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Abstract

Purpose Measuring the neurotoxic effects of multiple anesthetic exposures during neurodevelopment is complex due to the
numerous factors that can affect the outcome. While we recently discovered that the interval between multiple sevoflurane
exposures can affect the level of neurotoxicity, the significance of interval for other anesthetic agents is unknown. Thus,
we evaluated the significance of dosing interval in the neurotoxic effects of multiple ketamine injections in postnatal day
(PND) 17 mice.

Methods PND17 mice of both sexes were intraperitoneally injected with ketamine (35 mg/kg) three times at short (2 h) or
long (24 h) intervals. Changes in synaptic transmission were measured in hippocampal pyramidal neurons 5 days after the
last injection, and behavioral changes were assessed at the age of 8 weeks. Values are presented as mean + SD.

Results Whereas short-interval ketamine injections enhanced excitatory synaptic transmission, as evidenced by an increased
frequency of miniature excitatory postsynaptic currents (mEPSCs; ketamine, 0.09 +0.07 Hz; control, 0.06 +0.03 Hz), long-
interval ketamine injections did not; instead, they decreased the amplitude of miniature inhibitory postsynaptic currents
(mIPSCs; ketamine, 47.72 +6.90 pA; control, 51.21 +7.65 pA,). However, only long-interval ketamine injections induced
long-term changes in anxiety behavioral in the open-field test (decrease in center duration; ketamine, 400.1 +162.8 s; con-
trol, 613.3+312.7 s).

Conclusions Multiple ketamine injections induce interval-dependent, long-lasting synaptic changes and behavioral impair-
ments. Future studies should carefully consider the dosing interval as a significant factor when studying the neurotoxic
effects of multiple anesthetic exposures.
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Introduction

The possibility of neurotoxicity from early general anesthe-
sia exposure has attracted considerable attention owing to
Yulim Lee and Ann Misun Youn equally contributed to this work. multiple reports of unanticipated neurological consequences
in young animals [1]. While the issue is still a matter of
debate, current evidence strongly suggests that a single, brief
anesthetic exposure does not affect neurodevelopment [2].
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in well-controlled preclinical animal studies, owing to the
intrinsic heterogeneity of multiple anesthetic exposures,
reflecting differences in the type, dose and duration of drug
used, and the sex and age. Another unrecognized, but impor-
tant factor is the interval between multiple exposures. While
previous studies have reported that anesthetic exposure in
late postnatal mice can increase dendritic spinogenesis and
affect excitatory/inhibitory synaptic transmission [8§—10], we
have recently shown that the level of neurotoxicity from mul-
tiple sevoflurane exposures differs depending on the interval
between exposures [11]. However, while a shorter interval
may be more neurotoxic for sevoflurane, the significance of
interval has not been evaluated with other anesthetic agents.
Although it seems reasonable to assume a priori that multi-
ple anesthetic exposures in a shorter interval would be more
neurotoxic for most anesthetic agents, the significance of
dosing interval may differ between anesthetics with distinct
action targets.

To further determine the significance of dosing interval in
multiple-exposure anesthesia protocols, we injected postna-
tal day 17 (PND17) mice with multiple ketamine injections
at short [2 h] or long (24 h) intervals. Unlike sevoflurane,
which targets GABA , receptors, ketamine is an intravenous
agent that acts mainly by inhibiting NMDA receptors [12,
13]. Thus, in the present study, we further evaluated interval-
dependent changes in synaptic transmission and long-term
behavior after multiple ketamine injections. Both male and
female mice were included because of possible sex-specific
effects [9—11, 14]. Unexpectedly, multiple ketamine injec-
tions induced different long-lasting changes in synaptic
transmission that depended on the dosing interval, with
short-interval injections affecting excitatory synaptic trans-
mission and long-interval injections affecting inhibitory
synaptic transmission 5 days after the last injection. How-
ever, behavioral consequences were only observed in mice
that received long-interval ketamine injections. While our
results suggest that the interval between anesthetic exposures
is indeed a significant factor, it also implies that a shorter
interval does not necessarily lead to increased neurotoxicity
depending on the anesthetic agent.

