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Abstract

The deduced memory consolidation and reconsolidation phases are sensitive to similar amnesic
and memory-enhancing treatment.  Electroconvulsive stimulus has been well known to impair memory
consolidation.  Therefore, we hypothesized that electroconvulsive stimulus might disrupt reconsolidation
for conditioning-established memories.  Delivery of a 200-msec electroconvulsive stimulus (500 V, 25
mA) between mouse pinnas immediately after recall of the cocaine-induced conditioned place preference
(CPP) impaired the reconsolidation and subsequent expression of this memory.  In contrast, the elec-
troconvulsive stimulus (500 V, 25 mA, lasting for 200 ms) did not affect subsequent cocaine-induced CPP
performance when the recall procedure was omitted.  Systemic pentobarbital injection immediately
after the CPP test did not affect subsequent cocaine-induced CPP.  Interestingly, several regimens of
electroconvulsive stimulus given immediately after the recall of cocaine-induced CPP did not affect
subsequent CPP performance when mice were anesthetized by pentobarbital throughout the ECS
regimens.  Finally, delivery of the ECS (500 V, 25 mA, lasting for 200 ms) immediately after the reac-
tivation of passive avoidance (PA) and food-induced CPP impaired subsequent performance of these
memories in the retest.  Taken together, we conclude that a short-lasting electroconvulsive stimulus can
deteriorate the reconsolidation of various forms of memory established by conditioning.
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Introduction

Electroconvulsive therapy (ECT) has been used
to treat various major affective disorders, particularly
medication-resistant major depressive disorder.  A
recent report documents that a currently used ECT
does cause retrograde amnesia in patients (13).  In
fact, a clinical course of ECT has been found to cause
impairment for both retrograde and anterograde
memory (20).  Interestingly, a meta-analysis study

reveals that retrograde and anterograde amnesia
associated with ECT are mainly limited to the first 3
days after the conclusion of ECT (23).  These results,
taken together, suggest that a clinical use of electro-
convulsive stimulus can impair memory consolidation
or establishment.

Lately, it has been proposed that a memory,
when reactivated through retrieval (or recall), can
return to a labile state.  Retrieved memories appear to
undergo a spontaneous reconsolidation process in
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order to be maintained in their original form or,
alternatively, they may be modified by introducing
contemporary experience to form a new memory (1,
7, 8, 16, 22, 24).  Traumatic event-related memory
plays an important role in the maintenance of post-
traumatic stress disorder (PTSD) (3).  Likewise, drug-
associated cue/context memory has been identified as
a critical factor in inducing drug-seeking behavior
and precipitating drug relapse (25).  Disruption of
these exceptionally long-lasting and maladaptive
memories has clinical implications, especially for the
treatment of PTSD and cocaine dependence.  Although
it remains to be in debate whether memory reconsolida-
tion is just one form of memory consolidation, memory
consolidation and reconsolidation are both deduced
from a similar time-dependent stabilization process
and comparable sensitivity to memory-enhancing
and amnesic treatments (15).  Since electroconvulsive
stimulus (ECS) has been known to impair memory
consolidation, it is reasonable to hypothesize that an
ECS might impair the reconsolidation of consolidated
and stabilized memories.  In an attempt to test this
hypothesis, short-lasting ECS (500 V, 25 mA, 200 ms
in duration) was used immediately after recall of
several consolidated memories established by con-
ditioning procedures, including cocaine-induced con-
ditioned place preference (CPP), passive avoidance
(PA), and food-induced CPP.  Subsequent performance
of these memories was anticipated to be decreased by
the ECS treatment.

The therapeutic efficacy of ECT has been known
to be related to the duration of the ECT-induced
seizures (17).  Although short-acting anesthetics,
including methohexital, thiopental, and propofol, are
frequently used to provide general anesthesia for
ECT, excessive dosing of these agents can reduce the
duration of the induced seizures and very likely com-
promise the efficacy of the ECT (17-19, 26).  There-
fore, we decided to examine the efficacy of several
ECS regimens on modulating memory reconsolida-
tion by using an anesthetic, sodium pentobarbital, on
the experimental animals.

