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Objective: Dexmedetomidine (DEX) is a potent a2-adrenoceptor agonist that has sedative,
analgesic, and anxiolytic effects. Its primary clinical use is as an adjunct to general anesthe-
sia to reduce anesthetic doses, provide analgesia and sedation in the preoperative and
postoperative periods, it also used in intensive care units (ICUs). However, high concentra-
tions of DEX may have toxic effects on neurons and cause neuronal apoptosis. This study
aimed to evaluate the potential proapoptotic effects of DEX on fetal rat hippocampal
neurons.

Methods: Primary hippocampal were cultured in vitro for 8 days and incubated with
different DEX concentrations for 3 h. Cell viability was measured using cell counting kit-8
assays. Cell apoptosis was evaluated using flow cytometry. The expression of apoptosis-
related proteins, such as cleaved caspase-3, caspase-9, Cyt-c, Bax, and Bcl-2, was measured
by Western blotting. The mitochondrial ATP levels, Aym, and ROS analyzed were
conducted.

Results: High concentrations of DEX (=100 puM) significantly reduced cell viability,
induced neuronal apoptosis, upregulated the protein expression of cleaved caspase 3, Bax,
cleaved caspase 9, and Cyt-c. DEX also considerably promoted the release of ROS.
However, DEX (>100 uM) downregulated the protein expression of Bcl-2, decreased the
mitochondrial membrane potential (MTP), and reduced ATP synthesis.

Conclusion: High concentrations of dexmedetomidine produced toxic effects on neurons
and caused neuronal apoptosis.

Keywords: dexmedetomidine, hippocampus, neurotoxicity, mitochondrial membrane
potential, ROS

Introduction

With the development of anesthesia technology, millions of newborns and children
receive general anesthesia during surgeries, imaging tests, and invasive procedures
each year. However, whether general anesthetics have neuroprotective effects has been
a controversial topic among scientists. Studies have shown that exposure to general
anesthesia does not affect infant neurodevelopment.”® However, some studies have
shown that general anesthesia exposure can increase the risk of long-term neurocog-
nitive problems’ '? Preclinical animal studies, multi-center prospective studies, and
large-scale retrospective studies have shown that general anesthetics may cause neu-
rotoxicity in the developing brains of children, affecting the memory and learning
abilities of these children. The Food and Drug Administration (FDA) of the United
States issued a warning in December 2016 for the repeated or lengthy use of general

anesthetics and sedation drugs in young children or women in their third trimester of
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pregnancy due to concerns regarding possible negative
alterations in brain development. The study, published in
JAMA, showed that higher doses of general anesthesia expo-
sure and longer durations of anesthesia accumulation were
associated with more toxic effects on neurons and lower
white matter integrity in the corpus callosum associated
with the observed impairment of neurocognitive function.
Based on the neurotoxic effects of general anesthetics on
specific populations such as children, it is urgent to study
whether other sedatives can also produce neurotoxic effects.
DEX is a highly selective type of 2-adrenergic receptor
agonist with sedative, anxiolytic, and analgesic effects. The
combination of DEX and general anesthesia can reduce the
dose of the general anesthesia drugs used. Therefore, DEX is
increasingly used for sedation in children based on these
advantages, although there is no medication guidance for
children."*™'> Previous studies have shown that DEX has
neuroprotective effects on reducing cerebral ischemia-
reperfusion injury and can reverse neuronal apoptosis
induced by general anesthesia exposure in newborn
mice.®!'""'*'® However, the potential neurotoxicity of high
DEX concentrations has been poorly studied. There are still
many uncertainties about the widespread application of DEX
and its safety, including whether the cumulative dose of DEX
has a neurotoxic effect on the central nervous system when
used for an extended period. Therefore, our study aimed to
observe whether high concentrations of DEX exerted neuro-
toxic effects by pretreating primary fetal rat neurons with
different concentrations.