Methods
Animals

This study was conducted with the approval of the Com-
mittees on Animal Research at Chungnam National Univer-
sity Hospital (Daejeon, South Korea, CNUH-018-P0006).
C57BL/6 mice were purchased from Damul Science (Dae-
jeon, South Korea) and housed in normal cages at 22—4 °C
(< 6 mice/cage) under a 12-h light/dark cycle.
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Ketamine injections

Ketamine hydrochloride (Huons, South Korea) was diluted
to 2.5 mg/ml with normal saline. In preliminary experi-
ments designed to determine the appropriate dose of keta-
mine for use in late postnatal mice, which has not been
well studied, we found that 35 mg/kg intraperitoneal injec-
tions induced a short immobilization period (5-10 min)
without causing any mortality, while higher doses
(> 40 mg/kg) caused occasional death (data not shown).
At PND17, male and female mice were randomly divided
into two groups: a short-interval group and a long-interval
group. Mice in the short-interval group were intraperito-
neally injected three times with either saline or ketamine
(35 mg/kg, 14 ml/kg) at 2-h intervals. Mice in the long-
interval group received the identical treatments, only at
24-h intervals. Mice were returned to their cages 30 min
after each injection, and their full recovery was confirmed.

Electrophysiology

Whole-cell patch-clamp recordings were obtained from
sagittal hippocampal slices as previously described [9,
10]. CA1 pyramidal neurons were examined 5 days after
the last ketamine injection. In brief, sagittal hippocampal
slices (300 um) were prepared in ice-cold dissection buffer
(212 mM sucrose, 25 mM NaHCO;, 5 mM KCl, 1.25 mM
NaH,PO,, 10 mM D-glucose, 2 mM Na-pyruvate, 1.2 mM
Na-ascorbate, 3.5 mM MgCl,, 0.5 mM CacCl,) using a
VT1200S vibratome (Leica, Wetzlar, Germany). Brain slices
were allowed to equilibrate for at least 30 min in a 32 °C
chamber filled with artificial cerebrospinal fluid (aCSF;
125 mM NaCl, 25 mM NaHCO;, 2.5 mM KCl, 1.25 mM
NaH,PO,, 10 mM p-glucose, 1.3 mM MgCl,, 2.5 mM
CaCl,). All solutions were aerated with 5% CO,/95% O,.
Internal solutions depended on the individual experiment.
For miniature excitatory postsynaptic current recordings
(mEPSCs), glass capillaries were filled with 117 mM
CsMeSO,, 10 mM TEA-CI, 8 mM NaCl, 10 mM HEPES,
5 mM QX-314-Cl, 4 mM Mg-ATP, 0.3 mM Na-GTP, and
10 mM EGTA. For inhibitory postsynaptic current record-
ings (mIPSCs), glass capillaries were filled with 115 mM
CsCl, 10 mM TEA-Cl, 8 mM NaCl, 10 mM HEPES, 5 mM
QX-314-Cl, 4 mM Mg-ATP, 0.3 mM Na-GTP, and 10 mM
EGTA. Tetrodotoxin (0.5 pM) and picrotoxin (50 uM) were
added during mEPSC recordings, and tetrodotoxin (0.5 uM),
NBQX (10 uM) and D-AP5 (50 uM) were added during
mIPSC recordings. All experiments were conducted under
visual control (BX50WI; Olympus, Japan) using a Multi-
Clamp 700A amplifier (Molecular Devices, CA, USA) and
Clampex 9.2 software (Molecular Devices).
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Behavioral tests

Behavioral tests (open-field, 3 chamber, and fear cham-
ber tests) were performed on adult mice (8 weeks old) as
previously described [9, 15]. All experiments were video
recorded and subsequently analyzed using automated soft-
ware (EthoVision XT; Noldus Information Technology, The
Netherlands).

Open-field test

General activity was analyzed for 1 h after placing a mouse
in the center of an open-field box (40x40x40 cm). Anxi-
ety-like behavior was also evaluated by measuring the total
time spent in the center region (20 X 20 cm).

Three-chamber test

Sociability was measured using the three-chamber appara-
tus as previously described [9]. The experiment consisted
of three sessions: 2 habituation sessions (5 min each) and
1 interaction session (10 min). During the first habituation
session, the mice were confined to the center chamber. In
the second habituation session, the mice were allowed to
explore all three chambers. After habituation, a novel object
(blue cube, 3.0x3.0%x4.0 cm) and a stranger mouse (same
age, sex) were placed inside a small plastic cage in each
side chamber. Subject mice were allowed to freely explore
all 3 chambers for 10 min (interaction session). Sociability
was measured using the preference index (PI). PI was cal-
culated after measuring the time spent in each side chamber
(Mo, time spent in the stranger mouse chamber; Ob, time
spent in the novel object chamber). PI (%)= (Mo — Ob)/
(Mo +Ob) x 100.