Materials and Methods

Animals

Male C57BL/6NJ mice, at 9-10 wks of age,
were group housed in plastic cages (four per cage) in
a temperature- and humidity-controlled colony room
on a 12-h light/dark cycle with lights on at 0700.
Except the mice used for food-induced CPP exper-
iment, mice had access to food (Purina Mouse Chow,
Richmond, IN, USA) and tap water ad libitum
throughout the experiment.  Mice used for food-
induced CPP experiment were individually housed

and their body weights were monitored throughout
the experiment.  All experiments were conducted
in a temperature (23 ± 1°C)- and humidity (70%)-
controlled laboratory.  This study was performed in
accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals
(NIH Publications No. 80-23) revised in 1996.  All
procedures were approved by the local Animal Care
Committee at National Cheng Kung University
College of Medicine.

Electroconvulsive Stimulus Delivery

A laboratory DC power supply (GPQ-50H05L,
GW Instrument, Taipei, Taiwan) was used for the
purpose of electroconvulsive stimulus delivery.  A
200-ms electrical stimulus (500 V and 25 mA) was
delivered between left and right pinnas.  Mice ex-
hibited an episode (usually less than 10 s) of clonic
and/or tonic seizures after successful delivery of this
electroconvulsive shock.  Likewise, variant electro-
convulsive shock regimens (500 V, 25 mA for 200
ms; 300 V, 25 mA, for 50 s; 300 V, 25 mA, for 40 s)
were used in an attempt to examine whether these
regimens might affect memory reconsolidation when
mice were under anesthesia.

Cocaine-Induced CPP Training, Test and Retest

Cocaine hydrochloride was obtained from Sigma
Chem (St. Louis, MO, USA) and freshly dissolved in
saline before use.  Cocaine-induced CPP training, test
and retest were conducted in 3-compartment chambers
designed for mice (MedAssociates Inc., Georgia, VT,
USA) as described in our previous reports (4, 9, 12).
Chambers were deodorized by a thorough cleaning
with an isopropyl alcohol (70%)-rinsed paper towel
wiping and then thoroughly dried before each training
and test bout.  First, mice were placed in the center of
any randomly chosen chamber and the time spent in
each compartment of the chamber was measured for
unconditioned preference in a 15-min pretest.  Mice
spending less than 40% of the time in any one com-
partment or center were included in the study.  For
cocaine-induced CPP training, mice received an intra-
peritoneal (i.p.) saline injection between 0800 and
1000 and were immediately confined in their uncon-
ditioned preferred compartment for 30 min.  Approx-
imately 8 h later, mice received a cocaine (10 mg/kg,
i.p.) injection and were immediately confined in their
unconditioned non-preferred compartment for 30 min.
These procedures were repeated for 3 consecutive
days.  Approximately 16 h after the conclusion of the
last bout of cocaine pairing, mice were placed in the
center with guillotine doors open and a 15-min CPP
test was started.  Durations (in sec) for mice exploring
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received the ECS (500V, 25 mA, 200 ms), while the
control group (n = 4) did not receive the stimulus.
Approximately 24 h after the CPP test, the two groups
of mice underwent a 15-min retest.

Passive Avoidance (PA) Training, Test, and Retest

The one-way step-through PA task was used (14).
The custom-made apparatus consisted of a trough-
shaped chamber divided by a sliding door into an
illuminated and dark compartment.  A commercial
shock generator (SMSCK, Kinder Scientific Com LLC,
Poway, CA, USA) was connected to the floor of the
dark compartment.  For PA training, mice were placed
at the far end of the illuminated compartment facing
away from the door.  As the mouse entered the dark
compartment, the door was manually closed.  A 1-mA
foot shock was given to the mouse for 5 sec after a
3-sec delay in the dark compartment.  The mouse was
left in the dark compartment for another 10 s, then
removed from the apparatus and returned to the home
cage.  Approximately 24 h later, mice were individually
placed into the illuminated compartment and the latency
to step into (with all four paws) the dark compartment
was recorded as the measure of retention time.  If a
ceiling retention time of 600 s was reached, mice were
then forced to enter the dark compartment to stay in the
compartment for 30 s (9).  Immediately following this
test, one group of mice (n = 17) received the ECS (500
V, 250 mA, 200 ms) treatment, while the control group
(n = 17) did not receive the ECS.  Approximately 24 h
after the PA test, mice underwent a retest.  The ceiling
scores in the retests were also assigned as 600 s.  PA
magnitude for each mouse was represented by sub-
tracting the retention time in the training from the
retention time in the test (or retest).

