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Abstract

Background—With growing evidence that anesthesia exposure in infancy affects cognitive
development, it is important to understand how distinct anesthetic agents and combinations can
alter long-term memory. Investigations of neuronal death suggest that combining anesthetic agents
increases the extent of neuronal injury. However, it is unclear how the use of simultaneously
combined anesthetics affects cognitive outcome relative to the use of a single agent.

Methods—Postnatal day (P)7 male rats were administered either sevoflurane as a single agent or
the combined delivery of sevoflurane with nitrous oxide at 1 Minimum Alveolar Concentration for
4 h. Behavior was assessed in adulthood using the forced alternating T-maze, social recognition,
and context-specific object recognition tasks.
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Results—Animals exposed to either anesthetic were unimpaired in the forced alternating T-maze
test and had intact social recognition. Subjects treated with the combined anesthetic displayed a
deficit, however, in the object recognition task, while those treated with sevoflurane alone were
unaffected.

Conclusion—A combined sevoflurane and nitrous oxide anesthetic led to a distinct behavioral
outcome compared with sevoflurane alone, suggesting that the simultaneous use of multiple agents
may uniquely influence early neural and cognitive development and potentially impacts
associative memory.

volatile anesthetics; sevoflurane +/- nitrous oxide; memory; neurotoxicity

Introduction

Every day, children around the world undergo general anesthesia for various procedures and
operations. Epidemiologic studies have raised concerns that humans are susceptible to long-
term effects on learning and memory following exposure to anesthesia at an early agel: 2.
Animal models reveal that neonates exposed to anesthetics suffer extensive neuronal death
and persistent memory deficits 3-12, With increasing evidence regarding the detrimental
effects of neonatal anesthesia exposure, it is important to understand how anesthetic agents
and combinations of agents might influence cognitive development.

Sevoflurane is a volatile anesthetic frequently used in children as a sole agent or in
conjunction with nitrous oxide, a separate type of anesthetic. These anesthetics exert their
effects via different mechanisms — sevoflurane is believed to be a Gamma-Aminobutyric
Acid (GABA,) agonist 13- 14 while nitrous oxide acts as an N-methyl-D-aspartate (NMDA)
receptor antagonist’>17. In the past, studies of neuronal death have indicated that the co-
administration of a GABA agonist with an NMDA antagonist might result in greater
neuronal death than either agent individually8. In addition, others have shown that the
addition of nitrous oxide to another volatile anesthetic leads to increased neurotoxicity1® 20,

Although there are numerous studies of cell death® 11 18-22 there is a lack of behavioral
experiments to accompany them. The important outcome of cognition and memory after
anesthetic exposure is, therefore, understudied. As a result, it remains unclear whether
anesthetics may induce different long-term effects on memory when used in combination
rather than as individual agents.

Minimum Alveolar Concentration 23 is the minimum amount of inhaled anesthetic required
to prevent movement in response to a painful stimulus and is a reliable measure of
potency?4 25, Unlike in adult rodents, MAC in newborns is not a fixed concentration but
decreases over time and involves continual adjustment of the concentration: 26, By
adjusting to 1 MAC, we are able to compare cognitive outcomes from anesthetics that are
similar in potency8. In the present study, we investigated whether a combined anesthetic of
sevoflurane and nitrous oxide would lead to a different behavioral outcome than sevoflurane
alone. Following exposure to 1 MAC of either anesthetic as newborns, long-term memory
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was evaluated by testing subjects in the forced alternating T-maze, social recognition, and an
object recognition task relying on associative learning.

Materials and Methods

Subjects

Anesthesia

All experiments were conducted with approval from the Institutional Animal Care and Use
Committee at University of California, San Francisco. Dams with postnatal-day 6 (P6) male
Sprague-Dawley pups were purchased from Charles River Laboratories (Glilroy, CA). At
P7, pups were randomized into three groups — control (n = 29), anesthesia with sevoflurane
(n = 54), anesthesia with sevoflurane and nitrous oxide (n = 27). Following anesthesia,
animals were cross fostered among the dams until weaning at P21. They were then kept in
standard lab housing with 12-hour light-dark cycle and given ad libitum access to food and
water prior to cognitive testing. During testing, animals were housed individually and food
restricted as described for each experiment below.