Materials and Methods

Hippocampal Neuron Culture

Primary hippocampal neurons were isolated from fetal rat
16—18-day-old
embryos according to previously described experimental

hippocampi  from Sprague-Dawley
methods. The practical steps were as follows: First, preg-
nant rats were anesthetized with 1% isoflurane, and the
uterus was rapidly exposed to remove the fetus under
sterile conditions. After the fetus was anesthetized and
decapitated, the hippocampus was exposed and separated
from brain tissue under a stereomicroscope, shredded to
approximately ] mm x 1 mm % I mm in size, placed in
a centrifuge tube, treated with an equal volume of 0.25%
trypsin-EDTA  solution (Beijing Solar Science &
Technology Co., Ltd., Beijing, China, Cat# T1300) and
digested for 15 minutes at 37°C. The tissue was disso-
ciated by repeated trituration through a fire-polished glass

pipette to obtain a single-cell suspension. Then the single-
cell suspension was seeded onto polylysine-coated plates
(Sigma-Aldrich Chemical Co., St. Louis, MO, USA, Cat#
P4832) at a density of 1-2x10° cells/mL in a plating
medium containing 88% DMEM/F12 (Thermo Fisher
Scientific Inc., Waltham, MA, USA, Cat# 11,320,082),
10% FBS (Gibco™; Thermo Fisher Scientific Inc., Cat#
10,099,141), 1% glutamine (Sigma-Aldrich Chemical Co.,
Cat# G7513) and 1% penicillin/streptomycin (Beijing
Solar Science & Technology Co., Cat# P1400) at 37°C
in a humidified atmosphere of 5% CO2 and 95% room air.
Four hours after inoculation, the medium was replaced
with a serum-free maintenance medium that was not con-
ducive to glial cells’ growth or survival. The maintenance
medium consisted of 96% neurobasal medium supplemen-
ted with 2% B27 (50, Gibco®™; Thermo Fisher Scientific
Inc., Cat# 21,103,049), 1% 200 mM L-glutamine (100x,
Sigma-Aldrich Chemical Co., Cat# G7513) and 1% peni-
cillin/streptomycin  (100%, Beijing Solar Science &
Technology Co., Cat# P1400), and half of the maintenance
medium was replaced every 3 days. Cell growth was
observed and recorded, including morphology, density,
and protrusions, under an inverted microscope every day
during culture. All experiments were performed at § days
in vitro (DIV). Sprague-Dawley was obtained from the
Animal Use and Care Committee of Guangxi Medical
University. The experimental procedure and protocols
were approved by the Animal Use and Care Committee
of Guangxi Medical University (No. SCXK GUI
2003-0005) and were performed by the Guideline for
Ethical Review of Animal Welfare (GB/T 35,892-2018).

Hippocampal Neuron ldentification

MAP2 is preferentially located in nerve cells. In neurons,
MAP?2 exists in neuronal cell bodies and dendrites, but little
or no immunostaining is detected in axons. Therefore,
MAP2-positive cells can be considered as neurons.'’
Hippocampal neurons (8 DIV) were identified with rabbit
monoclonal antibodies against microtubule-associated pro-
tein 2 (MAP2) (Abcam, Cambridge, England, UK, Cat#
ab79757). Then were fixed with 4% paraformaldehyde
(Beijing Solar Science & Technology Co.) for 30 minutes
at room temperature. The cells were washed with PBST and
permeabilized with 0.1% Triton X-100 (Beijing Solar
Science & Technology Co.) after the paraformaldehyde
was removed. Then, the cells were blocked with 5% goat
serum (Beijing Solar Science & Technology Co.) for 30
minutes and were incubated with primary antibodies against
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MAP2 (dilution: 1:200) overnight at 4°C, followed by incu-
bation with horseradish peroxidase-labeled secondary anti-
bodies for 10 minutes at room temperature. The immune
reaction was visualized by incubating the cells with the
chromogen 3,3'-diaminobenzidine. Cells were counter-
stained with Gill-2 hematoxylin and then imaged using
a Leica (Wetzlar, Hessen, Germany) microscope.

