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Abstract: Certain experimental procedures in learning and memory research require that the animal be anesthetized soon 
after the acquisition session. Volatile anesthetics, such as isoflurane, are good candidates for this purpose because they 
have both a rapid onset of effect and a quick awakening of the animal when anesthesia is discontinued. However, memory 
consolidation might be affected by a mixed effect of the anesthetic agent itself and the administration procedures. In the 
present experiment, we examined, in male Wistar rats, the effect of 15 or 60 min post-training isoflurane anesthesia on 24 
h object recognition memory, a task depending on perirhinal cortex and hippocampus (Experiment I), and on 24 h or 20 
days retention of a two-way active avoidance task, mainly depending on striatum and amygdala (Experiment II). The 
results showed that the global procedure of anesthesia with isoflurane impaired object recognition memory, but did not 
affect retention of two-way active avoidance, neither when tested 24 h nor 20 days after the acquisition session. We 
concluded that the differential effect of the treatment in these two tasks might be accounted for by an interaction of the 
specific features of the task and the stress produced by the administration procedure of the anesthetic agent. 
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INTRODUCTION 

 The study of neural mechanisms involved in memory 
consolidation requires posttraining treatments to avoid the 
effects on other processes such as the encoding of informa-
tion or attention that could confound the results. Some of 
these experimental strategies may need to anesthetize the 
animal, when painful or seizuring treatments (for example, 
excitotoxic lesions) have to be applied in a post-training 
basis. For this kind of experiments, volatile anesthetics, such 
as isoflurane, are especially recommended because of the 
rapid onset and offset of their hypnotic effect. However, both 
volatile anesthetics and their administration procedures could 
affect memory consolidation. 
 Concerning volatile anesthetics, there are several pieces 
of evidence that they can induce both anterograde and retro-
grade effects on memory, although there are still many open 
questions. With regard to anterograde effects, isoflurane 
administration can affect memory for tasks learned several 
days or even months later. Amongst other factors, the effects 
seem to depend on the age of the animal, the kind of learning 
task, the amount of training, and the delay between 
anesthesia and training [see, for example, references 1-5]. 
 With regard to retrograde effects, mixed results have also 
been found after posttraining anesthesia with volatile anes-
thetics. For example, some studies have found no effect on 
retention of fear conditioning [4], inhibitory avoidance,  
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active avoidance [6], or a well learned spatial task [7], but 
other studies have reported an improvement in memory for 
active avoidance [8], and spatial tasks [9]. Also with a spatial 
task, Culley et al. [10] reported that post-training isoflurane 
improved performance in young rats but impaired it in aged 
rats. Furthermore, in an early study of post-training ether-
induced anesthesia in mice, an impairment of retention in a 
one-trial inhibitory avoidance conditioning task was found 
[11]. Overall, it is not clear what the effect of volatile 
anesthetics on retrograde memory is. 
 Beside the direct influence of the specific anesthetic 
agent used, the procedures required for administering it may 
also exert some effects on learning and memory. To adminis-
ter volatile anesthetic agents, the common practice is to place 
the animal in a relatively small box (induction chamber), and 
then administer the gas. After initial induction, anesthesia 
must be continued in order to administer the posttraining 
treatment (for example, for intracranial infusion of a neuro-
toxin). In rodent brain research experiments, anesthesia 
maintenance is generally provided through a face mask. 
Although anesthetic induction is very quick, the placement 
of the animals in the box may cause some stress. Moreover, 
when recovering from anesthesia, the animals might also 
suffer some distress. It is important to take this issue into 
account, since it is well known that endogenous and exoge-
nous increases in stress related hormones, such as epine-
phrine and glucocorticoids, can have both facilitatory and 
disruptive effects on memory, depending on the dose [12-
16].  
 Due to these possible effects of both volatile anesthetics 
and the administration procedure, when a post-training anes-
thesia is needed in a memory experiment, it would be nece-
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ssary to assess the effect, on memory, of the global proce-
dure of anesthesia (including placement in the induction box 
and maintenance in a stereotaxic mask), rather than that of 
the anesthetic agent alone. From the existing literature we 
cannot predict the way memory would be affected by the 
global anesthesia procedure with a volatile agent. Further-
more, as in the case of other treatments, the effect of the 
global anesthesia procedure might depend on the memory 
task, the retention delay, and the duration of the treatment, 
among other factors. 
 According to those considerations, the main aims of the 
present study was to determine whether the global anesthesia 
procedure with isoflurane (i.e, the effects of the anesthetic 
agent summated to those of the administration procedures) 
affects memory when this treatment takes place immediately 
after a single learning session. We studied this considering 
the three following conditions:  

