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A standard extract of Ginkgo biloba (EGb761) has been used in the treatment of various common geriatric complaints including vertigo,

short-term memory loss, hearing loss, lack of attention, or vigilance. We demonstrated that acute systemic administration of EGb761

facilitated the acquisition of conditioned fear. Many studies suggest the neural mechanism underlies extinction is similar to the acquisition.

This raises a possibility that EGb761 may modulate and accelerate the fear extinction process. We tested this possibility by using fear-

potentiated startle (FPS) on laboratory rats. Acute systemic injection of EGb761 (10, 20, or 50 mg/kg) 30 min before extinction training

facilitated extinction in a dose-dependent manner. Intra-amygdaloid infusion of EGb761 (28 ng/side, bilaterally) 10 min before extinction

training also facilitated extinction. Control experiments showed that facilitation effect of EGb761 was not the result of impaired

expression of conditioned fear or accelerated forgetting. Rats previously injected with EGb761 showed significant FPS after retraining.

Extinction of conditioned fear appeared to result from acute drug effects rather than from toxic action. Systemic administration of

EGb761 immediately after extinction training did not facilitate extinction, suggested the EGb761 facilitation effect is contributed to the

acquisition phase of extinction learning. Western blot results showed that extinction induced amygdaloid extracellular signal-regulated

kinase (ERK1/2) phosphorylation was significantly elevated by EGb761 treatment. Intra-amygdala injection of ERK1/2 inhibitor PD98059

completely blocked the EGb761 effect. Therefore, acute EGb761 administration modulated extinction of conditioned fear by activating

ERK1/2.
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INTRODUCTION

Herbal extract of the Ginkgo biloba leaves has been
cultivated for medicinal properties in China for several
thousands years. In recent years, it is increasingly popular
in western society as an ‘over-the counter’ herbal supple-
ment and in prescription drugs (Landes, 1997; O’Hara et al,
1998). A standardized extract of Ginkgo biloba (EGb761)
contains 24% ginkgo-flavone glycosides and 6% terpenoids
(Drieu, 1986). It is used in the treatment of various common
geriatric complaints including vertigo, short-term memory
loss, hearing loss, and lack of attention or vigilance.
In clinical trials, improvement in cognitive function is
demonstrated in older people with dementia or age-
associated memory impairment (Curtis-Prior et al, 1999;

Le Bars et al, 2000). It is also applied to treatment of
cerebral vascular disorders (Krieglstein et al, 1995; Le Bars
et al, 1997; Diamond et al, 2000). Even though the EGb761 is
widely used in prescription drugs, the efficacy of EGb761 as
a nootropic agent is somewhat controversial. Some clinical
trials failed to find any improvement in older people
with dementia or age-associated memory impairment (Van
Dongen et al, 2000).

Two possible mechanisms may account for the behavioral
effects of EGb761 observed in aged animals. EGb761
increases cerebral blood flow (Krieglstein et al, 1986). The
flavonoid constituents of EGb761 possess free-radical
scavenging properties (Clostre, 2000). The first possible
mechanism is the ability of EGb761 to serve as a protective
agent, protecting against oxidative stress and preventing
mitochondrial aging (Millan et al, 1998). Thus, it is a buffer
against rapid age-related decline in mental function. The
second possible mechanism is the ability of EGb761 to serve
as a cognitive enhancer (Das et al, 2002) and anxiolytic
agent to counter stress effects. Several laboratories have
documented anxiolytic effects associated with repeated
administration of EGb761 or preparations containing
EGb761. Animals cotreated with extracts of Zingiber
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officinale and Gingko biloba, increase in time in the open
arms of an elevated plus maze (Hasenöhrl et al, 1996,
1998). EGb761 restores successful avoidance behavior and
increases food consumption in emotional hypophagia test
(Porsolt et al, 1990). EGb761 can also serve as an antistress
buffer, attenuating the increase in anxiety typically observed
in animals after cold-water exposure (Ward et al, 2002).
These findings suggest that EGb761 may facilitate successful
behavioral adaptation to stressors or noxious stimuli.