Statistics

Two-way ANOVAs were employed to examine
establishment and maintenance of cocaine-induced
CPP, food-induced CPP and PA memory followed by
Bonferroni post hoc tests if appropriate.  The levels
of statistical significance were set at P < 0.05.

Results

The ECS (500 V, 25 mA, 200 ms in Duration),
Administered Immediately after Reactivation of
Cocaine-Induced CPP, Impaired Reconsolidation
and Subsequent Performance of the Memory

A two-way (time × group) ANOVA revealed
that 6 groups of mice exhibited reliable cocaine-
induced CPP in the test (F(1,102) = 760.1, P < 0.0001)
(Fig. 1).  Most importantly, 6 groups of mice exhibited

each of the three compartments were recorded.  The
magnitude of cocaine-induced CPP was individually
represented by subtracting the time spent in the saline-
paired compartment from the time spent in the cocaine-
paired compartment in both test and retest.  In order
to determine critical time points for the effectiveness
of ECS administration, 57 mice were used.  Mice
received the ECS (500 V, 25 mA, 200 ms in duration)
2 h before the test (n = 9), immediately after the test
(n = 11), 30 min after the test (n = 7), 2 h after the
test (n = 8), 4 h after the test (n = 10), respectively.
Twelve mice undergoing a retest approximately 24 h
after the CPP test served as controls.  They all under-
went a retest approximately 24 h after the CPP test.
A batch of 39 mice was used to test the modulating
effect of the ECS (500 V, 25 mA, 200 ms in duration)
on cocaine-induced CPP performance when recall of
the memory was omitted.  Another batch of 31 mice
was used to test the impact of pentobarbital anesthesia
on the efficacy of various electroconvulsive regimens.
Sodium pentobarbital solution (5 mg/ml) was freshly
prepared and given, i.p. to mice at a dose of 50
mg/kg.  Finally, 9 mice were used to test the impact
of pentobarbital anesthesia on subsequent cocaine-
induced CPP performance.

Food-Induced CPP Training, Test and Retest

All procedures for food-induced CPP were
conducted in commercial chambers (Med Associates
Inc.).  Mouse unconditioned preference for the re-
spective chamber was determined using a similar
procedure and criterion as described in the cocaine-
induced CPP pretest.  Throughout the experiment,
mice had access to water ad libitum, while they were
under food deprivation and their body weights were
monitored as previously reported (10).  In brief, a
piece (approximately 2.8 g) of mouse chow was
provided per day for each mouse 3 days before the
beginning of the food-induced CPP pretest.  Mouse
body weight was reduced to 95% of their original
body weight before the beginning of food-induced
CPP training.  They received food-induced CPP
training for 5 days.  Each morning, mice were confined
in the non-preferred compartment where 4 sucrose
pellets (10) were provided in a tray for 15 min.  Eight
hours apart, mice were placed in the preferred
compartment where an empty tray was available for
15 min.  In a 15-min food-induced CPP test, mice
were placed in the center of the chambers with guillo-
tine doors open.  Sucrose pellet was no longer provided
in this test.  Food-induced CPP was represented by
subtracting the time spent in no food pellet-associated
compartment from the time spent in food pellet-
associated compartment.  Immediately following the
food-induced CPP test, one group of mice (n = 4)
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comparable cocaine-induced CPP magnitude in the
test (F(5,102) = 0.1135, P = 0.9892).  Immediately after
cocaine-induced CPP test, the ECS was found to im-
pair subsequent cocaine-induced CPP performance in
retest (F(5,102) = 4.416, P = 0.0011) (Fig. 1).  However,
the ECS did not affect subsequent cocaine-induced
CPP performance when the ECS was given 2 h before,
30 min, 2 or 4 h after the cocaine-induced CPP test.
Nor did the ECS affect cocaine-induced CPP per-
formance when the test (recall procedure) was omitted
(F(1,74) = 0.112, P = 0.7388) (Fig. 2).