Anesthetic delivery was performed similarly to what we have reported before & 27, Briefly,
treatment animals received either sevoflurane as a single agent or the simultaneously
combined treatment of sevoflurane with nitrous oxide for a total of four hours. Each
anesthetic regimen was adjusted to 1 Minimum Alveolar Concentration?3. Sevoflurane was
administered in air and oxygen (FiO5 25%), and MAC was determined by tail clamping
every 15 min and anesthetic concentration was adjusted so that 50% of animals would
respond to the stimulus 8 27. In the combined treatment, nitrous oxide was held constant at
70% while sevoflurane concentration was adjusted to achieve 50% movement in response to
tail clamping. Control rats were treated in an identical manner for four hours without being
exposed to anesthetic. Animals were kept on a warming blanket in the chamber and
temperatures were measured with an infrared laser thermometer and maintained with a goal
of 35°C, the average skin temperature of non-anesthetized control pups in a huddle without
the dam.

Forced Alternating T-maze

Apparatus—Testing was conducted in a T-maze apparatus made of wood with a
detachable stem (length 55 cm, width 10 cm) and crosspiece (length 91 cm, width 10cm).
Food wells (diameter 2.5 cm, depth 2 cm) at the ends of each arm were recessed into the
maze track so they were not visible from the stem. The food wells contained a full size
reward (Silly Circles, Safeway Kitchens) fixed between 2 cup-shaped filters so both baited
and unbaited arms had the same smell. Clear acrylic was used for the maze walls with
guillotine-style doors (width 10 cm, height 20 cm) at the maze arms and start area. Testing
occurred in a 3 meter square area enclosed in black felt curtain with visual reference cues on
each wall.

Habituation and Testing—Subjects from the control group (n = 29), sevoflurane group
(n=41), and sevoflurane with nitrous oxide group (n = 26) began behavioral testing on P69.
From P69-P85, subjects were food restricted and weighed daily to achieve 85%—-90%
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normal bodyweight. At P69, animals were given two 5-minute trials of free exploration in
the open T-maze with rewards placed in both food wells and along the floor throughout the
maze. Animals not moving after 5 minutes were guided down the stem and given an
additional minute for exploration. At P70-74, habituation continued without guided
exploration or rewards along the track.

Subjects began forced-alternation testing in the T-maze at P76 between 0700 and 1900 h.
Testing occurred over a period of 10 days with 6 trials per day. Each trial consisted of two
runs — an “information” run and a “choice” run. During the information run, one of the two
arms was closed so the rat would have only one option (left or right) in order to obtain the
reward. In the subsequent choice run, both arms were open, and only the opposite arm as the
previous run contained the reward. If the animal entered the same arm it had already visited,
then it was negatively reinforced by being confined for 10 seconds within the arm lacking
the reward. The direction of the choice and information runs were randomized for each trial
using a computer so that every animal was given an equal number of left and right entries
but the order was variable. Subjects were introduced into the maze facing away from the
crosspiece during each run and given 3 minutes to commit to an arm. Commitment to an arm
was established when a subject’s hind legs entered the arm. Any animal unable to commit to
an arm within 3 minutes was returned to its cage without a reward. Trials in which the rat
did not make a choice were not scored and only sessions during which an animal made a
choice in at least 4 out of six trials were used in the final results. The maze was wiped clean
between subjects using 70% ethanol and the same handlers were used throughout all
behavioral experiments.

On days 1-8, the delay between the information and choice run was 5 seconds. During days
9 and 10, animals underwent delayed forced alternation testing with a 30 second delay
between the information run and choice run (based on validation testing, animals had fewer
correct choices but still performed the task at 30 seconds). After completing the information
run, animals were placed in the closed start area and confined for 30 seconds before opening
the door to begin the choice run.

Social Interaction

Upon completion of the T-maze test, rats were given unrestricted access to food and water.
To assess social behavior, subjects were presented simultaneously with a female rat and
novel object and assessed whether they spent more time investigating the social target. Six
adult female Sprague Dawley rats were used as social targets and housed individually prior
to testing. They were introduced within cages or “holders” and placed in the arena opposite
the novel object. The male subject was given five minutes for exploration while interactions
were recorded with a video camera (SONY HDR-CX190) mounted 2 m above the box.

Investigation of the female was defined as any direct contact with the nose or paws, as well
as sniffing toward any part of the female including the tail if it extended outside of the
holder. Not included was time spent sniffing toward the empty top portion of the holder or
circling without pausing to sniff. Investigation of the object was defined as sniffing or
placing the nose within 1 cm of and oriented toward the object. This excluded merely using
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the object as a support during rearing. Observers blind to group assignment were used to
record the investigation times.