We recently reported that acute systemic administration
of EGb761 facilitated the acquisition of conditioned fear
(Yang et al, 2005a). Several studies suggest that the neural
mechanism underlying extinction is similar to the acquisi-
tion (Lu et al, 2001; Lin et al, 2003a, b; Yang and Lu, 2005).
It raises the possibility that EGb761 can modulate extinction
and accelerate the extinction process. The general purpose
of this study was to further characterize the acute mood and
cognitive effects of acute administration of EGb761 and
evaluate the possibility that acute administration of EGb761
modulates the extinction process. To achieve these goals, we
used the fear-potentiated startle paradigm (FPS) to evaluate
the effect of EGb761 on the extinction of conditioned fear.

MATERIALS AND METHODS

Animals

Adult male Sprague–Dawley rats (obtained from the animal
center of National Taiwan University, Taiwan) weighing
250–350 g were housed in groups of four rats in a
temperature (241C)Fcontrolled animal colony with con-
tinuous access to food and water. Rats were kept on a 12/12
light–dark cycle with lights on at 0700 h. All behavioral
procedures took place during the light cycle. All procedures
were accordance with the National Institutes of Health
Guide for Care and Use of Laboratory Animals and the
guidelines of the Institutional Animal Care and Use
Committee at the National Taiwan Normal University.

Surgery

All surgeries were carried out under sodium pentobarbital
(50 mg/kg, intraperitoneal (i.p.)) anesthesia. Once anesthe-
tized, rats were placed in a Kopf stereotaxic instrument, the
skull was exposed, and two 22-gauge guide cannulas (model
C313G, Plastic-one Products, Roanoke, VA, USA) were
implanted bilaterally into the basolateral nucleus of the
amygdala (BLA) (AP, �2.8; DV, �7.0, ML, 75.0 from the
bregma). Size 0 insect pins (Carolina Biological Supply,
Burlington, NC, USA) were inserted into each cannula to
prevent clogging. These extended approximately 2 mm
past the end of the guide cannula. Screws were anchored
to the skull and the assembly was cemented in place
using dental cement (Plastic-one Products, Roanoke, VA,
USA). Rats received a topical antibiotic (penicillin) each
day for the first 3 days after the surgery to reduce the risk
of infection.

Behavioral Procedures

Extinction of the conditioned fear was measured using the
potentiated startle paradigm (Cassella and Davis, 1986; Lu

et al, 2001; Walker et al, 2002; Yang and Lu, 2005; Yang
et al, 2005b). Rats were trained and tested in a startle
chamber (San Diego Instruments, San Diego, CA, USA).
Each chamber consisted of an 8.6 cm diameter, 20 cm long
Plexiglas cylinder mounted on a Plexiglas base. A grid floor
insert made of seven 4-mm diameter stainless steel bars
placed 4 mm apart was mounted inside the Plexiglas
cylinder to deliver footshocks. The delivery of the acoustic
stimulus, light, footshock, and measurement of the startle
response were controlled by computer. The cage movement
results in the displacement of an accelerometer. Startle
amplitude was defined as peak accelerometer voltage within
200 ms after startle stimulus onset.

The behavioral procedures common to all experiments
consisted of an acclimation phase, a baseline startle test
phase, a fear conditioning phase, a pre-extinction test, an
extinction training, and a postextinction test or FPS test (see
Figures 1a, 2a, 3a and 4a).

Acclimation. On each of three consecutive days, rats were
placed into the test chambers for 10 min and then returned
to their home cages.

Baseline startle test. On each of the next two consecutive
days, animals were placed in the test chambers and
presented with 30 95-dB startle stimuli at a 30-s inter-
stimulus interval (ISI). Animals whose baseline startle was
o1% of the measurable level were not included in later
analyses.

Fear conditioning. After 24 h, rats were returned to the
test chambers and 5 min later given the first of 10 light-
footshock pairings. The shock (unconditioned stimulus)
was delivered during the last 0.5 s of the 3.7 s light
(conditioned stimulus (CS)). The average intertrial interval
was 4 min (range¼ 3–5 min) and the shock intensity was
0.6 mA.