Fear chamber test

Fear chamber tests were performed for three consecutive
days as previously described [9, 15, 16]. On day 1, fear con-
ditioning took place in a fear chamber (Coulbourn Instru-
ments, Allentown, PA, USA) enclosed in a sound-attenuat-
ing room. After a 5-min habituation period in the chamber,
mice were exposed to a 20-s tone (3 kHz, 80 dB, conditioned
stimulus) paired with a 1 mA, 1-s electrical shock (uncon-
ditioned stimulus) three times at 60-s intervals. On day 2
(context fear memory), mice were placed in the same cham-
ber for 5 min and analyzed for freezing behavior. On day 3
(cue fear memory), mice were placed in a different context
(white circular plastic chamber), and after a 5-min habitua-
tion period, were exposed to the same tone for 3 min while
freezing behavior was measured using FreezeFrame software
(Coulbourn Instruments).

Statistical analysis

Data were analyzed using the R statistical software package
(3.1.2; R Core Team, Austria). Two-way analysis of variance
(ANOVA) was used to evaluate interactions between the
effects of anesthesia and sex. A nested model was performed
to separately compare male and female results. The results of
our statistical analyses are included as supplementary data.

Results

Short-interval (2 h) ketamine injections induce
long-lasting changes in excitatory synaptic
transmission

We first evaluated whether short-interval (2 h) ketamine
injections caused long-lasting changes in excitatory/inhibi-
tory synaptic transmission. mEPSCs and mIPSCs were
measured in CA1 hippocampal pyramidal neurons 5 days
after the last injection. Whereas ketamine-treated mice
showed no change in mEPSC amplitude (two-way ANOVA
with nested model), they exhibited a significant increase in
mEPSC frequency (p=0.015, two-way ANOVA) (Fig. la,
b). These changes were not sex dependent and there was no
significant difference according to sex when evaluated sepa-
rately (two-way ANOVA with nested model) (Fig. 1a, b). In
contrast to the long-lasting changes in excitatory synaptic
transmission, there were no significant changes in the ampli-
tude or frequency of mIPSCs (Fig. 1c, d; two-way ANOVA
with nested model).

Long-interval (24 h) ketamine injections induce
long-lasting changes in inhibitory synaptic
transmission

To determine the significance of interval duration between
multiple ketamine injections, we next evaluated changes in
synaptic transmission after injections performed at a longer
interval (24 h). Interestingly, unlike mice that received short-
interval (2 h) ketamine injections, there was no change in
mEPSC amplitude or frequency in mice that received long-
interval (24 h) injections (Fig. 2a, b; two-way ANOVA with
nested model). However, we did find that mIPSC amplitude
was significantly decreased without a change in frequency
(Fig. 2c, d; p=0.038, two-way ANOVA). Although this
decrease was not sex dependent (two-way ANOVA, p=0.2),
only female mice displayed a significant change when sep-
arately analyzed (nested model; male p =0.605, female
p=0.018). These results suggest that multiple ketamine
injections can lead to distinct changes in synaptic transmis-
sion that depend on the interval between injections.
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Fig.1 Multiple ketamine injections at a short (2 h) interval induce
change in excitatory synaptic transmission in CAl hippocampal
pyramidal neurons 5 days after the last injection. a Representative
image of mEPSCs (n=18 cells from 5 control male mice; n=18
cells from 5 ketamine-injected male mice; n=17 cells from 5 con-
trol female mice; n=20 cells from 5 ketamine-injected female mice).
b Short-interval ketamine injections increased the frequency of
mEPSCs, but did not affect their amplitude (*P <0.05, n.s. not signif-

Long-interval (24 h) ketamine injections at PND17
increase anxiety-like behavior in adulthood