Social Recognition

Subjects were separately tested in social recognition using a two-trial discrimination model.
Exposure to a single female was followed by a second exposure to the same (familiar)
female and a novel female. Testing occurred during the light cycle, between 0900 and 1700
h, and each rat was tested in its home cage (20 cm x 23 cm x 46 cm). The same adult
females were used as social targets, although testing occurred more than one week after the
social interaction task so subjects would not recall the stimulus animals.

In the first exposure, the male subject was given five minutes to investigate a single female.
After a 60-minute delay, the first female was presented simultaneously with a novel female.
The male subject was then given three minutes to explore the two female rats. The test phase
was recorded and investigation times were later scored by an observer blind to group
assignment.

Object-Place-Context Recognition Task

Contexts—~For object recognition, two testing arenas, hereafter referred to as “contexts,”
were used that were distinct in texture and appearance. Each context had 61 cm square base
and 30 cm high walls. Context 1 had a base covered with white PEVA shower liner and
walls covered with brown cardboard. Context 2 had base and walls made of black plastic.
Each context had different visual cues on three walls. All subjects were habituated to each
context prior to testing.

Testing—Subjects were tested in context-specific object recognition, which took place
between 0700 and 1900 h using the arrangements shown in Figure 1. In the first exposure,
the rat was placed in either context 1 or 2 with two different objects and observed remotely
via video camera with a goal of 15 seconds of investigation per object. If the subject reached
the goal of 15 seconds of exploration per object, then it was removed after two minutes (a
minimum of two minutes ensured the subject was adequately exposed to the context). If the
subject did not achieve 15 seconds of investigation per object, then it remained in the
context for 5 minutes before it was removed. After a two-minute delay, the subject was
placed in the opposite context with the same two objects, and the objects’ locations were
reversed. Thus, each object was observed in both contexts and locations (left and right) after
two exposures. Again, they were allowed to explore with a goal of 15 seconds per object for
a minimum of 2 minutes and a maximum of 5 minutes.

In the test phase, subjects either remained in the same context or were placed into the
original context with two identical copies of one of the two objects. The location and
context associated with one object were familiar, while the other “displaced” object
appeared in a location and context in which it had not been observed. The paradigm assesses
the subject’s ability to successfully associate an object with its unique location and context,
relying on rodents’ propensity to explore objects that change locations and context. The
subject was introduced into the final context for three minutes. The test phase was recorded
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and scored later by an observer blinded to group assignment to allow more accuracy in
timing.

Each subject completed two trials with half the subjects in each group assigned to Setup 1
and the other half to Setup 2 (Fig. 2). The location (left versus right) of the displaced object
in the test phase was counterbalanced within each group. Times for the two trials were
combined for analysis and were included only if both objects were explored and the subject
achieved a minimum of 10 seconds of exploration in the test phase for the two trials.

Statistical Analysis

Results

Data was analyzed using Prism 6 Software for Mac OSX (GraphPad, San Diego, CA). All
comparisons were made using a two-tail P value, and a value less than 0.05 was considered
statistically significant. Data were analyzed for Gaussian distribution using the D’agostino
and Pearson test, and data following a normal distribution were analyzed using parametric
tests. Paired data, such as a subject’s investigation times in behavioral tests, were assessed
using the paired t-test and non-paired data used the unpaired t-test. One-way ANOVA was
used for three or more groups with Tukey’s post-test for multiple comparisons. Data that
were not normally distributed were analyzed using nonparametric tests. The Wilcoxon
matched-pairs rank test was used to compare paired data and the Mann-Whitney test for
non-paired data. The Kruskal-Wallis test was used for more than two groups with Dunn’s
post-test. Two-way ANOVA was used to assess performance in the T-maze test and rat
weights during food restriction in T-maze.

A “discrimination index” (DI) was calculated for recognition tasks to denote the relative
time spent investigating the novel target relative to the familiar one. For example, in the
social recognition task, the amount of time spent investigating the familiar target was
subtracted from the time spent on the novel target, and this value was divided by the total
time spent investigating the two (DI = (novel — familiar)/(total)) 28. A discrimination index
of zero reflects equal amounts of time spent investigating two targets. DI significantly
greater than zero using one sample t-test indicated that more time was spent investigating
the novel target.

