1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Anesth Analg. Author manuscript; available in PMC 2022 March 01.

-, HHS Public Access
«

Published in final edited form as:
Anesth Analg. 2021 March 01; 132(3): 878-889. doi:10.1213/ANE.0000000000005268.

Dexmedetomidine and clonidine attenuate sevoflurane-induced
Tau phosphorylation and cognitive impairment in young mice via
alpha-2 adrenergic receptor

Mingyang Sun, M.D., Ph.D.22, Yuanlin Dong, M.D., M.S.2, Mengzhu Li23, Yiying Zhang, M.D.,
Ph.D.2, Feng Liang, M.D., Ph.D.2, Jiagiang Zhang, M.D., Ph.D.1, Sulpicio G. Soriano, M.D.4,
Zhongcong Xie, M.D., Ph.D.2"

1Department of Anesthesiology and Perioperative Medicine, Henan Provincial People’s Hospital,
People’s Hospital of Zhengzhou University, Zhengzhou, Henan, P.R. China 450003

?Department of Anesthesia, Critical Care and Pain Medicine, Massachusetts General Hospital
and Harvard Medical School, Charlestown, MA 02129

3Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine, Shanghai,
P.R. China, 200092.

4Department of Anesthesiology, Perioperative and Pain Medicine, Boston Children’s Hospital,
Boston, MA 02125

Abstract

Background: Anesthetic sevoflurane induces Tau phosphorylation and cognitive impairment in
young mice. The underlying mechanism and the targeted interventions remain largely unexplored.
We hypothesized that dexmedetomidine and clonidine attenuated sevoflurane-induced Tau
phosphorylation and cognitive impairment by acting on alpha-2 adrenergic receptor.

Methods: Six-day-old mice received anesthesia with 3% sevoflurane two hours daily on
postnatal days 6, 9, and 12. Alpha-2 adrenergic receptor agonist dexmedetomidine and clonidine
were used to treat the mice with and without the alpha-2 adrenergic receptor antagonist
yohimbine. Mouse hippocampi were harvested and subjected to western blot analysis. The New
Object Recognition Test and Morris Water Maze were used to measure cognitive function. We
analyzed the primary outcomes by using two-way and one-way ANOVA, and Mann-Whitney U
test to determine the effects of sevoflurane on the amounts of phosphorylated Tau, postsynaptic
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density-95 and cognitive function in young mice after the treatments with dexmedetomidine,
clonidine and yohimbine.

Result: Both dexmedetomidine and clonidine attenuated the sevoflurane-induced increase in
phosphorylated Tau amount [94 * 16.3% (dexmedetomidine plus sevoflurane) versus 240 + 67.8%
(vehicle plus sevoflurane), £< 0.001; 125 + 13.5% (clonidine plus sevoflurane) versus 355 +
57.6% (vehicle plus sevoflurane), < 0.001; mean * standard deviation], sevoflurane-induced
reduction in postsynaptic density-95 [82 + 6.6% (dexmedetomidine plus sevoflurane) versus 31 +
12.4% (vehicle plus sevoflurane), £< 0.001; 95 * 6.4% (clonidine plus sevoflurane) versus 62 +
18.4% (vehicle plus sevoflurane), £< 0.001], and cognitive impairment in the young mice.
Interestingly, yohimbine reversed the effects of dexmedetomidine and clonidine on attenuating the
sevoflurane-induced changes in phosphorylated Tau, postsynaptic density-95 and cognitive
function.

Conclusion: Dexmedetomidine and clonidine could inhibit the sevoflurane-induced Tau
phosphorylation and cognitive impairment via activation of alpha-2 adrenergic receptor. More
studies are needed to confirm the results and to determine the clinical relevance of these findings.

Keywords

Anesthesia; dexmedetomidine; clonidine; Tau protein; synapse; cognition; PSD-95; alpha-2
adrenergic receptor

Introduction

In preclinical studies, anesthetics cause cell death, impair neurogenesis, and inhibit synapse
formation in the brain tissues of young mice via impaired neurotrophin signaling,
mitochondrial dysfunction, neuroinflammation, and interneuron phenotype changes.
(reviewed in1) Tau, a microtubule-associated protein that is predominantly expressed inside
neurons, is associated with microtubule assembly and function.2:3 Tau phosphorylation,
aggregation, and spread®~7 underlie the neuropathogenesis of neurodegenerative diseases,
including Alzheimer’s Disease. The inhalational anesthetic sevoflurane causes Tau
phosphorylation in the hippocampus of five- to six-month-old mice8, while the intravenous
anesthetics propofol® and dexmedetomidine!® induce Tau phosphorylation in the
hippocampus and cortex of adult mice and in SH-SY5Y cells. Anesthesia with 3%
sevoflurane two hours daily for three days at postnatal days 6, 7, and 8 or postnatal days 6, 8
and 10 in mice induces Tau phosphorylation in the hippocampus and cognitive impairment
in the young mice.11-13,