1. The Memory Task 

 In experiment 1 we used a novel object recognition 
memory task, which appears to be related to the perirhinal 
cortex and hippocampus [17-20]. In Experiment II, animals 
were trained in a massed session of a two-way active 
avoidance conditioning, a task involving both classical and 
instrumental conditioning that is considered to be related 
mainly to striatum and the amygdaloid complex [21-25]. 

2. The Retention Delay 

 The effect of the global anesthetic procedure with 
isoflurane on long-term memory was evaluated 24 h after 
acquisition for novel object recognition task, and 24 h or 20 
days after the training session for active avoidance task. For 
this latter task we measured two different delays of retention 
because it has been shown that the effect of some treatments 
on this task might be observed on long-term memory, with a 
20-day delay between acquisition and memory tests [26].  

3. The Duration of Anesthesia 

 For the two tasks, we tested two durations of post-
training anesthesia, 15 and 60 minutes. 

MATERIALS AND METHODS 

Experiment I 

Subjects 

 We used thirty-one naïve male Wistar rats, obtained from 
our laboratory breeding stock, with a mean age of 97.45 days 
(SD = 2.54) and a mean weight of 424.65 g (SD = 40.87) at 
the beginning of the experiment. All rats were housed singly 
in 22 x 22 x 14-cm plastic-bottomed cages with sawdust 
bedding, kept under conditions of controlled temperature 
(20–22°C) and humidity (40-70 %), and maintained on a 12-
hour light–dark cycle (lights on at 8:00 a.m.). Experiments 
were performed during the first half of the light phase of the 
cycle. Rat-chow pellets (Panlab S.L, A04) and water were 
provided ad libitum. All procedures were performed in 
compliance with the European Community Council directive 
for care and use of laboratory animals (86/609/EEC) and 
with the related directive of the Autonomous Government of 

Catalonia (DOGC 2073 10/7/1995). The experiment was 
approved by the Ethics Committee for Animal and Human 
Experimentation of the Autonomous University of Barcelona 
(permit number 3185). 

Apparatus of Object Recognition and Neophobia Test 

 The apparatus consisted of an open box (65 cm width x 
65 cm length x 35 cm height) made of conglomerate covered 
with brown melamine. The illumination on the floor of the 
box was 50-60 lux. Objects were constructed from Lego that 
varied in shape, color, and size. Since the objects were made 
of the same material, they could not be distinguished by 
olfactory cues. The objects were weighted so that the 
animals could not move them around the arena. They were 
not known to have any ethological significance for the rats 
and they had never been paired with a reinforcer. Three 
different objects were used, two for the object recognition 
task and one for the previous neophobia test. The objects for 
the recognition task were available in duplicate copies. All 
behavioral sessions were recorded with a video camera 
(Canon MVX10i) mounted above the experimental 
apparatus. Tapes were analyzed off-line by an observer who 
was unaware of the treatment condition. 

Post-Training Treatment 

 Animals were anesthetized initially with 5% isoflurane 
(Forane®, Abbot Laboratories, SA, Madrid, Spain) in 
oxygen (0.8l/min) in a Plexiglas chamber (20x13x13cm) for 
3 min. Thereafter the animals were placed on a small 
electrical mat to keep their body temperature, and maintained 
with 2.5%-3.5% isoflurane in oxygen (0.4l/min) for 15 (Iso-
15 group) or 60 minutes (Iso-60 group) with a face mask, a 
condition that may be suitable when certain posttraining 
procedures (intracranial infusion of a neurotoxin, for 
example) are required. Anesthesia depth was continuously 
monitored through visual inspection, as well as through tail-
pinching whenever necessary. To absorb anesthetic vapors 
from the work area and protect the experimenters from 
exposure, an scavenging system (Fluovac System, Harvard 
Apparatus, with a Fluosorber canister inserted) was used. 
Control rats were returned to their home cage after the 
termination of the acquisition session (Ctrl group). 