Excitatory/inhibitory imbalance during neurodevelopment
has been shown to have long-term consequences [17, 18].
Thus, to measure the significance of changes in synaptic
transmission in terms of long-lasting effects of ketamine
injections, we performed behavioral studies at the age of
8 weeks. The long-lasting changes in excitatory synaptic
transmission after short-interval ketamine injections did not
lead to subsequent changes in activity or the duration of
time spent in the open-field test (Fig. 3a—c). However, mice
that received long-interval ketamine injections spent signifi-
cantly less time in the center region of the open-field box
without displaying a change in overall activity (Fig. 3d—f;
p=0.006, two-way ANOVA). These changes in anxiety-like
behavior (center duration) were not sex dependent (two-way
ANOVA, p=0.868), but only male mice showed significant
differences when separately evaluated (nested model; male
p=0.035, female p=0.059).
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icant; two-way ANOVA with nested model). ¢ Representative image
of mIPSCs (n=17 cells from 5 control male mice; n=18 cells from 5
ketamine-injected male mice; n =20 cells from 5 control female mice;
n=20 cells from 5 ketamine-injected female mice). d Short-interval
ketamine injections did not affect mIPSCs 5 days after the last injec-
tion (n.s. not significant; two-way ANOVA with nested model). Val-
ues are presented as means +SD

We next evaluated whether early ketamine injections
could affect sociability by performing the three-chamber
test (Fig. 4), since previous studies have shown that early
anesthesia can also affect sociability [19]. Ketamine expo-
sures did not affect sociability regardless of interval, as mice
that had received ketamine injections preferred the chamber
containing the stranger mice similar to control mice (two-
way ANOVA) (Fig. 4b, c¢). Unexpectedly, when male and
female mice were separately evaluated, female mice that
had received short-interval ketamine exposures showed
increased sociability (Fig. 4b) (two-way ANOVA with
nested model, p =0.046).

Multiple ketamine injections at PND17 do not affect
learning and memory in adult mice

Finally, we assessed changes in learning and memory
after multiple ketamine injections using the fear chamber
test (Fig. 5a). First, mice were placed in the fear chamber
and conditioned to a foot shock at the end of a tone. The
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Fig.2 Multiple ketamine injections at a long (24 h) interval induce
changes in inhibitory synaptic transmission in CAl hippocampal
pyramidal neurons 5 days after the last injection. a Representative
image of mEPSCs (n=18 cells from 5 control male mice; n=18
cells from 5 ketamine-injected male mice; n=17 cells from 5 con-
trol female mice; n=15 cells from 5 ketamine-injected female
mice). b Long-interval ketamine injection did not affect mEPSCs
24 h after the last injection (n.s. not significant; two-way ANOVA
with nested model). ¢ Representative image of mIPSCs (n=17 cells

following day (day 2), mice were again placed in the same
chamber for 5 min. Mice that received short- or long-interval
ketamine injections displayed freezing behavior similar to
that of control mice (context fear memory) (Fig. 5b; two-way
ANOVA with nested modeling). The next day (day 3), mice
were placed in a different context and exposed to the same
tone they received on day 1. Again, ketamine-injected mice
showed no difference compared with control mice regard-
less of dosing interval (cue fear memory) (Fig. 5c; two-way
ANOVA with nested modeling). These results suggest that
early ketamine injections do not induce long-lasting changes
in learning and memory.

Discussion

Our group has previously shown that neurotoxicity from
multiple sevoflurane exposures is significantly affected by
the interval between exposures, and that neurotoxicity can be
reduced by simply increasing the interval [11]. To confirm

from 5 control male mice; n=20 cells from 5 ketamine-injected male
mice; n=19 cells from 5 control female mice; n=22 cells from 5
ketamine-injected female mice). d Long-interval ketamine injection
decreased the amplitude, but not the frequency, of mIPSCs 5 days
after the last injection. When separately evaluated, mIPSC ampli-
tude was decreased only in female mice (*P <0.05, n.s. not signifi-
cant; two-way ANOVA with nested model). Values are presented as
means + SD

whether interval also has a similar affect with different
anesthetic agents, we evaluated the changes after multiple
ketamine injections. Ketamine is still widely used in pedi-
atric patients owing to its analgesic properties and minimal
effects on cardiovascular and pulmonary functions. While
our ketamine results are in line with our recent sevoflurane
study, as they both indicate the interval between exposures
as significant factor, there are several important differences.
While long-lasting changes in synaptic transmission and
behavioral deficits were induced only after short-interval
sevoflurane exposures, multiple ketamine injections led to
distinct changes in synaptic transmission depending on the
interval. Whereas ketamine delivered at a short, 2-h inter-
val increased excitatory synaptic transmission (mEPSC fre-
quency), when delivered at a relatively longer 24-h interval
it decreased inhibitory synaptic transmission (mIPSC ampli-
tude). Importantly, only long-interval ketamine-injected
mice displayed behavioral deficits in adulthood.

