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Isoflurane anesthesia decreases excitability of
inhibitory neurons in the basolateral amygdala
leading to anxiety-like behavior in aged mice
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Abstract. Anxiety after surgery can be a major factor leading
to postoperative cognitive dysfunction, particularly in elderly
patients. The role of inhibitory neurons in the basolateral
amygdala (BLA) in anxiety-like behaviors in aged mice
following isoflurane anesthesia remains unclear. Therefore,
the present study aimed to investigate the role of inhibitory
neurons in isoflurane-treated mice. A total of 30 C57BL/6 mice
(age, 13 months) were allocated into the control and isoflurane
anesthesia groups (15 mice/group) and were then subjected to
several neurological assessments. Behavioral testing using an
elevated plus maze test showed that aged mice in the isoflurane
anesthesia group displayed significant anxiety-like behavior,
since they spent more time in the closed arm, exhibited more
wall climbing behavior and covered more distance. In addition,
whole-cell patch-clamp recording revealed that the excit-
ability of the BLA excitatory neurons was notably increased
following mice anesthesia with isoflurane, while that of inhibi-
tory neurons was markedly reduced. Following mice treatment
with diazepam, the excitability of the BLA inhibitory neurons
was notably increased compared with that of the excitatory
neurons, which was significantly attenuated. Overall, the results
of the current study indicated that anxiety-like behavior could
occur in aged mice after isoflurane anesthesia, which could be
caused by a reduced excitability of the inhibitory neurons in
the BLA area. This process could enhance excitatory neuronal
activity in aged mice, thus ultimately promoting the onset of
anxiety-like behaviors.
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Introduction

Elderly patients commonly experience postoperative cognitive
dysfunction (POCD) following anesthesia and surgery. POCD
is commonly characterized by anxiety, confusion, personality
changes and impaired memory (1-3). Anxiety is a relatively
common manifestation in patients postoperatively, even in the
absence of other complications (4). Therefore, reducing post-
operative anxiety has become a primary goal for preventing
POCD.

Isoflurane is widely used as a maintenance drug for general
anesthesia, due to its good anesthetic effect, easy adjustment
of anesthesia depth, mild circulatory effects, low toxicity
and rapid induction and recovery (5). However, inhalation
anesthesia can exhibit toxic effects on several types of cells,
including nerve cells. It has been reported that isoflurane has
significant toxicity (6-8). Currently, the research on the effect
of isoflurane on anxiety-like behavior in elderly patients under-
going anesthesia and its underlying mechanism is limited.

The amygdala is a key structure that processes
anxiety-related information (9). It is composed of multiple
parts, among which the basolateral amygdala (BLA) and
central amygdala are particularly significant for the treatment
of anxiety disorders (10). A previous study demonstrated that
BLA is associated with pathological anxiety, while the excit-
ability of a subpopulation of excitatory neurons in the BLA
continue to increase during anxiety (11). Another study also
showed that inhibitory neurons in the BLA are involved in
the synaptic plasticity, which can regulate fear learning in the
amygdala (12).

Therefore, in the current study an isoflurane anesthesia
model was established in elderly mice to evaluate the neuronal
status of the BLA and analyze its role in this process, thus
uncovering the possible mechanism underlying the effect of
isoflurane on inducing postoperative anxiety in the elderly.

Materials and methods
Ethics. All experiments were approved by the Laboratory

Animal Committee of The First Affiliated Hospital of Nanchang
University (approval no. CDYFY-IACUC-202205QR015) and
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conformed to the National Research Council's Guide for the
Care and Use of Laboratory Animals (13). This study complied
with the Animal Research: Reporting of In Vivo Experiments
guidelines (14). The number of, as well as the procedures
introducing pain to the animals, were minimized according to
the aforementioned regulations.