Pre-extinction test. At 24 h after fear conditioning, rats
were returned to the test chambers and 5 min later
presented with 30 startle-eliciting noise bursts (95 dBF30 s
ISI). These initial startle stimuli were used to habituate the
startle response to a stable baseline before the light–noise
test trials that followed. After 30 s, a total of 20 startle-
eliciting noise bursts were presented, 10 in darkness (noise
alone) and 10 in 3.2 s after onset of the 3.7 s light (light–
noise) in a balanced, irregular order at a 30-s ISI. Percent
FPS was computed as ((startle amplitude on light–noise
minus noise-alone trials)/noise-alone trials)� 100. Based on
these data, the rats were divided into equal size groups that
had comparable mean levels of percent FPS. Animals with
less than 50% FPS during the pre-extinction test were not
used.

Extinction training. Extinction training (cue exposure) is
defined as the repetitive exposure to the CS cue (light) in the
absence of the unCS. At 24 h after the pre-extinction test,
rats were returned to the test chamber and 5 min later
presented with 30, 3.7 s light exposures at a 30-s ISI. Context
control groups (context exposure) remained in the test
cages for the same amount of time but did not receive
light presentations. Extinction training was performed
for varying number of consecutive days as described
below.

Postextinction test. At 24 h after the last extinction
training period, rats were returned to the test chamber
and 5 min later presented with 30 95-dB leader stimuli
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for a habituated startle baseline. This was followed by
a total of 60 startle-eliciting noise bursts, 30 in darkness
(noise alone) and 30 presented 3.2 s after onset of the 3.7 s
light (light–noise) in a balanced, irregular order at a
30-s ISI. Results were evaluated as with the pre-extinction
test.

FPS test. At 24 h after the fear conditioning or extinction
training, rats were returned to the test chamber and testing
for the FPS (procedure is similar to the postextinction test
described above).

Drug Treatment

The standard extract of Ginkgo biloba containing 24%
ginkgo-flavone glycosides and 6% terpenoids was
supplied by Mattern et Partner (Starnberg, Germany) and
freshly dissolved in saline with the help of ultrasound and
injected i.p. with a 26 gauge injection needle connected to a
1 ml syringe 30 min before extinction training (experiment
1, 2, 5, and 6) or FPS test (experiment 4) or immediately
after extinction training (experiment 3). The particular
doses of EGb761 used here were based on Yang et al,
(2005a) with slightly modification. ERK1/2 inhibitor
PD98059 (200 ng in 1 ml of 20% DMSO; Calbiochem, La
Jolla, CA, USA) (Lu et al, 2001) or 20% DMSO was infused
into the BLA 10 min before saline or EGb761 (50 mg/kg)
injection (experiment 6). EGb761 (2.8 ng in 1 ml of ACSF; Dr
Willmar Schwabe, Karlsruhe Germany) or ACSF was
infused into the BLA 10 min before extinction training
(experiment 7).

Western Blot Analysis

Animals were decapitated 15 min after completion of
experiment 6. Lateral and basolateral subregions of the
amygdala were collected and briefly sonicated in ice-cold
buffer (50 mM Tris-HCl (pH 7.8), 50 mM NaCl, 10 mM
EGTA, 5 mM ethylenediaminetetraacetic acid, 2 mM sodium
pyrophosphate, 4 mM para-nitrophenylphosphate, 1 mM
sodium orthovanadate, 1 mM phenylmethylsulfonyl fluoride
(PMSP), 20 ng/ml leupeptin, and 4 ng/ml aprotinin). Follow-
ing sonication, the soluble extract was obtained after
pelleting the crude membrane fraction by centrifuging at
50 000g at 41C. Protein concentration in the soluble fraction
was then measured using a Bradford assay, with bovine
serum albumin as the standard. Equivalent amounts of
protein for each sample were resolved in 10% sodium
dodecyl sulfate (SDS)–polyacrylamide gels, blotted electro-
phoreticaly to immobilon, and blocked overnight in 5%
skim milk (in TBS). (Cell Signaling Technology Inc., USA).
Blots were incubated with antiphospho-ERK1/2 antibody
(New England Biolabs, USA) or anti-ERK1/2 antibody (BD
Transduction Laboratories, USA). Bands were detected with
an enhanced chemiluminescence Western blotting analysis
system (RPN 2108; Amersham International, Amersham, UK).