Altered excitatory/inhibitory synaptic balance dur-
ing the critical period has been suggested as an important

@ Springer
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Fig. 3 Multiple ketamine injections induce interval-dependent, anxi-
ety-like behavior in the open-field test. a Representative image of the
open-field test. Red lines indicate mice movement routes for 1 h. b, ¢
Short-interval ketamine-injected mice exhibited normal activity and
spent a similar amount of time in the center region of the open field
as control mice (n=12 control male mice; n=12 ketamine-injected
male mice; n=11 control female mice; n=12 ketamine-injected
female mice). *P <0.05, n.s. not significant (two-way ANOVA with
nested model). d Representative image of the open-field test. Red

mechanism of neurodevelopmental disorders in mice [17,
18]. Previous studies also show that anesthetic exposure in
young animals can also induce similar synaptic changes [9,
10, 20], which may manifest as anesthetic neurotoxicity and
long-term behavioral impairments. We recently reported
that short-interval sevoflurane exposures induce long-lasting
decrease in mIPSC frequency, which leads to hypoactivity
and anxiety-related behavior [11]. Our present results also
suggest that reduction in inhibitory synaptic transmission
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lines indicate mice movement routes for 1 h. e, f Long-interval ket-
amine-injected mice exhibited normal activity, but spent significantly
less time in the center region of the open field. When separately eval-
uated, anxiety level was increased only in male mice (n=12 control
male mice, n=12 ketamine-injected male mice; n= 12 control female
mice, n=12 ketamine-injected female mice.) **P <0.005, *P <0.05,
n.s. not significant (two-way ANOVA with nested model). Values are
presented as means + SD

(decrease in mIPSC amplitude) after long-interval ketamine
injections can induce anxiety-like behavior without affect-
ing learning and memory. However, it should be noted that
the long-lasting increase in excitatory synaptic transmission
(increase in mEPSC frequency) following short-interval
ketamine injections did not induce long-term behavioral
impairments. Thus, although both short- and long-interval
exposures lead to synaptic changes that can increase neu-
ronal excitability, only direct changes in inhibitory synaptic
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Fig.4 Multiple ketamine injections do not induce social impairment
regardless of dosing interval. a Representative heat map images of
the three-chamber test. Sociability was measured by calculating the
preference index (PI). b Mice that received short-interval ketamine
injections showed comparable sociability to control mice. However,
when separately evaluated, ketamine injections increased sociabil-
ity only in female mice (n=12 control male mice, n=12 ketamine-
injected male mice; n=12 control female mice, n=12 ketamine-

injected female mice). *P <0.05 and n.s. =not significant. (two-way
ANOVA and nested model). ¢ Mice that received long-interval keta-
mine injections also displayed normal sociability, as there was no
significant difference in PI compared to control mice (n=12 control
male mice, n=12 ketamine-injected male mice; n= 12 control female
mice, n=12 ketamine-injected female mice. two-way ANOVA and
nested model, n.s. not significant). Values are presented as mean +SD
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Fig.5 Multiple ketamine injections do not affect fear memory regard-
less of dosing interval. a Schematic images of the fear chamber test
procedure. b Both short- and long-interval ketamine-injected mice
displayed similar context memory (freezing behavior) compared with
control mice. ¢ Cued memory was also unaffected by ketamine injec-

transmission induced behavior impairment. This may be
related with the location of inhibitory synapses, which are
located not only on dendrites but also on the cell soma and
axon [21]. Due to the proximity of inhibitory synapses to
the axon initial segment (AIS), where action potential is
generated, it is possible that changes in GABAergic syn-
aptic transmission have a greater affect [21]. Previous stud-
ies have also shown that altered GABAergic transmission

tions regardless of dosing interval (n=12 control male mice; n=12
ketamine-injected male mice; n=12 control female mice, n=12 ket-
amine-injected female mice). n.s. not significant (two-way ANOVA
with nested model). Values are presented as means + SD

during neurodevelopment can significantly affect synaptic
circuits [22, 23]. Another interesting difference between
short- and long-interval ketamine exposures regarding syn-
aptic transmission is that short-interval injections induced
changes in frequency (mEPSC), while long-interval injec-
tions induced change in amplitude (mIPSC) of miniature
postsynaptic currents. Change in frequency usually suggests
a change in the number of synapses or presynaptic vesicle