Experimental grouping and treatment. A total of 30
13-month-old C57BL/6 male mice (weight, 30-38 g) were
included in the present study. Mice were given free access to
food and water and were randomly allocated into the control and
experimental group (n=15 mice/group).The mice were housed
in groups of six animals per cage under a constant light-dark
cycle (lights on from 08:00-20:00) and fed standard laboratory
food and tap water in an air-conditioned room (23+£1°C with
~60% humidity). An anxiety model was established after 1.5%
isoflurane anesthesia, as previously described, mice in the
experimental group received 1.5% isoflurane in pure oxygen
for 2 h and then breathed fresh air for 4 h (15,16). Mice in the
control group only received fresh air for 6 h. After recovering,
mice were allowed to eat and drink freely. Behavioral tests
were performed on the following day. After the end of the
behavioral study, mice were injected with 100 mg/kg sodium
pentobarbital into the abdomen, mice were euthanized under
deep anesthesia to remove the brain tissue for slicing, and then
brain slices were isolated for electrophysiological recordings.

Behavioral tests. The elevated plus maze test is used to evaluate
anxiety-like behavior in rodents (17,18). It consists of four arms,
two open and two closed, arranged in a cross shape with a
central area elevated off the ground. In the present study, the
anxiety-like behavior of mice was assessed by comparing the
time spent and distance traveled by the mice in the open and
closed arms. Briefly, each mouse was placed in the central area
of the maze, facing the open arm. The position of each mouse
was consistent throughout the experiment. Subsequently, the
number of entries of each mouse into the open and closed arms
and the time spent in each arm were recorded by a camera for
5 min. The experiment was conducted in a quiet environment,
while the researcher remained 1 m away from the maze. After
recording was complete, the mouse was returned to its cage. The
maze was cleaned with 5% acetic acid solution or 75% alcohol
to eliminate any residual animal odor. Furthermore, mice
were also subjected to open field test. This test is commonly
used to investigate anxiety or depression in animals (18,19) by
evaluating several behaviors of experimental animals in an open
environment, such as the fear of the animals in a new environ-
ment. Therefore, animals mainly move in the peripheral area
and less in the central one. However, due to their exploratory
nature, animals are motivated to move in the central area, thus
resulting in the development of anxiety symptoms. In the present
study, the open field was set to 50x50 cm with a brightness of
700 lux. The mouse was placed in the experimental area to
adapt for 10 min and then its behavior was recorded for 20 min.
Periphery was defined as the area within 5 cm of the edge of
the field, while the total distance traveled and the time spent in
the center or periphery, measured in sec, were recorded. The
distance traveled by the mouse to the central area was divided
by the total distance covered to obtain the center distance/total
distance ratio, which could be used as an anxiety index.

Preparation of mice brain slices. After the end of the behav-
ioral study, mice were injected with 100 mg/kg sodium
pentobarbital into the abdomen for deep anesthesia. Following
anesthesia, the brain was quickly removed and placed in
ice-cold sucrose-containing artificial cerebrospinal fluid
[ACSF,; containing 100 mM choline-Cl, 13 mM NaCl, 3 mM
KCl, 1 mM NaH,PO,, 25 mM NaHCO;, 11 mM D-glucose,
1 mM CacCl, and 5 mM MgCl, (pH 7.4 after bubbling with
95% O, and 5% CO,]. Subsequently, 300 gm-thick horizontal
slices were prepared using a vibratome. The aforementioned
slices were then incubated in standard ACSF at 32°C for
30 min, followed by resting at room temperature for 30 min.