Handling and Habituation 

 Animals were handled for approximately 5 minutes on 
two consecutive days after being housed singly. Two days 
after the last handling sessions, the rats were habituated to 
the experimental apparatus with 6 sessions of 15 min of 
exploration in the absence of objects on three consecutive 
days (2 sessions per day, 2 hr-delay). 

Neophobia Test 

 The day after the last habituation session, a neophobia 
test was conducted [27]. An unfamiliar object was exposed 
in the center of the open box. The animals were placed in the 
box facing away from the object and allowed to explore the 
object for 5 min. The latency of the first exploration of the 
object and the total time exploring the object were recorded. 
Throughout the experiment, exploration of an object was 
defined as directing the nose to the object at a distance ≤ 2 
cm or touching it with the nose. Turning around or sitting on 
the object was not considered exploratory behavior. 
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Object Recognition Task 

 Object recognition training began 24 h after the 
neophobia test. In the training session, two identical objects 
were placed near the two corners at either end of one side of 
the cage. The rat was placed in the experimental apparatus, 
facing the center of the opposite wall and was allowed to 
explore the two objects for 15 min. To avoid the presence of 
olfactory cues, the apparatus and objects were thoroughly 
cleaned with a vinegar solution (20%) and dried before the 
first rat and after each animal. The time spent in exploring 
each object was recorded. An exclusion criterion of at least 
20 s of total exploration in the training trial was established. 

 Immediately after the acquisition session, animals were 
anesthetized with isoflurane for either 15 (Iso-15 group, 
n=10) or 60 (Iso-60 group, n=10) minutes, and then returned 
to their home cage. Control rats were returned to their home 
cage after the termination of the acquisition session (Ctrl 
group, n=11). The rats were randomly assigned to these 
treatment groups.  

 Retention was tested 24 h after the training session. In the 
retention test, one copy of the familiar object and a new 
object were placed in the same location as the stimuli used 
during the training trial. The specific objects used as either 
familiar or novel, as well as their locations, were used in a 
balanced manner to reduce potential biases due to 
preferences for particular location or object. The rats were 
placed in the open box for 5 min. The time spent exploring 
each object was recorded, for the first minute and for the 
whole retention test. To analyze cognitive performance, a 
discrimination index was calculated ([time exploring the 
novel object – time exploring the familiar object / total time 
spent on both objects] x 100). This kind of ratio makes it 
possible to adjust for any differences in total exploration 
time [28]. This task is based on the natural tendency of rats 
to explore novelty, so that an index significantly higher than 
zero (i.e., animals exploring the novel object more than the 
familiar one) is considered a good recall of the familiar 
object, whereas an index close to zero (i.e., animals 
exploring both objects similarly) is considered a lack of 
recall [27]. 

Statistics 

 The statistical computer package program SPSS 14.0 
(Chicago, IL) was used to analyze the data. One-way 
analysis of variance (ANOVA) was applied considering 
Group (Ctrl, Iso-15, Iso-60) as the independent variable, and 
the first exploration latency and total exploration time in the 
neophobia test or the discrimination index in the acquisition 
(left vs. right) and retention (novel vs. familiar) sessions as 
the dependent variables. For both training and retention 
sessions, the total exploration time of the two objects was 
also considered a dependent variable. Differences between 
groups were determined by a unilateral Dunnett post-hoc 
analysis. One-sample t-tests were used to determine whether 
the discrimination index was different from zero (chance 
level). Statistical significance was set at the level of P ≤ 
0.05. 

 

 

Experiment 2 

Subjects 

 We used seventy naïve male Wistar rats, obtained from 
our laboratory breeding stock, with a mean age of 98.90 days 
(SD = 7.62) and a mean weight of 435.43 g (SD = 41.12) at 
the beginning of the experiment. The animals were housed 
and maintained under the same conditions described for 
Experiment I. All procedures were performed in compliance 
with the European Community Council directive for care and 
use of laboratory animals (86/609/EEC) and with the related 
directive of the Autonomous Government of Catalonia 
(DOGC 2073 10/7/1995). The experiment was approved by 
the Ethics Committee for Animal and Human Experimen-
tation of the Autonomous University of Barcelona (permit 
number 2779).  