Excluded data: in the T-maze, four control and one sevo+nitrous animal were excluded for
inability to complete the task. Additionally, sessions in which an animal failed to make a
choice in 3 or more of 6 trials were not scored. This resulted in 16 of 200 (8.0%) exclusions
in the control group, 13 of 328 (4.0%) in the sevoflurane group and 9 of 200 (4.5%) in the
sevoflurane + nitrous group. In the object recognition task, 4 rats were excluded from the
control group, 0 in the sevoflurane group, and 2 from the sevo-nitrous group due to
inadequate investigation times.

Anesthesia and body growth

The concentration of sevoflurane required to achieve 1 MAC in both treatment groups
decreased over time as expected®: 7- 26 (Fig. 2). Sevoflurane concentration required to
achieve 1 MAC in the presence of 70% nitrous oxide was on average 72% of the value of
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sevoflurane alone in this study and in our previous experience 8 (Fig. 2). Forty-one of fifty-
four pups anesthetized with sevoflurane survived, and twenty-six of twenty-seven animals
from the combined treatment. There was a significant effect of food restriction on body
weight (P < 0.001, two-way ANOVA, food restriction, Fig. 3) but no effects of anesthesia
on body weight (P = 0.29, two-way ANOVA, anesthesia, Fig. 3).

Treatment subjects were unaffected in the forced alternating T-maze and social
recognition tasks

We found no difference among subjects in the rate of acquisition of the forced alternating T-
maze over 8 days of testing with a 5 second delay between the information and choice runs
(P =0.12, two-way ANOVA, treatment, Fig. 4A). All groups improved over time (P <
0.0001, two-way ANOVA, session), but there was no effect of treatment (P=0.12) or
interaction (P=0.67). Further post-hoc analysis of groups at each session found no difference
between groups at any time-point (Tukey P>0.05 for all sessions). When we increased the
delay between the information and choice runs to 30 seconds all groups also performed
similarly (Fig. 4B), but the percent correct choices decreased for all groups with the longer
delay as expected?® (two-way RM ANOVA, Session P < 0.0001, Treatment P = 0.595,
matching P = 0.0025).

There was no evidence of impaired social behavior in either treatment group as evaluated by
the relative time spent investigating a social target relative to an inanimate novel object. All
subjects spent significantly more time investigating the social target (all P < 0.0001, social
target vs object compared with Wilcoxon matched-pair rank test, Fig. 5A). There was also
no effect of treatment on the ability to distinguish between familiar and novel animals. All
groups demonstrated intact social memory and spent more time with the novel female
(control P = 0.032; sevoflurane P = 0.0014; sevo-nitrous P = 0.015, ratio paired t test novel
vs familiar for each group, Fig. 5B). The discrimination indexes for all three groups were
significantly greater than zero (control P = 0.0350, sevoflurane P = 0.0012, sevo-nitrous P =
0.0155; one sample t test vs hypothetical value of 0, Fig. 5C), and there was no difference
between indexes among groups (P = 0.9493, one-way ANOVA).

Animals treated with the combined sevoflurane-nitrous oxide anesthetic were impaired in
object recognition

Control and sevoflurane treatment animals demonstrated successful object-place-context
recognition, while those treated with combined sevoflurane and nitrous oxide were impaired.
Control and sevoflurane-treated subjects successfully identified the object presented in a
familiar location and context and consequently spent more time with the “displaced” object
in the novel configuration (control P = 0.0047, sevoflurane P = 0.0058; Wilcoxon matched-
pairs rank test between familiar and displaced object, Fig. 6A). The subjects treated with
combined sevoflurane and nitrous oxide spent the same amount of time with each of the two
objects (sevo-nitrous P = 0.25, Wilcoxon matched-pairs rank test between familiar and
displaced object, Fig. 6A), demonstrating an inability to associate an object with its specific
location and context. In assessing the discrimination index (DI), only the sevo-nitrous
group’s DI was not greater than zero (P = 0.3318; one sample t test vs hypothetical value of
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0, Fig. 6B). The sevo-nitrous DI was also the lowest among the groups, although
comparison did not reach statistical significance (P = 0.11, Kruskal-Wallis test).
Discussion
Main Findings

The main finding of this study is that use of a combined anesthetic led to a distinct
behavioral outcome compared with a single anesthetic. Exposure to the combined
sevoflurane and nitrous oxide anesthetic on postnatal day 7 impaired long-term associative
learning while sevoflurane treated animals were unaffected. Spatial working memory
remained intact following early anesthetic exposure and there was no deficit in social
behavior or recognition in anesthetized animals.