Variant ECS Regimens (500 V, 25 mA, 200 ms; 300 V,
25 mA, 50 s; 300 V, 25 mA, 40 s) Did not Affect the
Reconsolidation of Cocaine-Induced CPP When Mice
Were under Pentobarbital Anesthesia

A two-way (time × group) ANOVA showed that
4 groups of mice exhibited reliable cocaine-induced
CPP in the test (F(1,54) = 469.7, P < 0.0001).  More-
over, 4 groups of mice displayed comparable cocaine-
induced CPP magnitude in the test (F(3,54) = 0.1284,
P = 0.9429) (Fig. 3).  Immediately after CPP test,
three ECS regimens were delivered to mice.  Mice re-

Fig. 1. The modulating effect of an electroconvulsive stimulus
(ECS, 500 V, 25 mA and 200 ms) delivered before and
after the test on subsequent cocaine-induced CPP perfor-
mance in the retest.  Six groups of mice acquired reliable
cocaine-induced CPP in the test.  Immediately after the
test, delivery of the ECS significantly diminished
cocaine-induced CPP performance in the retest.  *Sig-
nificantly greater than the corresponding cocaine-
induced CPP magnitude in pretest.  #Significantly lower
than the other five groups in the retest.

*** * * *
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Fig. 2. With omission of cocaine-induced CPP reactivation
procedure, effect of the electroconvulsive stimulus (ECS,
500 V, 25 mA and 200 ms) on cocaine-induced CPP
performance.  The ECS did not affect cocaine-induced
CPP performance in the test when memory reactivation
procedure was omitted.  Approximately 16 h after conclu-
sion of the last bout of cocaine conditioning, mice (n =
19) received the ECS.  *Significantly greater than the re-
spective cocaine-induced CPP magnitude in the pretest.
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Fig. 3. Effects of three regimens of electroconvulsive stimulus
(ECS) (500 V, 25 mA for 200 ms; 300 V, 25 mA, for 50
s; 300 V, 25 mA, for 40 s) administered under anesthesia
on the reconsolidation of cocaine-induced CPP.  Four
groups of mice acquired reliable and comparable
cocaine-induced CPP in the test.  Three regimens of ECS
all induced grand mal seizures in mice.  However, these
ECS regimens administering immediately after the reac-
tivation of cocaine-induced CPP did not affect subse-
quent cocaine-induced CPP performance when mice
were under sodium pentobarbital anesthesia.  *Signifi-
cantly higher than the respective cocaine-induced CPP
in pretest.
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ceiving pentobarbital injection but no ECS exhibited
unaltered cocaine-induced CPP performance in retest
(F(1,54) = 0.4198, P = 0.5198)  (Fig. 3).  Mice receiving
three ECS regimens under pentobarbital anesthesia
displayed unaltered cocaine-induced CPP performance
in retest (F(3,54) = 1.391, P = 0.2555) (Fig. 3).  In an
attempt to examine the impact of pentobarbital anes-
thesia on the reconsolidation of cocaine-induced CPP,
mice were injected with pentobarbital immediately
after the CPP test.  In Fig. 4, it was obvious that two
groups of mice exhibited reliable cocaine-induced
CPP in the test (F(1,14) = 227, P < 0.0001).  Two groups
of mice exhibited comparable cocaine-induced CPP
magnitude in the test (F(1,14) = 0.0734, P = 0.7904).
We, then, observed that whether an intraperitoneal
sodium pentobarbital injection immediately after the
test might affect subsequent cocaine-induced CPP
performance in retest.  Immediately after the test,
sodium pentobarbital injection alone did not affect
the maintenance of cocaine-induced CPP in the retest
(F(1,14) = 0.3174, P = 0.5821) (Fig. 4).

The ECS (500 V, 25 mA, 200 ms), Administered
Immediately after Recall of PA, Impaired
Reconsolidation and thus Subsequent Performance
of the Memory

A two-way (time × group) ANOVA revealed
that two groups of mice exhibited reliable PA memory
in the test (F(1,64) = 2249, P < 0.0001) (Fig. 5).  Two
groups of mice exhibited comparable PA memory in

the test (F(1,64) = 0.8054, P = 0.3728) (Fig. 5).  Im-
mediately after the passive avoidance test, the ECS
significantly impaired reconsolidation and subsequent
retention time in retest (F(1,64) = 13.75, P = 0.0004)
(Fig. 5).