Apparatus 

 Two-way active avoidance conditioning was conducted 
in a 50x24x23 cm automated shuttle box (Letica LI-916, 
Panlab,SL, Barcelona, Spain) constructed of Plexiglas. 
Compartment floors (without any physical separation bet-
ween them) were independently electrifiable and constructed 
of stainless-steel bars. The shuttle box was enclosed in a 
sound-attenuating box ventilated by an extractor fan. The 
box was illuminated by a fluorescent light located inside the 
sound-attenuating box. The conditioned stimulus (CS) was a 
60-dB and 1-KHz tone of 3 s duration. The unconditioned 
stimulus (US) was a 0.5-mA electrical footshock, presented 
immediately after the end of the CS, for a maximum of 15s. 
The trials followed a variable interval schedule of 60s (± 
10s).  

Post-Training Treatment 

 The post-training treatment was the same as in 
experiment I. 

Two-Way Avoidance Task Procedure 

 The animals were handled for approximately 5 minutes 
on the two consecutive days after being housed singly. On 
the third day, animals were trained in a two-way active 
avoidance task session (30 trials). Prior to the conditioning 
session, the rats were allowed to ambulate freely in the 
shuttle box for 10 min to become familiarized with the 
learning context [29]. The conditioned stimulus (CS) was a 
60-dB and 1-KHz tone of a 3-sec duration. The uncondi-
tioned stimulus (US) was presented on termination of the CS 
and consisted of a 0.5-mA scrambled electrical footshock. 
During this session, rats could avoid the shock by crossing to 
the adjacent compartment when the CS was on (avoidance 
response). The shuttle box was connected to a computer that 
controlled the training schedule and scored avoidance 
responses (considered to be the level of performance of the 
task), escape responses, and the number of intertrial 
crossings and crossings during the free ambulation period 
(considered an index of locomotor activity). 
 Immediately after the acquisition session, animals were 
anesthetized with isoflurane for 15 (Iso-15 groups) or 60 min 
(Iso-60 groups). Control rats were returned to their home  
 



Posttraining Isoflurane and Memory The Open Behavioral Science Journal, 2011, Volume 5    19 

cage after the termination of the acquisition session (Ctrl 
groups). The rats were randomly assigned to these treatment 
groups. 
 To test the retention of the learned response, rats received 
one additional avoidance session that was identical to the 
acquisition session (10 min of free ambulation in the shuttle 
box followed by 30 trials) 24h or 21 days after the 
acquisition session. The 10 min free ambulation period was 
included to reduce poor performance at the beginning of the 
retention session caused by the warm-up effect [30]. The rats 
were randomly assigned to test retention at 24 h or 21 days.  

Statistics 

 The statistical computer package program SPSS 14.0 
(Chicago, IL) was used to analyze the data. The main 
analyses were carried out by means of analyses of variance 
considering the independent variables to be qualitative (post-
training treatment: Ctrl, Iso-15 and Iso-60; retention interval: 
24hr and 21 days), and the dependent variable to be 
quantitative (repeated measures, performance in each 
session, acquisition and retention: avoidances or crossings). 
Considering that the retention session involves a large 
number of trials with an increasing additional learning 
component as the session goes on, we also analyzed 
performance during the first 10 trials of the retention session, 
that have a greater retention component, and compared this 
with the performance in the last 10 trials of the acquisition 
session [12]. 
 Eight rats displayed abnormal behavior in the acquisition 
session (less than 2 avoidance responses) and were excluded 
from the analyses. The final sample was composed of sixty-
two rats distributed into the 24-hr retention groups (Iso-15, 
n=10; Iso-60, n=10; Ctrl, n=11) and the 21-day retention 
groups (Iso-15, n=10; Iso-60=10; Ctrl, n=11). Due to 
problems with the software used to collect shuttle box data, 
it was not possible to record the number of intertrial 
crossings and crossings during the free ambulation period for 
one rat (control group tested 21 days after the acquisition 
session). Statistical significance was set at P ≤ 0.05. 

RESULTS 

Experiment 1 

Neophobia Test 

 There were no significant differences between groups in 
total exploration time, F (2, 30) = 0.99, p= NS, and latency 
of the first approach to the object, F (2, 30) = 0.25, p = NS, 
during the neophobia test, prior to any pharmacological 
treatment. 