Experimental Groups and Processing

The 8 DIV primary hippocampal neurons were randomly
divided into 7 groups using a computer-generated chart as
follows: Group C (control group), Group D0.1 (0.1pM DEX
group), Group D1 (1 uM DEX group), Group D10 (10 uM
DEX group), Group D100 (100 uM DEX group), Group
D200 (200 uM DEX group), and Group D300 (300 uM
DEX group) (Figure 1). In Group C, the culture medium
was replaced with a fresh maintenance medium. The cells in
Groups DO0.1, D1, D10, D100, D200, and D300 were treated
with 0.1, 1, 10, 100, 200, and 300 uM DEX (3 h), respec-
tively. Neuronal cell viability was measured by the cell
counting kit-8 (CCK-8) assay, and neuronal cell death was
analyzed by flow cytometry (Annexin V/propidium iodide).
Western blotting was used to measure the expression of
apoptosis-related proteins, such as cleaved caspase 3,
Caspase-9, Cyt-c, Bax, and Bcl-2, in hippocampal neurons.
We also assessed ATP levels, mitochondrial membrane

R, wyr Y
C D01 D1
Fresh
maintenance
medium

potential, and reactive oxygen species (ROS). Samples in
each group were analyzed at least in triplicate, and each
group had at least three independent batch samples.

Neuronal Cell Viability Evaluation

Neuronal cell viability was determined by CCK-8 assays
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan,
Cat# CK04). Two hundred microliters of suspended cells
were plated in a 96-well plate at a density of 1x10° cells/
well and preincubated for 8 days in a humidified incubator
at 37°C with a 5% CO2 atmosphere. Each group was
incubated according to the method described above.
After the experimental treatment, the culture medium
was discarded and replaced with 200uL of fresh medium,
and 10uL of the CCK-8 reaction solution was added to
each well of the plate. The absorbance at a wavelength of
450nm was measured by a microplate reader (Thermo
Fisher Scientific Inc.) after the culture plate was incubated
with a 5% CO2 atmosphere at 37°C for 4 h.

Apoptosis Evaluation

Hippocampal neurons were inoculated into a 12-well cul-
ture plate coated with L-L-Polylysine at a density of 1x10°
cells/well and were continuously cultured for 7 days. After
the experimental treatment, the neuronal cells were har-
vested and digested with EDTA-free trypsin (Beijing Solar

Cellsuspension

=

D10

D100 D200 D300

Incubation with dexmedetomidine at concentrations of 0.1 uM ,

TpM 10 uM,100 pM 200 pM and 300 pM for 3 h

Figure | Experimental groups and processing.

Notes: The culture medium in group c was replaced with a fresh maintenance medium. The cells in Groups DO.1, DI, D10, D100, D200, and D300 were treated with 0.1

uM, I uM, 10 uM, 100 uM, 200 uM and 300 uM DEX (3 h), respectively.
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Science & Technology Co., Ltd., Beijing, China, Cat#
T1300), rinsed with PBS, and centrifuged at 1000 rpm
for 5 minutes at 4°C. The supernatant was discarded, and
200 pL of 1x binding buffer (10x binding buffer diluted
10 times with PBS) was added. Then, the cells were
iodide (BD
Biosciences, Cat# 556,547), and the apoptosis rate of

stained with Annexin V/propidium
cells in each group was analyzed by a FACSCalibur flow
cytometer (BD Biosciences).