Statistics

ANOVA on percent potentiation scores was the primary
statistic. Between-group comparisons were made using two-
tailed t-tests for independent samples. The criterion for
significance for all comparisons was Po0.05.

Figure 1 Systemic administration of Ginkgo biloba extracts EGb761 facilitated extinction of conditioned fear in a dose-dependent manner. (a) Timeline of
procedures for experiment 1. (b) Percent fear-potentiated startle measured in a pre-extinction test and in a postextinction test. Rats in each group
underwent systemic administration of saline or EGb761 (10, 20, or 50 mg/kg) 30 min before a single session of extinction training. (c) The same animals used
were retrained. After 24 h, they were tested for fear-potentiated startle in the absence of drugs (fear-potentiated startle test). Values are mean7SEM,
*Po0.05 compared to the saline control.
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RESULTS

Experiment 1: Systemic Administration of
Ginkgo biloba Extracts EGb761 Facilitated
Extinction of Conditioned Fear

This experiment assessed the effect of Ginkgo biloba extracts
EGb761 on the extinction of conditioned fear. Since a single
day of extinction training with cue exposure leads to a 35%
decrease in FPS, but 2–3 days leads to near complete
extinction (Lu et al, 2001; Walker et al, 2002; Yang and Lu,
2005), we reasoned that an acceleration of extinction would
be best detected after a single session of extinction training.
Initially, 38 rats were used. Six were excluded for showing
o50% FPS during the pre-extinction test. The final 32 rats
were assigned to four different groups of eight animals based
on their level of FPS in the pre-extinction test. At 24 h after
the pre-extinction test, they received one of the following
treatments: saline (control group), 10 mg/kg EGb761 (low-
dose group), 20 mg/kg EGb761 (medium-dose group), and
50 mg/kg EGb761 (high-dose group). The doses of EGb761
we used here followed the study of Yang et al (2005a). Saline
and EGb761 were injected i.p. 30 min before extinction
training. After 24 h, rats were tested for FPS in the absence of
drugs. EGb761 facilitated extinction of conditioned fear in a
dose-dependent manner (Figure 1b), eliciting a significant

dose effect (F(3,28)¼ 3.162; Po0.05) showing a significant
linear trend (F(1,28)¼ 6.76; Po0.05). The medium-dose group
showed a nonsignificant trend in facilitating extinction. FPS
was significantly lower in rats injected with 50 mg/kg EGb761
before extinction training (t(14)¼ 2.256, Po0.05) compared
to the control group. As 50 mg/kg EGb761 produced a
significant effect, we used this dose in subsequent experi-
ments (experiment 2, 3, and 4). Previous studies have shown
that lesions of the BLA block expression of FPS (Campeau
and Davis, 1995). Since EGb761 may have a toxic effect on
BLA, resulting in misinterpretation of its effects on extinc-
tion, all rats of experiment 1 were retrained and tested 24 h
later. All rats, whether injected with EGb761 or saline,
showed a significant FPS (Figure 1c). Thus the facilitation
effect of EGb761 observed during the postextinction test
appeared to result from an acute drug effect rather than from
a more permanent and, perhaps toxic, action of EGb761.

Experiment 2: Facilitation Effect of EGb761 on
Extinction Required Extinction Training

EGb761 may have nonspecific effects that accelerate the
forgetting process or impair expression of conditioned fear.
This can result in misinterpretation of its facilitation effects
on extinction. To test this possibility, 32 rats received fear

Figure 2 Facilitation effect of EGb761 on extinction required extinction training. (a) Timeline of procedures for experiment 2. (b) Percent fear-
potentiated startle measured in a pre-extinction test and a postextinction test. Rats in each group underwent systemic administration of saline or EGb761
(50 mg/kg) 30 min before a single session of extinction training (with CS) or context exposure (without CS). After 24 h, animals were tested for fear-
potentiated startle in the absence of drugs. Values are mean7SEM, *Po0.05 compared to the saline control group.
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conditioning, extinction training, and testing for FPS.
Initially, 38 rats were used, but six were excluded for the
same reason rats were excluded in experiment 1. Rats were
then assigned into four groups of eight based on their level of
FPS in the pre-extinction test. Groups 1–2 received injections
of saline and EGb761, respectively, 30 min before a single
session of extinction training. After 24 h, rats were tested
for FPS in the absence of drugs. Groups 3–4 received the
injection treatments described above, but were placed in the
test chamber without extinction training (context exposure
only). Results of an ANOVA indicated a significant treatment
(saline and EGb761) by training (extinction training vs
context exposure) interaction (F(1,28)¼ 8.09; Po0.05).
Administration of EGb761 significantly facilitated extinction
of conditioned fear (t(14)¼ 2.48; Po0.05). The facilitation
effect of EGb761 required extinction training. Neither saline
nor EGb761 affected extinction in the context exposure
treated groups (group 4–5). The facilitation effect of EGb761
on the extinction was not the result of impaired expression
of conditioned fear or of accelerated forgetting.