Single versus combined anesthetics

Anesthesia

Distinct behavioral outcomes following anesthetic regimens of similar potency suggest that
the two treatments influence cognitive development differently. One possible explanation is
that, in the combined anesthetic, the composite action of agents functioning via different
pathways may have a greater effect on brain development. Sevoflurane is believed to act
predominantly as a GABA agonist 13- 14 and nitrous oxide as an NMDA receptor
antagonist!®17 and Frederikkson et al. demonstrated that co-administration of a GABA
agonist (thiopental or propofol) with NMDA antagonist (ketamine) caused a significant
increase in neuronal death compared with the agents delivered individually8. Their findings
suggest a synergistic effect given that the cell death was more pronounced in the ketamine
(25 mg) plus propofol (10 mg) group than in mice given a six-fold higher dose of propofol
(60 mg).

Jevtovic-Todorovic et al. found that the addition of nitrous oxide to isoflurane and
midazolam resulted in greater neurotoxicity than the double cocktail of midazolam and
isofluraned. Other studies of isoflurane neurotoxicity have shown greater cell death when
isoflurane was combined with nitrous oxidel® 20, although the anesthetics used in these
studies were not of equal potency and the depth of anesthesia likely increases with each
additional agent. Our findings suggest that the effects of a combined anesthetic are not
simply due to a greater anesthetic depth because the anesthetics were adjusted to the same
MAC equivalent.

We previously reported that MAC decreases over time in immature rodents -8, a finding
confirmed by Kodama et al 26 and repeated in our present study. Combining sevoflurane
with nitrous oxide decreased the dose of sevoflurane required to achieve one MAC as
expected and sevoflurane decreased over time in both treatments. Sevoflurane concentration
required to achieve 1 MAC in the combined sevoflurane and nitrous oxide anesthetic was on
average 72% of the concentration for sevoflurane alone in this study and in our previous
experience®. Based on these anesthetic curves, we postulate that the MAC value of 70%
nitrous oxide in these animals is around 0.3 — 0.4 MAC.
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Forced alternating T-maze & Object Recognition

The forced alternating T-maze can be solved using working memory, egocentric cues, and
body turn rather than spatial cues3?. We found no difference in performance of the T-maze
alternation task in either anesthetized group, which is consistent with previous findings that
working memory is often unaffected after neonatal anesthesiaZ®: 3132, The behavior
assessed in the object recognition task, however, is more complex and relies on different
types of learning and memory. Recognition memory, for instance, is a type of episodic
memory supported by the distinct processes of familiarity and recollection33, Familiarity is
immediate and simply leads to recognition of an episode as old, while recollection involves
recall of details associated with an event required for successful object recognition in a task
like the object-place-context task34-36. Hippocampal and anterior thalamic circuits are
important in recollection34, and cell death has consistently been documented in these
regions® 737 which could potentially cause a deficit in recognition memory38: 39,

Studies by Eacott and Langston et al. also suggest an explanation of the behavioral deficit.
Animals with hippocampal and fornix lesions were able to recognize a novel object but
unable to complete the more difficult object-place-context task?8: 40, In this task, the object,
its location, and context are all familiar, although successfully performing the task relies on
the ability to integrate these separate components. Studies have shown that novel object
recognition is intact with thalamic lesions while tasks relying on associative memory are
impaired®L. The inability of the sevo-nitrous group to recognize an object and its context and
location may be explained by problems with associative learning and recall of contextual
details.

Social behavior

Conclusion

We did not identify any difference in social interaction or recognition among the groups that
were tested, unlike Satomoto et al3” who found abnormal social behavior and recognition in
mice after anesthesia. There are a number of differences between our studies that may
account for the discrepancy in results, including subjects, treatment, and experimental
model. In spite of the different testing paradigms, however, our results suggest that
sevoflurane treated subjects are in fact able to develop social memory. Neither sevoflurane
nor combined sevoflurane-nitrous oxide treated animals showed impairment in either their
investigation of social targets or the subsequent ability to distinguish familiar and novel
animals.