Training Session 

 No animal met the exclusion criteria (<20 s of 
exploration during the training session). ANOVA revealed 
no differences between groups, F (2, 30) = 0.02, p = NS, in 
the mean of the total exploration time of the two identical 
objects in the training session. Moreover, the analysis 
revealed no differences between groups in the discrimination 
index, showing that all groups exhibited comparable 
amounts of time exploring each of the two (left and right) 
identical objects, F (2,30) = 2.20, p = NS.  

Retention Session 

 Fig. (1) shows the discrimination index in the retention 
session. This index was only significantly different from 
zero for the control group, both when considering the first 
minute, t (10) = 6.01, p < .001, or the whole of the retention 
session, t (10) = 3.64, p = .005. That is, control animals 
showed a preference for exploring the novel object, 
indicating memory of the familiar object in the 24-hr 
retention test. In contrast, no exploration preferences for the 
novel object in the isoflurane-treated rats was found, in both 
the Iso-15 and Iso-60 group [Iso-15: first minute t (10) = 
0.44, p= NS, whole session t (10) = 0.86, p= NS; Iso-60: first 
minute t (10) = 1.11, p = NS, whole session t (10) = 0.31, p = 
NS]. Moreover, differences between groups were observed 
when the first minute, F (2,30) = 3.26, p = 0.05, but not the 
whole, F (2,30) = 2.20, p = NS, of the retention session was 
considered. Post-hoc contrast analyses revealed that 15 
minutes of exposure to isoflurane significantly decreased the 

 
Fig. (1). Mean value (±S.E.M.) of the discrimination index in the object recognition task. Only control animals showed a preference for 
exploring the novel object, indicating memory of the familiar object in the 24-hr retention test, both when considering the first minute (+, p < 
0.001) or the whole of the retention session (*, p < 0.005). 15 minutes of exposition to isoflurane significantly decreased the discrimination 
index concerning the first minute of the retention session compared with controls (▲ = 0.03). 
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discrimination index concerning the first minute of the 
retention session compared with controls, bilateral t-Dunnett, 
p = 0.03. 
 The statistical analyses showed no differences between 
groups in the total exploration time of the two objects in the 
retention test, F (2, 30) = 0.68, p = NS. These findings 
indicate that post-training anesthesia with isoflurane did not 
influence the total amount of time spent exploring the two 
objects in the retention test. 

Experiment 2 

 Fig. (2) depicts the mean number of avoidances in the 
acquisition and retention sessions. As seen in this figure, the 
number of avoidance responses increased in all the groups in 
the retention session compared to the acquisition session, the 
level of avoidances in each of these sessions being similar in 
all groups. The analyses of variance showed that there were 
differences between sessions, F (1, 56) = 104.47, p < 0.001, 
but not between groups, F (2, 56) = 0.02, p = NS, or 
retention delays, F (1, 56) = 2.98, p = NS. The interaction 
between the two main factors was also non significant, F (2, 
56) = 0.8, p = NS. Similar results were obtained when we 
analyzed the first 10 trials of the retention session, as well as 
the evolution from the last 10 trials of the acquisition 
session. Again, the analyses of variance showed that only the 
session factor, F (1, 56) = 27.66, p < 0.001, but not the 
group, F (2, 56) = 0.16, p = NS, the retention delay, F (1, 56) 
= 0.8, p = NS, or the interaction effects, F (2, 56) = 0.25, p = 
NS, was statistically significant. 
 The examination of the locomotor activity revealed 
similar results. The mean number of crossings made by the 
subjects during the free pre-session ambulation and the inter-
trial periods significantly decreased from the acquisition to 
the retention session [pre-session, F (1, 55) = 41.92, p < 
0.001; inter-trial, F (1, 55) = 32.39, p < 0.001]. Neither the 
group [pre-session, F (2, 55) = 0.03, p = NS; inter-trial, F (2, 
55) = 0.34, p = NS], the retention delay [pre-session, F (1, 
55) = 3.40, p = NS; inter-trial, F (1, 55) = 1.05, p = NS] nor 
the interaction [pre-session, F (2, 55) = 0.67, p = NS; inter-

trial, F (2, 55) = 0.10, p = NS] effects were statistically 
significant. 