Experiment 3: Effect of Pretest EGb761 Administration
on FPS

This experiment evaluated whether the effect of the EGb761
was secondary to effect on fear or on CS processing. For

example, if EGb761 enhances CS-elicited fear, this might
facilitate extinction by increasing the discrepancy between
that predicted by CS and what actually occurs. To evaluate
this possibility, 16 rats received acclimation, baseline startle
test and fear conditioning (21 rats were used initially, but
five of them were excluded for the same reason described
previously). After 24 h, rats were injected with saline or
EGb761. At 30 min after the injections, rats were tested for
FPS. As shown in Figure 3, at the dose of EGb761 used
here did not significantly influenced FPS. Thus, it is unlikely
that EGb761 influenced extinction by increasing fear or by
disrupting CS processing.

Experiment 4: Systemic Administration of EGb761
after Extinction Training did not Facilitate
Extinction of Conditioned Fear

Recent studies show systemic infusion of glutamate NMDA
receptor agonist D-cycloserine (DCS) (Ledgerwood et al,
2003; Yang and Lu, 2005) or glucocorticoid agonist
dexamethasone (DEX) (Yang et al, 2005b) after extinction
training facilitate extinction. This suggests that DCS and
DEX are involved in the postlearning consolidation phase of
the extinction memory. Postextinction training administra-
tion of EGb761 might also facilitate consolidation of
extinction learning. To test this hypothesis, 16 rats received

Figure 3 Effect of pretest administration of EGb761 on fear-potentiated startle. (a) Timeline of procedures for experiment 3. (b) Percent fear-potentiated
startle measured in a fear-potentiated startle test. Rats in each group underwent either saline or EGb761 (50 mg/kg) 30 min before the fear-potentiated
startle test. values are mean7SEM.
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fear conditioning, extinction training, and testing for FPS.
Initially, 20 rats were used, but four were excluded. Rats
were then randomly assigned to two different groups and
received saline or EGb761 (50 mg/kg) immediately after
extinction training. Results showed that systemic adminis-
tration of EGb761 after extinction training did not facilitate
extinction of conditioned fear (Figure 4b). Therefore,
EGb761 did not influence the memory consolidation phase
of extinction.

Experiment 5: Systemic Administration of EGb761
Enhanced Activation of ERKs Induced by
Extinction Training

The amygdaloid ERKs signal cascade is essential for the
extinction of conditioned fear (Lu et al, 2001; Yang et al,
2005b; Yang and Lu, 2005). Therefore, ERKs may also be
involved in the facilitation effect of EGb761 on extinction.
To test this possibility, 24 rats received fear conditioning,
extinction training, and testing for FPS. Initially, 22 rats
were used, but four were excluded. Animals received one of
the following treatments: Extinction training without
injection (control group), injection of 50 mg/kg EGb761
followed 15 min later by a single session of extinction

training (EGb + EXT), injection of 50 mg/kg EGb761 fol-
lowed 15 min later with context exposure (EGb + context),
and injection of 50 mg/kg EGb761 without extinction
training or context exposure (EGb alone). Animals were
decapitated at 15 min after extinction training or context
exposure. The lateral and basolateral subregions of the
amygdala were tested with Western blot analysis. Compared
with the control, the ERKs phosphorylation was signifi-
cantly elevated in the BLA after treatment with both
extinction training and EGb761 (Figure 5b, lane 2). Neither
EGb761 with context exposure nor EGb761 only showed
extinction training enhancement of ERK1/2 activation
(Figure 5b, lane 3 and 4). The EGb761 enhancement of the
extinction of fear conditioning might be mediated by the
amygdaloid ERK1/2 signaling cascade.