@ Springer



100

Journal of Anesthesia (2021) 35:93-101

release probability, while change in amplitude usually sug-
gests a change in the function or number of postsynaptic
receptors [24]. Thus, it is possible that ketamine injections
may cause different pre- and post-synaptic changes depend-
ing on the interval between injections. However, additional
studies measuring the actual changes in neuronal excitabil-
ity and separately evaluating pre- and post-synaptic changes
are necessary to further understand the interval-dependent
effects ketamine injections.

Previous studies have also shown that multiple ketamine
injections during neurodevelopment (neonatal and late post-
natal mice) can induce long-term behavior consequences [3,
4]. In one study that examined the effects of multiple anes-
thetic exposures (ketamine at 2-day intervals) in mice of a
similar age (PND14) [4], it was reported that early, multiple
anesthetic exposures impaired motor learning and learning-
dependent dendritic spine plasticity. Although experimental
details of this study (e.g., combined use of xylazine, behav-
ioral studies performed at a younger age, different behavio-
ral assays) differ from ours in many ways, the study itself
supports the conclusion that multiple ketamine injections
delivered at relatively long intervals may significantly affect
neurodevelopment in late postnatal mice.

Sex-dependent differences are known to contribute to
neurodevelopmental disorders and neurotoxicity [25].
Although often neglected, sex has been repeatedly shown
to contribute to anesthesia-induced neurotoxicity [14].
Although we previously reported sex-dependent changes in
synaptic transmission after sevoflurane exposure [9, 10], we
did not detect sex-dependent changes after ketamine injec-
tions in the present study. One possible reason for this lack
of difference is that sex differences with respect to anesthe-
sia-induced neurotoxicity are agent dependent. The majority
of studies reporting sex differences have employed inhala-
tion agents [14]. However, ketamine exposure during the
fetal period has also been shown to induce sex-dependent
changes [26]. Thus, it is possible that not only the agent but
also the neurodevelopmental stage may be important for the
manifestation of sex differences.

While our study provides novel insights regarding the
significance of interval regarding the long-lasting effects of
multiple ketamine injections, it is not without limitations.
First, we are unable to translate 2-h and 24-h intervals in
mice to humans. It is unlikely that a child would receive
multiple anesthetic exposures in a 2- or 24-h interval. How-
ever, since neurodevelopment is much faster in mice, it is
possible that this duration may represent a longer period
in humans. Second, synaptic transmission was measured at
different ages due to difference in interval between injec-
tions (PND22 in short-interval ketamine-injected mice and
PND24 in long-interval ketamine-injected mice). Although
we compared the effects of ketamine using control mice of
the same age to overcome such differences, it is possible that
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the 2-day difference may have affected the results due to the
rapid neurodevelopment in mice. Third, although we did
not discover any long-term behavioral changes accompanied
with the changes in excitatory synaptic transmission after
short-interval ketamine exposures, this may be due to the
limited number of behavioral assays. Another limitation is
the short anesthetic duration after intraperitoneal ketamine
injection. Before conducting our study, we performed pre-
liminary experiments to establish an ideal ketamine dose
for intraperitoneal injection in PND17 mice. The dose used
(35 mg/kg) was chosen because it caused no deaths and
effectively induced immobilization. However, the immobi-
lization period was only 5-10 min, which is significantly
shorter than that observed in most studies that have evalu-
ated the neurotoxic effects of anesthesia.

In conclusion, the interval between multiple ketamine
exposures is a significant factor that can affect the level of
neurotoxicity. Importantly, unlike sevoflurane, increasing
the interval between ketamine injections lead to a reduction
in inhibitory synaptic transmission and long-term behav-
ioral deficits. Our results agree that the neurotoxic effects
from multiple anesthetic exposures can be affected by the
dosing interval, but the effects may differ between distinct
anesthetic agents. Future studies should acknowledge these
factors when considering to measure the neurotoxic effects
of multiple anesthetic exposures.
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