In vitro whole-cell patch-clamp recording. The patch-clamp
set-up was performed using the Olympus BX50WI micro-
scope (Olympus Corporation) equipped with x60 water
immersion lens (LUMPlanFL, NA 1.0). Brain slices were
transferred into a recording chamber maintained at 32°C
and were continuously perfused with standard ACSF at
a rate of 2-4 ml/min. Whole-cell patch-clamp recordings
were obtained from the visually identified neurons in the
lateral/basolateral amygdala complex. The internal solu-
tion composed of 130 mM K-gluconate, 5 mM KCI, 10 mM
phosphocreatine, 10 mM HEPES, 0.5 mM EGTA, 2 mM
Na2-ATP, 0.3 mM Na-GTP and 2 mM MgSO4 (pH 7.20-7.30,
290 mosmol/l). Membrane potential at resting state was
recorded within the first 20 sec after membrane rupture,
while input resistance was measured at resting membrane
potential with current pulses (+10 pA; 500 ms). Additionally,
the action potentials were recorded with a series of 1-sec
depolarizing current pulses at the resting membrane poten-
tial. There are two main types of neurons in the BLA, namely
the excitatory principal neurons and the local circuit inhibi-
tory interneurons. Based on the action potential waveform
(short depolarizing process, high membrane potential peak,
fast membrane potential decay and hyperpolarizing afterpo-
tential), the cells were classified as excitatory neurons. The
most common features of inhibitory neuron action potentials
are low peak amplitude, prolonged depolarization, absence
of repolarization process and absence of after-hyperpolar-
ization. All recordings were obtained using the Multiclamp
700B amplifier (Molecular Devices, LLC) and the PowerLab
system (ADInstruments Ltd.) with a low-pass filter frequency
of 4 kHz. The signals were digitized at 40 kHz for computer
analysis using WinWCP software (V5.2.6; gift by Dr. John
Dempster, University of Strathclyde). All experiments were
carried out at 32°C.

Statistical analysis. The results are expressed as the mean + SD.
The tests for mice were repeated 15 times for each group. All
data were tested for normality by the Kolmogorov-Smirnov
test. The animal behavior, resting membrane potential, input
resistance, AP threshold, AP amplitude and AP half amplitude
results between the two groups were compared by unpaired
Student's t-test. One- and two-way ANOVA followed by
Bonferroni's multiple comparison post hoc test were performed
to compare the number of action potentials evoked by different
current steps. All statistical analyses were carried out with
Prism 7 (GraphPad Software, Inc.). P<0.05 was considered to
indicate a statistically significant difference.
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Figure 1. In the elevated plus maze test, aged mice spend more time in the closed arms following isoflurane anesthesia. (A) The movement trajectories of the
two groups of mice in the elevated plus maze test are shown. The time spend in the (B) closed and (C) open arms by the two groups of mice was recorded

(0=15).

Results

Elevated plus maze test. The movement trajectory results showed
that mice in the control group had a particular movement trajec-
tory in both the open and closed arms, while those in the isoflurane
anesthesia group mainly moved in the closed arms (Fig. 1A). In
addition, compared with the control group, mice in the isoflurane
anesthesia group stayed a significantly longer and shorter time
in the closed (P<0.05; Control vs. Isoflurane, 123.8+15.4 vs.
156.6+25.8 sec; Fig. 1B) and open (P<0.05; Control vs Isoflurane,
164.3+£26.3 vs. 132.5+37.5 sec; Fig. 1C) arms, respectively.

Open field test. The results of movement trajectory revealed
that mice in the control group displayed a certain movement
trajectory in both the central and peripheral areas, while
mice in the isoflurane anesthesia group mainly moved in the
peripheral area (Fig. 2A). Furthermore, mice in the isoflu-
rane anesthesia group traveled a significantly longer total
distance (P<0.05; Control vs. Isoflurane, 3040.3+338.2 vs.

4069.6+419.3 cm; Fig. 2B), spent a significantly shorter time
in the central area (P<0.05; Control vs. Isoflurane, 507.3+48.2
vs. 318.5+£59.3 sec; Fig. 2C) and markedly longer time in the
peripheral area (P<0.05; Control vs. Isoflurane, 687.2+59.3 vs.
871.6+89.3 sec; Fig. 2D), compared with the control group.