The ECS (500 V, 25 mA, 200 ms), Administered
Immediately after Recall of Food-Induced CPP,
Impaired Reconsolidation and Subsequent
Performance of the Memory

Two groups of mice exhibited reliable food-
induced CPP after the food-induced CPP training
protocol (F(1,12) = 125.3, P < 0.0001) (Fig. 6).  Im-
portantly, two groups of mice exhibited comparable
food-induced CPP magnitude in the test (F(1,12) =
1.946, P = 0.1883) (Fig. 6).  Immediately after the
food-induced CPP test, the ECS was found to impair
subsequent food-induced CPP performance in the
retest (F(1,12) = 8.319, P = 0.0137) (Fig. 6).

Discussion

Pavlovian and operant conditionings are both
associative learning paradigms.  Pavlovian condi-
tioning refers to a learning process in which an orig-
inally neutral stimulus becomes associated with a
specific physiological or behavioral response that the

Fig. 4. Effects of sodium pentobarbital injection on the
reconsolidation of cocaine-induced CPP.  Two groups of
mice acquired reliable and comparable cocaine-induced
CPP in the test.  Intraperitoneal injection with sodium
pentobarbital immediately after the test did not affect
subsequent cocaine-induced CPP performance.  *Sig-
nificantly higher than the respective cocaine-induced
CPP in pretest.
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Fig. 5. Effect of the electroconvulsive stimulus (ECS, 500 V,
250 mA, 200 ms) delivered immediately after the test on
subsequent passive avoidance (PA) performance.  Two
groups of mice acquired reliable and comparable PA
memory in the test.  Immediately after the PA test,
delivery of the ECS significantly diminished PA perfor-
mance in the retest.  *Significantly higher than the
corresponding retention time in training.  #Significantly
lower than the respective retention time in the test.
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stimulus did not originally produce.  In operant con-
ditioning, learning can occur as a result of stimuli that
either strengthen or weaken the likelihood of a given
behavioral response.  In this study, we found that
delivery of a brief electroconvulsive stimulus im-
mediately after the recall of cocaine-induced CPP
impaired the reconsolidation and subsequent cocaine-
induced CPP performance.  Likewise, delivery of this
brief electroconvulsive stimulus immediately after
recall of passive avoidance and food-induced CPP
memory effectively impaired subsequent performance
of these memories in the retest.  In contrast, this brief
electroconvulsive stimulus did not affect subsequent
cocaine-induced CPP performance when the memory
recall procedure was omitted.  These results, taken
together, suggest that a short-lasting electroconvulsive
stimulus delivered immediately after recall of various
forms of memory established by conditioning proce-
dures can disrupt reconsolidation of these memories
and impair their subsequent performance even these
memories are already established and stabilized.

In our experimental design, the brief electro-
convulsive stimulus was delivered right after memory
tests.  In theory, new memory can be formed from the
memory tests (5) because experimental animals may
learn to associate the unconditioned stimulus (US)
absence (cocaine, food pellet no longer available)
with the original conditioned stimuli (CS).  Therefore,
the brief electroconvulsive stimulus might impair the
consolidation (formation) of these new experiences

and mice’ original memories should be intact.  How-
ever, experimental animals displayed decreased
memory performance in the retests in these forms
of conditioning-supported memory.  Therefore, the
brief electroconvulsive stimulus is less likely to
deteriorate subsequent memory performance by
impairing the consolidation of new memories.
Traumatic event-related memory and cocaine-
associated cue/context memory have been documented
to play an important roles in maintaining PTSD and
cocaine dependence (2, 25).  Immediately after
memory recall, the brief electroconvulsive (500 V,
250 mA, 200 ms) stimulus exerted reliable, consistent
memory-deteriorating effects on various forms of
conditionings.  Given the extinction-resistant char-
acteristic of these maladaptive memories, our results
suggest that patients afflicted with PTSD and/or
cocaine dependence could gain benefit from this brief
electroconvulsive therapy.