DISCUSSION 

 The main purpose of the present work was to study 
whether the global anesthesia procedure with isoflurane can 
affect memory consolidation when applied immediately after 
training, and whether the effect might depend on the task, the 
duration of the anesthetic treatment, and the interval of 
retention (in the case of two-way active avoidance condi-
tioning). Our results support the view that this treatment can 
affect the memory for object recognition. 
 We found that both 15 and 60 min of immediate post-
training anesthesia with isoflurane impaired 24-h memory 
for the novel object recognition task (experiment I). 
Specifically, in the 24-h retention session the animals in the 
control group explored the novel object more than the 
familiar one, whereas rats in the isoflurane groups explored 
both objects similarly. As explained in the method section, a 
higher exploration of the novel than the familiar object is 
interpreted to be a good recall of the task, whereas similar 
exploration of both objects takes place when rats do not 
remember the task [27]. Thus, the control group, but not the 
isoflurane groups, remembered the task. In addition, 15 min 
of exposure to isoflurane significantly decreased the 
discrimination index in the first minute, compared to the 
control group. Regarding two-way active avoidance we 
found that 15 or 60 min of immediate post-training 
anesthesia with isoflurane did not affect 24 h or 21 day 
retention, neither when considering the whole session nor the 
first ten trials of the retention session (experiment II). So, the 
lack of any effect of the global anesthesia procedure on this 
task does not seem to be due to the influence of additional 
learning during the retention session.  
 Some studies have found that isoflurane can induce hy-
perlocomotion [31], but our results do not seem attributable 
to changes in motor activity. Although a direct measure of 
locomotion was not recorded in Experiment I, the fact that 
differences were found in the discrimination index, but not in 

 
Fig. (2). Mean number of avoidances (±S.E.M.) in the acquisition and retention sessions of two-way active avoidance task. No statistically 
significant differences were observed between groups. 
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the total amount of object exploration during the retention 
test, suggests that the deleterious effect on retention can 
hardly be attributable to any proactive effect of isoflurane on 
locomotion. Moreover, no differences in the locomotor 
measures recorded were found in Experiment II. Therefore, 
the lack of effects in the latter experiment can not be 
explained by any increase in motor activity that could have 
masked an impairing effect of the anesthetic treatment in the 
retention test.  
 The differences in recall found in Experiment I do not 
seem attributable to differences in basal emotional reactivity, 
since the performance of all the groups during the neophobia 
test was similar. Our results cannot be explained, either, by a 
poor level of learning in the anesthetized groups, because the 
level of object exploration in the acquisition session was 
similar in all groups and seemed to be enough to allow 
memory formation (as evidenced by the good recall shown 
by control rats). A possible influence of a preference for one 
of the objects or for the relative location of the novel and 
familiar objects was controlled by counterbalancing these 
variables. 
 These considerations suggest that the post-training anes-
thetic treatment impaired retention performance of object 
recognition by affecting memory consolidation, although a 
proactive effect of anesthesia on retrieval cannot be fully 
disregarded [32-34]. One possible explanation for the diffe-
rential effect of this treatment on memory for object recog-
nition, but not for two-way active avoidance, might be 
related to the brain regions involved in the memory 
consolidation of these tasks. Two-way active avoidance is an 
instrumental conditioning, and appears to be related mainly 
to striatum and amygdaloid complex [21-25, 35]. In contrast, 
novel object recognition memory depends on the perirhinal 
cortex and hippocampus [17-20]. In vitro studies have repor-
ted that isoflurane can affect GABAA and/or NMDA/non-
NMDA receptors, enhancing inhibition on hippocampus and 
amygdala [36, 37], and may disrupt long-term potentiation 
and long-term depression in CA1 [38]. Also, an effect of 
anesthesia on hippocampal neurogenesis and differentiation 
of new neurons has been observed [1, 2], although some 
works have failed to find evidences of such an effect [3, 39]. 
Those discrepancies might be related to the time when 
neurogenesis is measured after anesthesia. Isoflurane has 
also been found to regulate hippocampal expression of seve-
ral proteins related to synaptic plasticity, stress response, 
detoxification, and cytoskeleton immediately and several 
days after anesthesia recovery [40], and to decrease acetilco-
line [41] and serotonin [42] release in the hippocampus. 
Jointly, those data suggest that post-training isoflurane might 
exert higher effects on memory consolidation of tasks 
depending on hippocampus than of tasks related to implicit 
memory systems. Two of the experiments that have studied 
the effect of post-training isoflurane on memory found 
improvement in retention of one-way active avoidance [8], 
and improvement of spatial memory in young rats, and 
disruption of the same task in aged rats [10]. Spatial tasks are 
hippocampal-dependant [43-45], and one-way active avoi-
dance also seems to be related to the hippocampus, among 
other brain regions [46, 47]. However, Butterfield et al. [7], 
also using spatial task, failed to observe any effect of post-
training isoflurane. Similarly, Dutton et al. [4] found no 
effects of posttraining isoflurane on fear pavlovian 