Electrophysiological changes of the BLA excitatory neurons
in aged mice after isoflurane anesthesia. The activity of
excitatory neurons were recorded by whole-cell patch-clamp
in both the control (Fig. 3A) and isoflurane (Fig. 3B) groups.
To detect the basic electrophysiological properties of the BLA
principal neurons, the activity of neurons (n=24) located in the
BLA were recorded using a whole-cell patch-clamp. The results
demonstrated that, compared with the control group, the resting
membrane potential of the excitatory neurons in the isoflurane
anesthesia group was enhanced (P<0.05; Control vs. Isoflurane,
-66.7+6.5 vs. -62.3+£5.2; Fig. 3C). However, no significant differ-
ence was recorded in input resistance between the isoflurane
and control groups (P>0.05; Control vs. Isoflurane, 177.9+42 .4
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Figure 2. In the open field test, aged mice spend more time in the outer area following isoflurane anesthesia. (A) The movement trajectories of the two
groups of mice in the open field test are shown. (B) The total distance traveled by the two groups of mice is presented. The time spend in the (C) central and

(D) peripheral area by the two groups of mice was recorded (n=15).

vs. 182.3+40.3; Fig. 3D). As the input current was increased, the
number of action potentials generated by the excitatory neurons
of mice in the isoflurane anesthesia group was notably elevated
compared with the control group (P<0.05; Fig. 3E). Additionally,
the action potential threshold was higher in the control group
compared with the isoflurane anesthesia group (P<0.05; Control
vs. Isoflurane, -39.4+5.3 vs. -36.6+7.9; Fig. 3F). However, there
was no difference in the amplitude of the action potential or the
half-amplitude of the action potential between the two groups
(P>0.05; Fig. 3G and H).

Electrophysiological changes of BLA inhibitory neurons in aged
mice following isoflurane anesthesia. The activity of inhibitory
neurons were recorded by whole-cell patch-clamp in both the
control (Fig. 4A) and isoflurane (Fig. 4B) groups. To investigate
the basic electrophysiological properties of the BLA inhibitory
neurons, the activity of 20 neurons in the BLA was recorded using
the whole-cell patch-clamp technique. The results showed that

compared with the control group, the resting potential of the isoflu-
rane anesthesia group was significantly lower (P<0.05; Control
vs. Isoflurane, -61.2+5.2 vs. -67.3+6.5; Fig. 4C). Consistently, the
input resistance was also markedly reduced (P<0.05; Control
vs. Isoflurane, 172.5+19.7 vs. 157.1+23.7; Fig. 4D). As the input
current was elevated, the number of evoked action potentials also
gradually increased. However, notably fewer action potentials
were recorded in the isoflurane anesthesia group compared with
the control group (P<0.05; Fig. 4E). Additionally, the threshold of
action potential was also significantly enhanced (P<0.05; Control
vs. Isoflurane, -43.8+6.1 vs. -36.9+5.4; Fig. 4F). However, no
difference between the two groups was obtained in terms of the
amplitude of action potential and action potential half-duration
(P>0.05; Fig. 4G and H).

Effect of diazepam on the BLA inhibitory neurons in aged
mice following isoflurane anesthesia. To further investigate
the effects of isoflurane anesthesia on BLA neurons, the



| SPANDIDOS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 28: 399, 2024

A
Vm=RMP
z
ol -
250 ms 50 pA 100 pA 150 pA 200 pA 250 pA
B
Vm=RMP
E
&
250 ms
50 pA 100 pA 150 pA 200 pA 250 pA
C < D . E
E 407 p=0.025 o 2 — .
s [ 3 | L
s —504 < - 2 300+ al & 151 = Isoflurane
5 o* 3 » o IS 1
S 60 ofa= = . .:_. 310+
o Spei 3 200 b s
g o] . 2 %
s e i 3
2 £
g -80- sov 3 100{ eee* ': .
()] = T T T 1
'% . 0 0 50 100 150 200 250
T Control  Isoflurane Control Isoflurane Current injection (pA)
F G H .
-20 4 100 4 ns ]
p=0.029 ——
< S 80+ T S 1
> | 1S
5_30 ; E =
o 2 60 3
o~ . el
o 2 2
‘s =
3 g 401 £
= ©
+= —40 4 © o
o o T
-50- 04
Control Isoflurane Control Isoflurane Control Isoflurane