As evidence regarding anesthetic neurotoxicity continues to grow, it is important for
investigations to address clinically relevant questions. For example, are certain anesthetic
agents and treatments more toxic to the developing brain? Because anesthetics are often
used in conjunction, it is meaningful to explore how unique combinations of agents
influence development. Furthermore, since our understanding of anesthetic effects in
humans is quite limited, we continue to rely on animal models to gain insight and potentially
guide future studies of anesthetic effects in children.
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Epidemiologic studies in children exploring learning and memory outcomes after anesthesia
look at factors such as sex, age at exposure, number and duration of exposures®: 42-44,
Effects of different anesthetic agents and regimens are areas requiring further study. Given a
possible difference in outcomes after combining anesthetics, a relevant study may be to
compare outcomes after use of single or combined anesthetics in humans - whether
retrospectively or prospectively.

The use of anesthetics in children may not be avoidable, but we can modify clinical practice
to administer anesthesia more safely. If certain combinations prove to be more detrimental
to neurocognitive development, then they should be avoided. Also, if particular agents
demonstrate minimal or no long-term effects, then they would be preferable for clinical use
in children. These are all important implications to consider as anesthetic neurotoxicity
research progresses.

Our findings in rodents do not necessarily translate to humans with a different
developmental time frame and longer life span. However it brings an important issue to our
attention — whether combined agents affect the developing brain and eventual cognitive
outcome differently than the use of a single agent.
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Object-Place-Context Recognition Task. Two different objects are presented in separate
contexts in the exposure phases, so that each object has been observed in each context and

location (left and right). In the test phase, two identical objects are placed in either the

original context (Trial 1) or the same context as the second exposure (Trial 2). One object
appears in a location and context that was observed in a prior exposure, while the other
“displaced” object (*) is in a location and context that has not been seen. Subjects were
tested in two trials with half experiencing Setupl and the other half Setup 2.
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Fig. 2.
Anesthesia. Each anesthetic was administered for 4 hours and adjusted to achieve 1

Minimum Alveolar Concentration, or the concentration at which 50% of subjects respond to
the same pain stimulus (tail-clamping), so the anesthetics were of comparable potency.
Sevoflurane concentration was adjusted after tail-clamping every 15 min in each group, as
shown. In the group that received sevoflurane plus nitrous oxide, nitrous oxide was held
constant at 70%. The added concentration of sevoflurane required to achieve one MAC is
shown.
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Figure 3.
Weights by age. Animals were weighed and food-restricted throughout T-maze testing.

There was a significant effect of food restriction on body weight (P < 0.001, two-way
ANOVA, food restriction) but no effects of anesthesia on body weight (P = 0.29, two-way
ANOVA, anesthesia).
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T-maze Results. Rats were placed in the maze for 6 consecutive trials daily. In each trial,
rats were given an information run followed 5 seconds later by a choice run. A) Percent
correct choices are recorded across sessions for each group. There was no difference
between groups in the learning phase. B) The last two sessions with a 5 second delay and the
subsequent two sessions with a 30 second delay are blocked together. There is no difference
between treatment groups.
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Fig. 5.
Social Interaction and Recognition. A) Subjects were simultaneously presented with an adult

female social target and novel object in an open field. All subjects spent significantly more
time investigating the social target. B) Subjects were then tested in social recognition using a
two-trial discrimination model. The first exposure with a single female was followed by a
test phase (shown here) in which the same (familiar) female and a novel female were
presented after a delay. Each group spent more time investigating the novel female. C) The
discrimination index (DI) indicates the proportion of time spent investigating the novel
animal relative to the familiar animal. The three groups’ DIs were similar and all were
significantly greater than zero. * P < 0.05, ** P < 0.01, *** P < 0.001, CON = control,
SEVO = sevoflurane, SN = sevoflurane-nitrous oxide
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Object-Place-Context Task Results. In the task, subjects must be able to recognize an object,
its location, and the context in which it appeared. The task relies on rodents’ propensity to
explore objects that appear in new locations and contexts. Because the “displaced” object” is
presented in an unfamiliar setup, the subject demonstrates a preference for that particular
object. A) Both control and sevoflurane groups demonstrated successful object recognition
and spent more time with the displaced object, while the sevo-nitrous group spent similar
amounts of time with each object. B) In assessing discrimination index (DlI), only the sevo-
nitrous DI was not greater than zero and was also the lowest among the groups, although
comparison did not reach statistical significance.
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** P < 0.01, n.s. = not significant, CON = control, SEVO = sevoflurane, SN = sevoflurane-
nitrous oxide
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