conditioning, either to a tone (which is mainly related to the 
amygdala) or to a context (an hippocampal dependant task), 
while low isoflurane doses during training disrupted both 
tasks.  
 Along with differences in the brain regions involved in 
memory consolidation, the tasks used in our work are 
different in many aspects. The main differences are in rein-
forcement modality (shock vs. novelty) and motivation level. 
It is plausible to consider that the motivation level for two-
way active avoidance task may be stronger than that for 
object recognition. This would explain why the former task 
was not affected by the treatment. Another difference bet-
ween the two tasks relies in the amount of training needed. 
Two-way active avoidance requires more training than object 
recognition. Hence, at the end of the training session the 
level of avoidance responses was far from asymptotic, so 
that memory of this task at the end of the acquisition session 
was probably not very strong. In spite of that, memory for 
this task was not disrupted by the isoflurane procedures. 
Neither there was a disruption of further learning during the 
retention test, since the statistical analyses of the evolution of 
avoidances from the last ten trials in the acquisition session 
to the first ten trials in the retention session showed a 
significant increase in avoidances that did not depend on the 
group. 
 In addition to isoflurane, some factors associated to the 
administration procedure of the anesthetic agent might have 
contributed to the impairment of object recognition memory 
observed in our experiments. The procedures used in this 
work are common in brain research experiments and inclu-
ded induction of anesthesia in a chamber and maintenance by 
supplying isoflurane through a face mask suitable for being 
fitted to a stereotaxia apparatus. The confinement of the 
animals to the induction chamber may induce some degree 
of stress. Much evidence has shown that stress, as well as 
stress-related hormones, such as epinephrine and glucocor-
ticoids, can modulate memory [13, 15, 16, 48, 49]. There is 
extensive evidence that the amygdala is critically involved in 
mediating this memory modulatory effect and that projec-
tions from the amygdala modulate memory consolidation 
occurring in other brain regions, such as hippocampus [13]. 
Therefore, stress could have differentially modulated the 
long-term object recognition memory task, in part depending 
on hippocampus, without affecting the other task, which is 
mainly related to striatum. However, it has been observed 
that stress and stress-related hormones can modulate long-
term memory both of the object recognition task [48-52], and 
of two-way active avoidance [12, 26, 53]. 
 The differential effect on object recognition memory and 
two-way active avoidance observed in our work can also be 
explained by an interaction between anesthesia itself, the 
level of arousal of the task, and the stress produced by the 
anesthetic administration procedure. These combined factors 
may have caused a stress event taking place after the training 
session which may have impaired the task associated to a 
low level of arousal (i.e., object recognition task in rats 
habituated previously to the learning context), while sparing 
the other task associated to a high level of arousal. 
Concerning the two-way active avoidance task, previous 
studies have shown that post-training epinephrine [12, 26] or 
induction of a moderate stress [53] can improve long-term 
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retention. But in the present experiment this improvement 
was not observed, maybe because the stress associated to the 
administration of the anesthetic is relatively low compared to 
the stress associated with the task itself. In view of the stated 
data, it is unlikely that stress alone can explain the differen-
tial effects found on object recognition and on two-way 
active avoidance after posttraining isoflurane administration, 
although stress may have contributed to the isoflurane effect. 
 To summarise, the global anesthesia procedure with iso-
flurane immediately after the training session impaired 
object recognition memory, but did not affect the two-way 
active avoidance task. We suggest that this differential effect 
could depend, among other factors, on the level of arousal/ 
stress of the learning task, and the brain region involved in 
memory consolidation of these tasks. Our results could have 
important implications for memory studies that require the 
administration of post-training treatments under anesthesia, 
even when the anesthesia is as short as 15 min. 
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