Western Blotting

Neuronal cells were scraped off the dish, then 120 uL of lysis
buffer (RIPA + PMSF + phosphatase inhibitor) was added and
mixed with a pipette tip until the cells are completely lysed,
then aspirated and placed in a frozen 1 mL EP tube and
centrifuged at 12,000 rpm for 5 minutes at 4°C. Each homo-
genate’s protein concentration was determined using a BCA
kit (Beijing Solar Science & Technology Co.). The supernatant
was collected and stored at —80°C. Loading buffer (5%, Beijing
Solar Science & Technology Co.) was added to each cell lysate
sample, which was then boiled at 100°C for 5 minutes and
separated on 12% SDS-PAGE gels (Beijing Solar Science &
Technology Co.) in running buffer with 120 volts for approxi-
mately 1 h, followed by transfer onto a polyvinylidene difluor-
ide (PVDF) membrane (0.22 pm; EMD Millipore, Billerica,
MA, USA). The membrane was blocked in 5% skim milk and
incubated at room temperature for 2 h. Then, it was incubated
at 4°C overnight with primary antibodies against cleaved
caspase-3, cleaved caspase-9 (Cell Signaling Technology,
Cat# 9661), Cyt-c(Abcam, Cat# ab32503), Bcl-2 (Abcam,
Cat# ab196495), Bax (Abcam, Cat# ab32503), or GAPDH
(Proteintech, Chicago, IL, USA, Cat# 10,494-1-AP). The
membranes were rinsed with Tris-buffered saline containing
tween (TBST) (Beijing Solar Science & Technology Co.) and
then incubated with fluorescent dye-conjugated secondary
antibodies (LI-COR Biosciences, Lincoln, NE, USA) for 3
h. Images were acquired by an Odyssey system (LI-COR
Biosciences) and were quantitated with Imagel.

ATP Determination

The culture medium was adsorbed, and 200 microliters of
lysate were added to each well of the 6-well plate. Then,
the medium was centrifuged at 4°C at 12,000 g for 5
minutes. The supernatant was removed, and the ATP
detection reagent was diluted with the dilution solution at
a ratio of 1:9. Next, 100 uL of ATP detection solution was
added to the detection well and incubated at room tem-
perature for 3—5 minutes. Then, 20uL of the sample was

added to the test well and mixed quickly with a pipette.
After 2 seconds, the RLU value or CPM was determined
with a luminometer or a liquid flash instrument.

Mitochondrial Membrane Potential

The culture medium was removed, and 1 mL of JC-1 stain-
ing solution was added to the well. Then, the cells were
incubated at 37°C for 20 minutes. During the incubation, an
appropriate amount of JC-1 staining buffer (1x) was pre-
pared at a ratio of 4 mL of distilled water to 1 mL of JC-1
staining buffer (5%) and placed in an ice bath. After incuba-
tion at 37°C, the supernatant was removed, and the cells
were washed twice with JC-1 staining buffer (1x). A total of
2 mL of cell culture medium was added, and the cells were
observed under a fluorescence microscope.

Intracellular ROS Analysis

The DCFH-DA probe and fluorescence microscopy were
used to analyze intracellular ROS levels. DCFH-DA was
diluted with the serum-free medium at a ratio of 1:1000 to
a final concentration of 10uM. The cell culture medium
was removed, and an appropriate volume of diluted
DCFH-DA was added. The cells were incubated in a 37°
C incubator for 20 minutes. The cells were washed three
times with a serum-free cell culture medium to sufficiently
remove the DCFH-DA that did not enter the cells. The
fluorescence intensity was observed under a laser confocal
microscope (488 nm excitation wavelength, 525 nm emis-
sion wavelength) and analyzed by software.

Statistical Analysis

SPSS 22.0 (IBM Corporation, Armonk, NY, USA) and
GraphPad Prism 6.07 software (OriginLab, Northampton,
MA, USA) were used for statistical analyses. The
Student’s #-test was used to compare two experimental
groups, and one-way ANOVA was used to compare sev-
eral treatment groups. When appropriate, Bonferroni’s post
hoc comparison test was used. P-values,0.05 were consid-
ered statistically significant.

Results
The Cumulative Dose of DEX Affects
Hippocampal Neuronal Viability and

Promotes Apoptosis

To determine the role of DEX in hippocampal neuronal
viability, we examined the effects of DEX by CCK-8
assays and flow cytometry. The results indicated no
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significant differences between group D01, group D1, and
group D10 compared with the control group. A significant
decrease in hippocampal neuronal activity was observed
after hippocampal neurons were exposed to high DEX
concentrations (>100uM) (Figure 2A and B). The CCK-8
assays revealed that treatment with 100 uM DEX mark-
edly reduced neuronal viability by 47.44% compared with
Group C. We also found the percentage of apoptotic cells
was significantly increased in group D100, groupD200,
and groupD300 (Figure 3).