Experiment 6: Intra-Amygdala Infusion of ERK1/2
Inhibitor PD98059 Blocked the Facilitation Effect
EGb761 on Extinction

To test the role of a ERKs-dependent signaling cascade in
the EGb761 enhancement effect on the extinction of fear
conditioning, 32 rats received fear conditioning, extinction
training, and testing for FPS (40 rats were used initially, but

Figure 4 Systemic administration of EGb761 after extinction training did not facilitate extinction of conditioned fear. (a) Timeline of procedures for
experiment 4. (b) Percent fear-potentiated startle measured in a pre-extinction test and in a postextinction test. Rat in each group underwent systemic
injection of saline or EGb761 (50 mg/kg) immediately after a single session of extinction training. After 24 h, animals were tested for fear-potentiated startle in
the absence of drugs. Values are mean7SEM.
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eight were excluded). They were then randomly assigned to
four different groups and received one of the following
treatments: vehicle + saline (VEH + SAL), vehicle + EGb761
(VEH + EGb), PD98059 + EGb761 (PD + EGb), and PD98059
+ saline (PD + SAL). The ERK1/2 inhibitor PD98059 or
vehicle was infused into the BLA 10 min before the injection

of EGb761 or saline. Animals were then returned to
their cage. At 30 min injection of EGb761 or saline, animals
were subjected to a single session of extinction training. As
shown in Figure 6, DMSO or PD98059 (200 ng/side,
bilaterally) were given 10 min before i.p. injection of
saline or EGb761 (50 mg/kg). Rats were returned to their

Figure 5 Systemic administration of EGb761 enhanced activation of MAPK induced by extinction training. (a) Timeline of procedures for experiment 5.
(b) Representative Western blot and densitometric analysis of the expression of ERK1/2 and phosphorylated ERK1/2 in amygdala among different
groups. Rat in each group underwent extinction training only (control group), injection of 50 mg/kg EGb761 plus extinction training (EGb + EXT), injection
of 50 mg/kg EGb761 plus context exposure (EGb + context), and injection of 50 mg/kg EGb761 only (EGb alone). Data are presented as the mean7SEM
(n¼ 6 for each group), **¼ Po0.01 compared to the control group.
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cages for 30 min before a single session of extinction
training. After 24 h, animals were tested for FPS in the
absence of drugs. Results showed that there is a significant
overall difference between treatments. Figure 6 shows that
administration of EGb761 facilitated extinction of
conditioned fear (VEH + EGb) when compared to the
control group (VEH + SAL) (t(14) ¼ 3.12, Po0.05). This
effect was blocked by coadministration of the ERK1/2
inhibitor PD98059 (PD + EGb) (t(14) ¼ 3.08; Po0.05 and
t(14) ¼ 3.29; Po0.05 respectively) when compared to the
VEH + EGb group. With the single extinction training
session used in this experiment, PD98059 alone (PD +
SAL) at this dose did not have any effects on the extinction
compared to control group (VEH + SAL) (t(14)¼ 0.07 and
t(14) ¼ 0.36, respectively). Therefore, an ERK1/2-dependent
signaling cascade most likely mediated the facilitation effect
of EGb761.

Experiment 7: Intra-Amygdala Administration of
EGb761 Facilitated Extinction of Conditioned Fear

We tested the role of BLA in the EGb761 enhancement of
extinction of fear conditioning. Specifically, we were
interested in whether intra-amygdala infusion of EGb761
mimics the effect of systemic administered EGb761. Sixteen
rats with intra-amygdala cannulation received fear con-
ditioning, extinction training, and testing for FPS. Initially,
22 were used, but six were excluded. Rats were assigned into
two groups of eight based on their level of FPS in the pre-
extinction test. The groups received one of the following
treatments: infusion of ACSF alone (control group) or
infusion (2.8 ng/side, bilaterally) of EGb761 (EGb group).
This dose of EGb761 was chosen based on our pilot
experiments which suggested higher doses may have toxic
effects (data not shown). ACSF and EGb761 were infused

