differentiate between the facilitation of ex-
tinction and blocking of reconsolidation.

It is noted that intra-amygdala injection of a CB1 agonist
immediately after the test impaired both PR-STM and PR-LTM,
suggesting that CB1 agonists block a fast cascade of events nec-
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Figure 8. Effect of WIN on shock reactivity and baseline anxiety. Con-
ditioned rats received an intra-amygdala infusion of WIN (11 pg/side,
n=5) and 30 min later were presented with three shocks and 42 startle
stimuli (0.6-mA, 0.5-sec shocks, 95-dB noise-burst startle). 3 d later, the
same rats were returned to the startle box, injected with vehicle, and
similarly tested. (A) Shock reactivity represents the average response to
three foot-shocks. (B) Baseline startle amplitude represents the average
response to 42 startle stimuli.
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essary for memory reconsolidation. It has been shown that PKA
phosphorylation of $845 in GluR1 increased the peak open prob-
ability (Banke et al. 2000) of AMPA receptors as well as the surface
reinsertion of GluR1 (Ehlers 2000). Furthermore, fear memory
formation required the coupling of GluR1 and PKA by A-kinase
anchoring proteins (AKAPs) through synapse-associated protein
97 kDa (SAP97) in the lateral amygdala (Moita et al. 2002). Thus,
it is likely that activation of CB1 receptors negatively regulates
adenylyl cyclase (Howlett et al. 1986; Bidaut-Russell et al. 1990),
PKA, and phosphorylation of AMPA receptors, resulting in the
retardation of formation and maintenance of STM. In this con-
text, it has been shown recently that, using a low-intensity train-
ing protocol (1.3-mA US foot-shock), activation of PKA in the
amygdala enhanced reconsolidation. In contrast, inhibition of
PKA impaired reconsolidation when a high-intensity training
protocol (2.0-mA US foot-shock) was applied (Tronson et al.
20006).

In summary, retrieval of memory would put it into a new
vulnerable phase so that a reconsolidation blockade could lead to
erasure of memory, not by inhibiting the expression of memory
as extinction training did. Here, we have demonstrated that ac-
tivation of CB1 receptors blocked reconsolidation, and rats given
CB1 agonists immediately after a memory test failed to exhibit
reinstatement and spontaneous recovery. Thus, CB1 agonists
could be useful for the treatment of patients with post-traumatic
stress disorders (PTSD) because the drug-treated patients may be
less likely to relapse after a stressful experience.

Materials and Methods

Surgery

Rats anesthetized with sodium pentobarbital (50 mg/kg, i.p.)
were mounted on a stereotaxic apparatus, and two cannulae
made of 22-gauge stainless steel tubing were implanted bilater-
ally into the LA or BLA. The coordinates were AP —2.3 mm, ML
+4.5 mm, DV —7.0 mm according to Paxinos and Watson
(1986). Only rats with cannula tips within the boundaries of LA
and BLA were included in the data analysis. Rats were monitored
and handled daily and were given 7 d to recover. WIN55212-2,
HU210, and AM251 were obtained from Tocris Cookson Ltd. The
drugs were dissolved in DMSO (50%) and administered bilater-
ally in a volume of 1 pL at a rate of 0.1 pL/min.

Behavioral apparatus and procedures

Rats were trained and tested in a stabilimeter device. A piezoelec-
tric device mounted below the stabilimeter detects and trans-
duces the motion of the cylinder produced by the whole body
startle response of the rat (San Diego Instrument). The whole
set-up was enclosed in a ventilated, sound-attenuating cabinet
(length 38 cm, width 38 cm, height 55 cm). The acoustic startle
stimulus was a 50-ms white noise at the intensity of 95 dB. The
visual CS was a 3.7-sec light produced by an 8W fluorescent bulb
attached to the back of the stabilimeter. The US was a 0.6-mA
foot-shock with a duration of 0.5 sec.

Acclimation

On three consecutive days, rats were placed in the startle test
boxes for 10 min and returned to their home cages.

Matching

On two consecutive days, rats were placed in the startle box and
3 min later presented with 10 startle stimuli at 2-min intertrial
intervals (ITI). On the basis of their mean startle amplitudes in
the second of these two sessions, rats were matched into groups
with similar response levels.

Training
Rats were placed in the startle boxes and received 10 light-foot-
shock pairings with an ITI of 2 min.
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Test

24 h after training, rats were tested for fear-potentiated startle.
This involved 10 startle-eliciting noise bursts presented alone
(noise-alone trial) and 10 noise bursts presented 3.2 sec after
onset of the 3.7-sec light (light-noise trials). The two trial types
were presented in a balanced mixed order (ITI, 30 sec). The per-
centage of fear-potentiated startle was computed as follows:
[(startle amplitude on CS-noise minus noise-alone trials) / (noise-
alone trials)] x 100.

Reconsolidation

Rats were trained and memory was tested 24 h later (Test 1). Rats
were infused with WIN55212-2, HU210, or vehicle within 1 h
after termination of Test 1. A post-reactivation short-term
memory (PR-STM) test was performed 4 h later, followed by a
PR-LTM test 24 h after Test 1.

Reinstatement

Animals were trained according to the reconsolidation paradigm,
returned to the testing chamber 24 h later, and presented with 10
foot-shocks. Animals underwent a test for memory reinstatement
24 h after foot-shock. 5 d later, rats were retrained with 10 light-
foot-shock pairings, and the following day they were tested for
the LTM of the retrained memory. A group of vehicle control rats
was exposed to 30 trials of CS-alone extinction training to match
the degree of startle reflex in WIN-treated animals.

Shock reactivity and baseline startle measurement

A group of conditioned rats was injected with WIN bilaterally
into the amygdala, placed in the training box, and presented
with three unpaired foot-shocks and 42 startle stimuli (0.6-mA,
0.5-sec shocks, 95-dB noise-burst startle). The same group of rats
was returned to the same startle box 3 d later, injected with
vehicle, and presented with identical foot-shocks and startle
stimuli.

Histology

At the end of experiments, animals received an overdose of pen-
tobarbital (100mg/kg), and the brains were removed from the
skull and fixed in buffered 4% paraformaldehyde (pH 7.4) for
48 h. Brains were sectioned with a sliding MicroSlicer (DTK-1000,
Ted Pella Inc.), and sections (40-um thickness) were stained for
Nissl bodies and DNA dye Hoechst 33,342 (bis-benzimide,
Sigma). Nuclei were visualized using a fluorescence microscope.

Data analysis

Data were analyzed with ANOVA. A single-factor ANOVA and
post hoc comparisons were used to analyze the dose-dependent
effect of WIN55212-2 in blocking reconsolidation and the dif-
ference between the effect of drugs on STM and LTM. An un-
paired t-test was used to analyze differences of startle reflex be-
tween the drug-treated and vehicle control groups. A paired t-test
was used to analyze the difference in startle amplitude before and
after a reminder shock in drug-treated rats (reinstatement experi-
ments). All values in the text and figure legends are mean =SEM.
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