High-Dose DEX Enhanced Neuronal

Apoptosis-Related Protein Expression

In the present study, we found no significant differences
between group D01, group D1, and group D10 compared
with group C (Figure 3A-E). Group D100 and group
D200, which were treated with high doses of DEX (100
uM and 200 uM), exhibited significantly increased protein
expression of cleaved caspase 3, Caspase-9, Cyt-c, and
Bax but decreased protein expression of Bel-2 compared
with that of the control group (Figure 3A—E). In addition,
we also observed that the protein expression of cleaved
caspase 3, Caspase-9, Cyt-c, and Bax were significantly
increased, and the protein expression of Bcl-2 was
decreased in group D100 and group D200 compared with
that of group D10 (Figure 3A-E). Moreover, 200 uM
DEX notably reduced the protein expression of Bcl-2
(Figure 3A-E) and increased the protein levels of cleaved
caspase 3, Caspase-9, and Cyt in hippocampal neurons
compared with those of cells treated with a concentration
of 100puM. This finding suggests that increasing the cumu-
lative dose of DEX enhanced neuronal apoptosis-related
protein expression.

High-Dose DEX Reduces Neuronal ATP

and Increases ROS Levels

The cumulative dose of DEX had a significant effect on
cellular ATP and ROS levels. Our experimental results
showed that 100 pM and 200 uM DEX significantly
reduced neuronal ATP (Figure 4A) and increased ROS
levels compared with group C (Figure 4B). Also, we
observed that 100 pM and 200 uM DEX significantly
reduced neuronal ATP and increased ROS levels compared
with that of 10 uM DEX (Figure 4A and B). DEX at 0.1,
1, and 10 pM exhibited no significant differences in neu-
ronal cell ATP and ROS levels than group C. This finding
shows that the increased cumulative doses of 100 uM and

200 pM DEX resulted in significantly elevated ROS levels
and decreased ATP levels.

High-Dose DEX Reduces Cell

Mitochondrial Membrane Potential

No mitochondrial membrane potential damage or changes
were observed in response to 0.1 uM, 1 uM, and 10 uM
DEX (Figure 5). However, cumulative doses of 100 uM
DEX and 200 pM DEX significantly reduced the cell
mitochondrial membrane potential. Besides, doses of 200
uM DEX significantly reduced the cell mitochondrial
100 uM DEX
(Figure 5). This finding suggests that a cumulative dose-

membrane potential compared with

dependent reduction in the cell mitochondrial membrane
potential was observed.

Discussion

All commonly used general anesthetics, including sevo-
flurane, the most frequently used anesthetic in pediatric
practice, have been found to cause widespread apoptotic
neuronal death and to alter the dendritic architecture and
deficits in long-term cognitive and behavioral function in
animals, including small rodents and nonhuman primates,
after exposures of up to six h early in life?*® Despite
a lack of solid affirmative findings in human studies,
additional research into better understanding developmen-
tal anesthetic neurotoxicity are urgently needed.
Accordingly, the present study was designed to observe
whether DEX promoted neuronal apoptosis in a dose-
dependent manner. Based on our current findings, this is
the first study to demonstrate that treatment with high-
concentration DEX (=100 pM) can promote neuronal
apoptosis in vitro. Studies had shown that neuronal apop-
tosis in the hippocampus was observed when the concen-
tration of DEX was greater than Spg/kg.'® DEX produced
significant cellular degeneration and apoptosis in primary
sensory brain regions in the brains of 7-day-old rat pups.
The higher DEX dose, 45ug/kg, resulted in numerically
higher numbers of apoptotic and degenerated cells than the
30ug/kg dose in almost all areas. These results showed
that DEX promoted neuronal apoptosis in a dose-
dependent manner.?” Liu et al'’ found that cumulative
doses of 50 to 250ug/kg DEX in seven-day-old Sprague-
Dawley rats could induce neuronal apoptosis in the soma-
tosensory cortex. As shown in other in vivo studies, 30ug/
kg DEX can induce the Caspase 3-mediated immune
response in neurons in the thalamic region (VPM, MG)
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Figure 2 High concentrations of DEX (2100 pM) reduce neuronal viability and promote apoptosis.