Figure 6 Intra-amygdala infusion of the MAPK inhibitors blocked the facilitation effect of EGb761 on extinction. (a) Timeline of procedures for
experiment 6. (b) Cannula was placed in the BLA. Percent fear-potentiated startle measured in a pre-extinction test and a postextinction test. Rats in each
group were injected with either vehicle + saline (VEH + SAL); vehicle + EGb761 (VEH + EGb), PD98059 + EGb761 (PD + EGb), and PD98059 + saline
(PD + SAL) before a single session of extinction training. After 24 h, animals were tested for fear-potentiated startle in the absence of drug
(values are mean7SEM, *Po0.05 versus VEH + SAL group. (c) Cannula tip placements transcribed onto atlas plates adapted from Paxinos and
Watson (1997).
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into the BLA immediately before extinction training. After
24 h, rats were tested for FPS in the absence of drugs. Intra-
amygdala infusion of EGb761 enhanced extinction com-
pared to the control group (t(14) ¼ 2.53, Po0.05). To test for
toxicity of EGb761, all rats were retrained and tested 24 h
later. Animals previously injected with ACSF or EGb761
showed a strong FPS (Figure 7b), indicating that EGb761
did not have a nonspecific toxic effect. These results
suggested the BLA were involved in the facilitation effect
of EGb761 on extinction.

DISCUSSION

We found that either systemic or intra-amygdaloid admin-
istration of Ginkgo biloba EGb761 extract facilitated
extinction of conditioned fear (Figure 1b and 7b). That this
facilitation effect depended on presentation of the CS rather
than simple contextual exposure to the experimental
environment indicated it was not the result of impaired
expression of conditioned fear or accelerated forgetting
(Figure 2b). Rats previously injected with EGb761 showed a
significant FPS after retraining. Thus, the facilitation
appeared to result from an acute drug effect rather than
from a toxic action (Figure 1c). The facilitation effect of
EGb761 could not be attributed to its nonspecific effects on
startle response (Figure 3b). Furthermore, administration of
EGb761 immediately after extinction training did not show
any facilitation of extinction (Figure 4b), suggesting that
facilitation contributed to the acquisition phase of extinc-
tion learning. Finally, the Western blot and ERK1/2
inhibitor results (Figure 5b) implied that an amygdaloid
ERK1/2 signal cascade participated in the facilitation effect
of EGb761 on extinction.

Converging evidence from a variety of studies indicates
that the process of extinction can be enhanced with
pharmacological intervention (Walker et al, 2002; Ledger-
wood et al, 2003, 2004; Yang et al, 2005b). Ours is the first
study we know of showing that acute systemic administra-
tion of EGb761 facilitated extinction of conditioned fear.
Recently, glutamate NMDA receptor agonist DCS and
glucocorticoid receptor agonist dexamethasone are docu-
mented to facilitate extinction of conditioned fear (Walker
et al, 2002; Yang et al, 2005b). Either before or after
extinction training, systemic injections of DCS (Ledgerwood
et al, 2003; Yang and Lu, 2005) or dexamethasone (Yang
et al, 2005b) facilitated extinction of conditioned fear. When
EGb761 was administered immediately after extinction
training, it did not show any facilitation. This suggested
that the facilitation effect of EGb761 contributed to the
acquisition phase instead of consolidation phase of extinc-
tion learning. EGb761 can enhance acetylcholine (Defeudis,
1991) and norepinephrine (Taylor, 1992) transmission.
EGb761 may achieve its effect on the extinction of fear
memory by stimulating norepinephrine release during fear
conditioning, and enhance the perception of fear and
anxiety-inducing stimuli and fear-related behavior. EGb761
also inhibits acetylcholinesterase (AChE), the metabolizing
enzyme of acetylcholine (Das et al, 2002). The inhibition of
AChE is presently the most accepted and recognized
therapeutic marker in the development of cognitive
enhancers (Enz et al, 1993; Siddiqui and Levey, 1999; Das
et al, 2002). Administration of EGb761 may help animals
recruit cognitive resources when presented with ambiguous,
discrepant, or potentially threatening stimuli. In addition,
EGb761 may facilitate the recollection of conditioned fear,
which may help the animal to identify the role of
conditioned stimuli during the extinction training phase.