Figure 3. Anesthesia of aged mice with isoflurane enhances the excitability of basolateral amygdala neurons. (A) Action potentials of excitatory neurons in
the control group injected with different currents at resting potential. (B) Action potentials of excitatory neurons in mice in the isoflurane anesthesia group

injected with different currents at resting potential. (C) Resting potentials of ex:

citatory neurons in brain slices isolated from mice in the control and isoflurane

groups. (D) The input resistance of both groups of excitatory neurons is presented. (E) The number of action potentials evoked by different input currents of
excitatory neurons in brain slices from mice in the control and isoflurane groups is shown. (F) The threshold of action potential of excitatory neurons in brain
slices of control and isoflurane-treated mice. The amplitude of (G) action potential and (H) action potential half-duration of excitatory neurons in brain slices
derived from mice in the control and isoflurane groups was also recorded (n=24). "P<0.05, control group vs. isoflurane group. AP, action potential; AHP, action

potential half-duration.

ACSF perfusion solution was supplemented with diazepam
(500 ng/ml) (18), to enhance the excitability of inhibitory
neurons (20). Subsequently, the action potentials of 19 inhibi-
tory neurons at resting potential was recorded using the
whole-cell patch-clamp technique (Fig. SA and B). Therefore,
compared with the control group, there was no significant

difference in the resting potential (Fig. 5D) or input resistance
(Fig. 5E) of the BLA inhibitory neurons in the isoflurane
anesthesia group (P>0.05). As the input current increased, the
number of evoked action potentials also gradually enhanced.
However, significantly fewer action potentials were recorded
following treatment with diazepam (P<0.05; Fig. 5C), while
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Figure 4. Isoflurane anesthesia inhibits the electrophysiological activity of basolateral amygdala inhibitory neurons in aged mice. The action potentials of
inhibitory neurons in mice in the (A) control and (B) isoflurane anesthesia groups injected with different currents at resting potential are shown. (C) Resting
potentials of inhibitory neurons in brain slices derived from mice in the control and isoflurane groups. (D) Input resistance of inhibitory neurons in brain
slices from control and isoflurane-treated mice. (E) The number of action potentials evoked by different input currents of inhibitory neurons in brain slices
isolated from mice in the control and isoflurane groups is shown. (F) Threshold of action potential of inhibitory neurons in brain slices from control and
isoflurane-treated mice. The amplitude of (G) action potential and (H) action potential half-duration of inhibitory neurons in brain slices derived from mice
in the control and isoflurane groups was recorded (n=20). "P<0.05 control group vs. isoflurane group. AP, action potential; AHP, action potential half-duration.

the threshold of action potential was significantly reduced technique (Fig. 6A and B). Therefore, compared with the
(P<0.05; Iso vs. Iso + Diaz, -36.7+5.4 vs. -41.2+7.2; Fig. 5F). isoflurane anesthesia group, the resting potential of excit-

atory neurons in the diazepam group was significantly lower
Effect of diazepam on the BLA excitatory neurons in aged mice ~ (P<0.05; Iso vs. Iso + Diaz, 172.5+19.8 vs. 157.1+23.7; Fig. 6D).
following isoflurane anesthesia. The action potentials of 18  In addition, the input resistance was also notably reduced in
excitatory neurons after injecting different currents at resting  the isoflurane anesthesia group compared with the diazepam
potential were recorded using the whole-cell patch-clamp  group (P<0.05; Iso vs. Iso + Diaz, -61.2+5.2 vs. -67.3+6.5;
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Figure 5. Diazepam increases the excitability of inhibitory neurons in the basolateral amygdala of aged mice after isoflurane anesthesia. The action potentials
of inhibitory neurons in mice in the (A) isoflurane anesthesia and (B) diazepam groups injected with different currents at resting membrane potential. (C) The
number of action potentials of inhibitory neurons in the brain slices isolated from isoflurane-treated mice with or without the addition of diazepam under
different input currents. (D) The resting membrane potential of inhibitory neurons in the brains of isoflurane-treated mice with or without the addition of
diazepam is shown. (E) Input resistance of inhibitory neurons in the brains of isoflurane-treated mice co-treated or not with diazepam. (F) Action potential
threshold of inhibitory neurons in the brains of isoflurane-treated mice with or without the addition of diazepam (n=19). "P<0.05 Iso group vs. Iso + Diaz group.