Notes: (A) There were no significant differences between group D01, D1, and D10 compared with the control group (one-way ANOVA, *P>0.05, n=18), while a significant
decrease in hippocampal neuronal activity was observed after hippocampal neurons had been exposed to high concentrations of DEX (2100 uM) (group D100, D200 and
D300; one-way ANOVA, °P<0.05, n=18). (B) There was no significant difference in hippocampal neuronal apoptosis between group C and groups DOI, D1, and D10.
However, significant increase in the percentage of apoptotic cells in group D100, D200, and D300 was observed (one-way ANOVA, ?P<0.05, n=9). *P: compared with group
C, ®P<0.05; P: compared with group D10, P<0.05; °P: compared with group D100, P<0.05.
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Figure 3 DEX promotes neuronal apoptosis-related protein expression in a dose-dependent manner.

Notes: (A-E) DEX (100pM) notably reduced the protein expression of the Bcl-2 and increased the protein expression of cleaved caspase 3, Caspase-9 and Cyt-c compared
with that of group C (one-way ANOVA, P <0.05, n=5) and group D10 (DEX 10uM) (one-way ANOVA, ®P <0.05, n=5). There were no significant differences between group
DOl (DEX 0.1uM), DI (DEX 1pM) and D10 (DEX 10uM) compared with group C(one-way ANOVA, *P>0.05, n=5). DEX (200 pM) notably reduced the protein expression
of Bcl-2 and increased the protein expression of cleaved caspase 3, Caspase-9 and Cyt-c compared with that of the DEX 100 group (one-way ANOVA, P <0.05, n=5).

Drug Design, Development and Therapy 2021:15 hetps: 2439

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wei et al

Dove

A 1.5
T T ab
& 101
[
q abe
0 .
=
% 0.5
0.0' T T T
4] N N Q \] Q
QQ Q o’\ ONQ &0

ROS/GAPDH

Figure 4 High concentrations of DEX reduce neuronal ATP and increase ROS levels.
Notes: (A and B) No significant differences were observed in neuron cell ATP and ROS levels between the DO0.1, DI, and D10 groups compared with group C (one-way
ANOVA, °P>0.05, n=9). The dose of 100 yM DEX notably reduced neuronal ATP and increased ROS levels compared with those of group C (one-way ANOVA, °P <0.05,
n=9). Significant differences were observed in neuronal ATP and ROS levels at doses of 10 pM and 100 uM DEX (one-way ANOVA, ®p <0.05, n=9). Furthermore, 200 yM
DEX significantly elevated ROS levels and decreased ATP levels compared with 100 uM DEX (one-way ANOVA, P <0.05, n=9). *P: compared with group C, P<0.05; °P:

compared with group D10, P<0.05; “P: compared with group D100, P<0.05.

and sensory cortex (S1, Al, V1) of newborn mice, and
a large number of silver-stained cells can also be observed
in these regions. Lee et al'® found that significant apopto-
sis could be kept in the thalamic posterior ventral nucleus
and hippocampal CA2/3 neurons when the dose of DEX
was 300ug/kg. Our previous study showed that 10 uM
DEX could effectively inhibit propofol’s neurotoxic effect
on primary hippocampal neurons without producing addi-
tional harmful effects, which was consistent with the
observation in this study that no neuronal apoptosis was
observed after incubation with 10 pM DEX.*® In the pre-
sent study, we observe that DEX at low concentrations had
no damaging effect on neurons. In contrast, a high con-
centration of DEX (>100uM) promoted neuronal apoptosis
in a dose-dependent manner, Which further confirmed the
neurotoxicity of DEX at high concentrations as previously
reported.