Figure 7 Intra-amygdala infusion of EGb761 facilitated extinction of conditioned fear. (a) Timeline of procedures for experiment 7. (b) Cannula was
placed in the BLA. Percent fear-potentiated startle measured in a pre-extinction test and in a postextinction test. Rats in each group underwent either ACSF
or EGb761 before a single session of extinction training. After 24 h, animals were tested for fear-potentiated startle in the absence of drug. Data are
presented as the mean7SEM, *Po0.01 compared to the control group. (c) Cannula tip placements transcribed onto atlas plates adapted from Paxinos and
Watson (1997).
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Consistent with current findings showed exogenous admin-
istration of norepinephrine before fear conditioning results
in long-term fear memory formation (Ferry et al, 1999; Das
et al, 2002). It is still not clear that EGb761 did not clearly
affect the expression of FPS. It must be noted that the
method we used may not have been sensitive enough to pick
up any enhancing effect of EGb761 on the expression of
conditioned fear.

EGb761 promotes flow of cerebral blood (Krieglstein et al,
1995), which is associated with improvements in cognitive
function in brain damaged subjects (Defeudis, 1991).
EGb761 also enhances cognitive function in aged people
suffering from insufficient cerebral blood flow (Krieglstein
et al, 1995). Therefore, EGb761 may facilitate memory by
enhancing cerebral blood flow to the brain regions involved
in extinction memory formation. Numerous studies suggest
that the BLA is essential for extinction. We recently proved
that activation of amygdaloid NMDA glutamate receptors or
glucocorticoid receptors facilitates extinction of condi-
tioned fear (Yang and Lu, 2005; Yang et al, 2005b). Other
than the BLA, several brain regions including the dorsal
hippocampus (DH), and the medial prefrontal cortex
(mPFC) are also important for extinction (Davis, 2000;
Davis et al, 2000; Quirk et al, 2000; Vienna et al, 2001; Herry
and Garcia, 2002; Myers and Davis, 2002). Accumulative
evidence indicates that potentiation of prefrontal activity
following extinction seems to be implicated in the long-term
memory processes of extinction (Milad and Quirk, 2002;
Herry and Garcia, 2003; Hugues et al, 2004). Recently, Quirk
and co-workers showed that lesion of the ventral mPFC
delay the recall of fear extinction in rats (Lebrón et al,
2004). Furthermore, consolidation of fear extinction re-
quires protein synthesis in the mPFC (Santini et al, 2004).
Experiments that include local infusion of EGb761 into
these regions are required to identify the target sites
responsible for the facilitation effect of EGb761.

Numerous signaling cascades that include mitogen
activated protein kinase (MAPKs), phosphatidylinositol
3-kinase (PI-3 kinase), calcineurin, calcium/calmodulin-
dependent protein kinase II (CAMKII), and cAMP-depen-
dent protein kinase (PKA) signaling pathways are known to
be involved in the extinction of conditioned fear (Lu et al,
2001; Lin et al, 2003a, b; Szapiro et al, 2003). There are two
major subfamilies of MAPKs that include extracellular
signal-regulated kinase (ERK1/2) and p38. Our results
showed the extinction training induced amygdaloid ERK1/
2 phosphorylation was elevated by EGb761 and that intra-
amygdala infusion of ERK1/2 inhibitor PD98059 blocked
the facilitation effect of EGb761. Since we only used the
ERK1/2 inhibitor, we cannot exclude the possibility that
other signaling pathways are also involved in the EGb761
facilitation effect. Further experiments such as local
infusion of specific inhibitors into mPFC, BLA, and
hippocampus are required to identify related signal
cascades responsible for the facilitation effect of EGb761.

CONCLUSIONS

In conclusion, we report that even a single dose of EGb761
can facilitate extinction of conditioned fear. Both systemic
and intra-amygdaloid administration of EGb761 enhanced

extinction memories when given before extinction training.
This enhancement was blocked by treatment with ERK1/2
inhibitor (PD98059). Our findings match previous findings
by indicating that the extinction process can be accelerated
by pharmacological interventions. EGb761 may serve as a
useful adjunct in the treatment of anxiety disorders and
other disorders responding to behavioral treatments using
the extinction process.
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