Lately, two hypothetical functions of memory
reconsolidation are provided (6).  First, reconsolida-
tion might be a means of strengthening the original
memory (2).  Second, reconsolidation might serve as
a mechanism whereby the original memory may be
updated to incorporate new information (11).  Al-
though these hypothetical functions of memory recon-
solidation are not mutually exclusive, incorporating
new information and/or strengthening original
memory would be unnecessary when memory retrieval
is omitted.  Therefore, we observed that the brief
electroconvulsive stimulus did not affect the recon-
solidation or subsequent performance of cocaine-
induced CPP when the memory recall procedure was
omitted.

The therapeutic efficacy of ECT has been pos-
itively correlated with the duration of the ECT-induced
seizures (17).  Excessive dosing of anesthetics can
reduce the duration of the ECT-induced seizures and
therefore compromise the ECT efficacy (17, 18, 19,
26).  Three electroconvulsive procedures used in this
study all produced tonic and clonic seizures in mice.
However, these electroconvulsive procedures did not
cause obvious seizures when mice were under sodium
pentobarbital anesthesia.  Interestingly, these elec-
troconvulsive procedures did not affect subsequent
cocaine-induced CPP performance when mice were
anesthetized by sodium pentobarbital during the
electroconvulsive procedures.  In parallel with the
association of ECT efficacy and ECT-induced sei-
zures, our results support a notion that electrocon-
vulsive stimulus-exerted memory-deteriorating effect
is correlated with the stimulus-induced seizures.
Nonetheless, it was of importance to note that sodium
pentobarbital injection immediately after the CPP
test did not affect subsequent cocaine-induced CPP
performance, suggesting that anesthetic state may

Fig. 6. The modulating effect of the electroconvulsive stimulus
(ECS, 500 V, 250 mA, 200 ms) delivered immediately
after the test on subsequent food-induced CPP per-
formance.  Two groups of mice acquired reliable and
comparable food-induced CPP in the test.  Immediately
after the food-induced CPP test, delivery of the ECS
significantly diminished food-induced CPP performance
in the retest.  *Significantly higher than the correspond-
ing food-induced CPP magnitude in pretest.  #Signifi-
cantly lower than the food-induced CPP magnitude in
mice receiving no ECS after the test.
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not alter memory reconsolidation.  It is likely that
an anesthetic state may impair electroconvulsive
stimulus-produced memory-deteriorating effect by
depressing the convulsive stimulus-provoked epileptic
waves in brain.  Alternatively, we hypothesize that
basal neuronal activity level could be permissive for
the incidence of electroconvulsive stimulus-produced
memory-deteriorating effect.

A previous study ever documents that a single
electroconvulsive shock impairs inhibitory avoidance
learning and cued classical fear conditioning by
inducing a temporary anxiolytic or analgesic effect
(21).  Although the electroconvulsive stimulus (500
V, 25 mA, 200 ms) impaired cocaine-induced CPP
performance, this result was unlikely due to the
anxiolytic or analgesic effect produced by the ECS
that we used.  Reasons are two-fold.  First, potentially
anxiolytic or analgesic effect produced by the ECS
(500 V, 25 mA, 200 ms) can not retrospectively affect
mice’ performance in cocaine-induced CPP test or
their performance 24 h later.  The latter prediction can
be supported by our observation that the ECS
administered 4 h after the cocaine-induced CPP test
did not affect mice’ performance 20 and 22 h later.
With omission of memory recall procedure, the ECS
administered did not alter cocaine-induced CPP
performance 24 h later.  Second, injection with a
well-known anxiolytic and analgesic barbiturate,
pentobarbital, did not affect mice’ cocaine-induced
CPP performance 24 h later.

In this study, we found that the electroconvul-
sive stimulus (500 V, 25 mA, 200 ms) administered
immediately after the recall of cocaine-induced CPP
impaired subsequent expression of this memory.
Nevertheless, the electroconvulsive stimulus did not
affect subsequent cocaine-induced CPP performance
when the memory recall procedure was omitted.  The
electroconvulsive stimulus administered immediately
after the reactivation of passive avoidance and food-
induced CPP impaired subsequent performance of
these memories in the retest.  These results, taken
together, prompt us to conclude that a short-lasting
electroconvulsive stimulus can deteriorate the recon-
solidation of memories established by conditioning.
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