Mitochondria are essential organelles in cells, whose
primary function is to convert nutrients into ATP, which is
used to maintain cellular metabolism?’ large number of
studies have confirmed that mitochondria play an essential
role in regulating the process of apoptosis, which is closely
related to the occurrence and development of many crucial
apoptotic events®’ Cytochrome C is not only a critical
substance associated with electron transfer in the respira-
tory chain but also a significant regulator of apoptosis. The
Cyt c-cysteine protease cascade is one of the main path-
that mediate apoptosis,

ways promoting caspase-3
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activation and apoptosis through its family members.
When the mitochondrial structure is destroyed, Cyt-c can
be released from the mitochondria into the cytoplasm?®*!
to form a complex with apoptotic protease activator —1
(apaf-1) and apoptotic bodies. The poly-Cyt-c-Apaf-1
complex activates procaspase-9. Caspase-9 induces the
caspase-6 and caspase-3 cascades and ultimately promotes
apoptosis®®*? Bcl-2 group proteins mainly include the
proapoptotic proteins BAK and BAX antiapoptotic protein
BCL-2, and these proteins are primarily distributed on the
mitochondrial membrane.**** Bax promotes Bax the
opening of the mitochondrial permeability transition pore
(PTP). The opening of the PTP can form a positive feed-
back amplification reaction, leading to disturbances in
mitochondrial structure and function, external mitochon-
drial flow, potential membrane collapse, osmotic imbal-
ance, and mitochondrial swelling and lysis, promoting the
release of cytochrome C and the activation of caspase-3
and eventually inducing apoptosis.®” In our study, primary
hippocampal neurons in fetal mice were used as models of
brain development. An evident decrease in neuronal cell
viability and an increase in the apoptotic proteins Bax,
cleaved caspase 9, cleaved caspase 3, and Cyt-c were
observed in neurons that had been pretreated with 100
uM (>100 uM) DEX. We inferred that a high concentra-
tion of DEX had a damaging effect on neuronal mitochon-
dria, affecting the respiratory chain reaction, promoting the

https:

2440

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove Wei et al

ab abc

JC-1/GAPDH

JC-1 aggregates JC-1 monomers Merge

Figure 5 High-dose DEX reduces cell mitochondrial membrane potential.

Notes: (A) There was no mitochondrial membrane potential damage or changes in response to 0.1 uM, | uM and 10 uM DEX (one-way ANOA, *P>0.05, n=9). Increasing
the concentration of DEX (100 uM, 200 pM) significantly reduced the cell mitochondrial membrane potential. DEX at 100 uM and 200 pM markedly decreased the cell
mitochondrial membrane potential compared with that of group C (one-way ANOVA, ?P<0.05, n=9). DEX at 200 uM significantly reduced the cell mitochondrial membrane
potential compared with that of cells treated with 100 pM DEX (one-way ANOVA, “P<0.05, n=9). (B) When the mitochondrial membrane potential is high, JC-I
accumulates in the mitochondrial matrix to form polymers (J-aggregates) and produces red fluorescence. When the mitochondrial membrane potential is low, JC-1 cannot
be concentrated in the mitochondrial matrix. In this context, JC-1 is a monomer and can produce green fluorescence. Treatment with 100 pM and 200 uM DEX reduced the
level of red fluorescence and increased the level of green fluorescence compared with those of group C, DI and D10, which indicates that the mitochondrial membrane
potential is reduced. *P: compared with group C, P<0.05; ®P: compared with group D10, P<0.05; P: compared with group D100, P<0.05.
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release of Cyt-c, and ultimately promoting neuronal
apoptosis.