AP, action potential; Iso, isoflurane; Diaz, diazepam.

Fig. 6E). As the input current increased, the number of evoked
action potentials was also gradually enhanced. However, the
number of action potentials evoked by excitatory neurons in
the diazepam group was markedly reduced compared with
the isoflurane anesthesia group (P<0.05; Fig. 6C). Finally,
the threshold of action potential was significantly higher in
mice in the isoflurane anesthesia group compared with the
diazepam group (P<0.05; Iso vs. Iso + Diaz, -42.1£5.4 vs.
-38.9+3.2; Fig. 6F).

Discussion

POCD is a type of cognitive impairment that occurs after
surgery and is characterized by decreased memory, lack of
concentration and impaired executive function (21,22). It has
been suggested that anxiety can be a major factor associated
with the onset of POCD after surgery, particularly in elderly
patients (3). Anxiety is a physiological mechanism that is
crucial for survival. However, anxiety circuit dysregulation
caused by chronic stress, traumatic brain injury or drugs, can
result in pathological anxiety (23).

In the present study, an aged mouse model of isoflurane
anesthesia was established and elevated plus maze and
open field tests were performed to assess anxiety behavior.

The results indicated that aged mice displayed anxiety-like
behavior after receiving isoflurane anesthesia. More particu-
larly, the results demonstrated that mice spent more time in
the closed arms, showed wall-hugging behavior and traveled
longer distances, thus indicating fear and avoidance behavior
towards new environments and objects. Additionally, a
previous study revealed that volatile anesthetics can cause
neurodevelopmental toxicity in rodents and primates and
lead to more exaggerated anxiety-like behavior in response to
future stress (24).

The processing of anxiety-related information involves a
widespread network of brain areas, with the amygdala being a
key structure in this network (25). Among the multiple branches
of the amygdala, the BLA and central amygdala (CeA) serve
a significant role in anxiety processing (26,27). The BLA is
a cortical structure predominantly composed of excitatory
principal projection neurons and local inhibitory interneurons,
which not only modulate the output of the CeA, but also play
multiple roles in shaping information flow through the amyg-
dala circuits (28). It has been reported that the overactivity
of the BLA is associated with pathological anxiety. Previous
studies also showed that a subset of inhibitory interneurons
in the BLA continued to increase their firing rate during
anxiety-like behavior (29,30). Inhibitory interneurons in the
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Figure 6. Diazepam inhibits the excitability of excitatory neurons in the basolateral amygdala of aged mice anesthetized by isoflurane. The action potentials
of excitatory neurons in aged mice in the (A) isoflurane anesthesia and (B) diazepam groups injected with different currents at resting potential are presented.
(C) The number of action potentials evoked by different input currents and (D) the resting potentials of excitatory neurons in the brains of isoflurane-treated
mice with or without the addition of diazepam are shown. (E) Input resistance of excitatory neurons in the brains of mice in the isoflurane group co-treated or
not with diazepam. (F) Threshold of action potential of excitatory neurons in the brains of isoflurane-treated mice with or without the addition of diazepam
(n=18). "P<0.05 Iso group vs. Iso + Diaz group. AP, action potential; Iso, isoflurane; Diaz, diazepam.

BLA can regulate the output of excitatory principal projection
neurons to limit the magnitude of anxiety behaviors.

In the present study, whole-cell patch clamp electro-
physiology showed that the excitability of the BLA excitatory
neurons in aged mice was significantly increased after
isoflurane anesthesia, as evidenced by the significantly higher
resting membrane potential and input resistance, lower action
potential threshold and the markedly increased number of
action potentials fired. By contrast, the excitability of inhibi-
tory neurons was markedly decreased, as evidenced by the
notably lower resting membrane potential and input resis-
tance, the higher action potential threshold and the significant
decrease in the number of action potentials fired compared
with the control group.