ATP is a kind of high-energy phosphoric acid com-
pound. ROS are the products of oxygen metabolism in
mitochondrial electron transmission, which helps to main-
tain cellular homeostasis and participate in cell signal
transduction. However, too much ROS can oxidize DNA,
proteins, and fatty acids.'® ROS is closely related to the
activation of the mitochondrial-mediated apoptosis
pathway.”® After Cyt-c is released from mitochondria,
ROS production is increased, and apoptosis is more evi-
dent because the respiratory chain’s electron transfer pro-
cess is blocked.'* To verify whether DEX caused neuronal
damage by acting on mitochondria, we also measured
changes in ATP and ROS levels in neurons and changes
in mitochondrial membrane potential in response to differ-
ent DEX concentrations. The results showed that ATP
levels significantly decreased and ROS levels increased
dramatically in the D100 and D200 groups. Our results
support Liu et al that a high concentration of DEX pro-
motes neuronal cell necrosis and apoptosis.'”” We also
examined the effect of DEX on neuronal mitochondrial
membrane potential and found that > 100 uM DEX
(including 100 pM) induced a significant decrease in
mitochondrial membrane potential. Studies show that
Bcl-2 family proteins can effectively prevent Aym depo-
larization and inhibit apoptosis®®>* We also found that the
Bcl-2 protein was significantly reduced in group D100 and
group D200, further that the high-
concentration DEX has a neurotoxic effect.

confirming

To date, The mechanisms by which high concentrations
of DEX exert neurotoxicity remain unclear. In mammalian
mitochondria, ROS mainly originates from NADH (ubiqui-
none oxidoreductase (complex I)) and ubiquinol (cyto-
chrome ¢ oxidoreductase (complex II)) of the electron
transport chain.*' Complex I and complex III are the critical
sources of ROS production. However, excessive ROS in
geese can have toxic effects on cells.**** We found that
the ATP levels were significantly decreased and that the
ROS and Cyt-c levels were significantly increased in the
D100 and D200 groups. We inferred that DEX exerts neu-
rotoxic effects by inducing mitochondria-derived ROS pro-
duction via the inhibition of inhibiting complex I and
complex III of the mitochondrial respiratory chain, ulti-
mately inducing cell apoptosis. In addition to activation of
a2-adrenergic receptors, DEX-induced block of these cur-
rents could thus be potential mechanisms through which it
may depress neuronal excitability.*” Shirasaka et al found

that DEX increases G-protein-coupled inwardly, rectifying
K+ current and inhibits hyperpolarization-elicited inward
current,”** Besides, Voltage-gated K+ (KV) channels play
an essential role in determining the excitability of neurons.
Chen et al showed that DEX (30mM) significantly decreased
current amplitude at the end of the voltage pulses from 2018
(152) to 1196 (81) pA, they found DEX produces
a depressant action on IK(DR) in a concentration and state-
dependent fashion. We found that a high concentration of
DEX significantly reduced neuronal excitability and thus
inferred that it affected the action potential of neuron cells
and reduced the excitability of nerve cells by inhibiting the
opening of the Ixpr) channel, thereby directly regulating
membrane ionic currents, modifying the mitochondrial
membrane potential and apoptotic changes, and eventually
triggering apoptosis.

Given the abundant confounders affecting young chil-
dren requiring surgery with anesthesia, the ethical limita-
tions of clinical studies, and the substantial differences
between all model species and clinical practice. Although
our present study showed that DEX promoted neuronal
apoptosis in a concentration of>100 uM in vitro, the DEX
concentration used in this work could not be clinically
achievable, it remains unresolved whether results from ani-
mal studies can be directly applied to pediatric anesthesia
practice. It is prudent not only to identify safer, alternative
anesthetic techniques in animals but also to evaluate the
safety of DEX for clinical use in children with high quality,
large sample, and multi-center retrospective study.

Conclusion

Our study indicates that incubation of hippocampal neu-
rons with 100 uM and 200 uM DEX for 3 h reduced the
activity of primary neurons, decreased the mitochondrial
membrane potential, increased the expression of apopto-
sis-related proteins, and finally induced apoptosis in hip-
pocampal neurons, which suggests that DEX has a dose-
dependent neurotoxic effect at high concentrations.
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