It has been reported that isoflurane and other anesthetics
can affect postsynaptic y-aminobutyric acid sub-type A
(GABAA) receptors and increase their inhibitory func-
tion via allosteric modulation (31,32). Therefore, when
isoflurane is present, the GABAA receptor-mediated charge
transfer is increased, primarily due to the prolongation of
the inhibitory current decay. The aforementioned effect has
been observed in evoked inhibitory postsynaptic potentials
in the BLA (33). Therefore, a previous study demonstrated
that repeated exposure to isoflurane promotes a long-term
increase in spontaneous GABAA receptor-mediated synaptic

transmission (34). Inhibitory interneurons in the amygdala
regulate the output of excitatory principal projection neurons
to prevent overt behavioral responses to anxiety-provoking
stimuli. Therefore, it was hypothesized that they could serve
a critical role in defining the valence of incoming sensory
stimuli (20). In the present study, to further investigate the
role of inhibitory neurons in the increased excitability of the
BLA excitatory neurons following isoflurane anesthesia, the
perfusate of the brain slices was supplemented with diazepam.
Diazepam is the most commonly used psychotropic medica-
tion for the treatment of anxiety disorders (35). It enhances
the excitability of central inhibitory neurons primarily by
enhancing the inhibitory effects of GABA at the GABA A
receptor (36). Diazepam binds to specific sites on the GABA
A receptor, thus inducing the inhibitory effects of GABA (37).
In turn, the aforementioned process facilitates the opening of
chloride ion channels, allowing more chloride ions to enter
the neurons, thus strengthening the inhibitory effects of
GABA (36). The aforementioned enhanced inhibitory activity
can reduce neuronal excitability, thus resulting in sedative,
anxiolytic and anticonvulsant effects (38). In the present
study, co-treatment of isoflurane anesthesia-treated aged mice
with diazepam significantly increased the excitability of the
BLA inhibitory neurons, while that of excitatory neurons was
notably decreased. This finding suggested that the reduced
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excitability of inhibitory neurons in aged mice following
isoflurane anesthesia could lead to attenuated inhibition of
excitatory neurons, thus resulting in the increased excitability
and electrical activity of excitatory neurons, ultimately leading
to anxiety-like behaviors.

Interneurons in the BLA can form local circuits, thus
promoting feedforward and feedback inhibition to projection
neurons and other interneurons (28). These interneurons can
be classified into different subgroups based on the expres-
sion of calcium binding proteins and neuropeptides, such
as parvalbumin, somatostatin, cholecystokinin, calbindin
and calretinin. The aforementioned interneurons can differ
in soma size and dendritic tree shape, while they can target
distinct compartments of their postsynaptic targets within the
BLA (28). Therefore, emerging evidence has suggested that
inhibition of interneurons in the BLA plays a crucial role in
regulating anxiety.

In conclusion, aged mice displayed anxiety-like behavior
after receiving isoflurane anesthesia, possibly due to the
decreased excitability of the inhibitory neurons in the BLA
area. This process resulted in an enhanced excitability and
electrical activity of excitatory neurons, eventually leading to
anxiety-like behavior. However, the mechanism involved was
not clarified, and further animal experiments are required to
elucidate the effects of isoflurane anesthesia on anxiety-like
behavior. Anesthesia-induced consciousness disturbances
are usually short-term, with anxiety-like behaviors in aged
mice following isoflurane anesthesia being most prominent
2 to 3 days post-anesthesia, gradually resolving even without
drug intervention. Therefore, the present study only explored
behavioral changes in aged mice after isoflurane anesthesia
and electrophysiological alterations in the BLA region,
thereby providing a potential direction for future research on
anxiety-like behavior changes in elderly patients following
anesthesia.
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