However, the underlying mechanisms through which sevoflurane induces Tau
phosphorylation and cognitive impairment in young mice remain to be determined.
Specifically, the involvement of alpha-2 adrenergic receptor in the sevoflurane-induced
effects in young mice remains unknown. Moreover, whether anesthetic dexmedetomidine
can mitigate the sevoflurane-induced Tau phosphorylation and cognitive impairment in
young mice has not been determined.

Dexmedetomidine, a highly selective alpha-2 adrenergic receptor agonist, causes sedative
effects by binding to alpha-2 adrenergic receptors in the locus coeruleusl4 and is
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increasingly used in operating rooms and intensive care units.1> Dexmedetomidine decreases
delirium in patients,16-19 although different reports also exist.20

Dexmedetomidine has been reported to induce Tau phosphorylation1%21 and apoptosis?? in
rodents. However, dexmedetomidine could also attenuate neuroinflammation and cognitive
impairment in adult mice induced by high molecular group box 1 protein (HMGB1) and
surgery,23 mitigate autophagy in the hippocampus of offspring mice induced by sevoflurane
in pregnant mice,?* and prevent propofol-induced apoptosis and cognitive impairment in
neonatal rats?°.

Therefore, the primary objective of the current study was to determine whether anesthetic
dexmedetomidine can attenuate the sevoflurane-induced Tau phosphorylation and cognitive
impairment in young mice. The another objective was to assess the role of alpha-2
adrenergic receptor in the sevoflurane-induced effects in young mice by employing the
alpha-2 adrenergic receptor agonists dexmedetomidinel4 and clonidine,26 and the alpha-2
adrenergic receptor antagonist yohimbine.2”

We hypothesized that activation of the alpha-2 adrenergic receptor by dexmedetomidine and
clonidine would attenuate sevoflurane-induced Tau phosphorylation and cognitive
impairment while yohimbine would reverse the attenuation effects of dexmedetomidine and
clonidine. These data would implicate that alpha-2 adrenergic receptors are one of the
underlying mechanisms of anesthesia-induced Tau phosphorylation and demonstrate
potential for targeted interventions for treating and preventing perioperative neurocognitive
disorder in young patients.

Materials and Methods

Mice

All experimental procedures involving mice were approved by the Standing Committee on
Animals at Massachusetts General Hospital, Boston, Massachusetts (Protocol number:
2006N000219) and conformed to National Institutes of Health (Bethesda, Maryland)
guidelines. This manuscript was written according to applicable ARRIVE guidelines. Efforts
were made to minimize the number of mice used in the studies. Adult mice (C57BL/6J)
were purchased from Jackson Laboratory (Jackson Laboratory, Bar Harbor, ME). Mice were
housed in the Massachusetts General Hospital animal facility. All mice were fed with
standard rodent food and water and were housed (five mice per cage) in a controlled
environment at 37 ° C with 12-hour light/dark cycles (lights on from 07:00 t019:00). The
day of birth was designated as postnatal day zero (P0O). The young mice were randomly
allocated to different groups. Each group included a similar number of female and male
mice. We randomly assigned mice to 10 groups: 1. control plus vehicle; 2. control plus
dexmedetomidine; 3. control plus clonidine; 4. control plus yohimbine plus
dexmedetomidine; 5. control plus yohimbine plus clonidine; 6. sevoflurane plus vehicle; 7.
sevoflurane plus dexmedetomidine; 8. sevoflurane plus clonidine; 9. sevoflurane plus
yohimbine plus dexmedetomidine; 10. sevoflurane plus yohimbine plus clonidine. Mice did
not experience unexpected lethality and were euthanized according to institutional animal
care and committee guidelines.
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Anesthesia and treatment

Given the clinical observation that multiple exposures (e.g., three times) of anesthesia and
surgery to children are associated with the increased risk of development of perioperative
neurocognitive disorder, we treated the young mice with three times of sevoflurane to
conceptually mimic the multiple exposures of anesthesia and surgery in children but also
determine the role of anesthesia without surgery in the observed neurocognitive disorder in
young mice as performed in our previous studies.11-13.28 Specifically, we anesthetized
young mice with 3% sevoflurane plus 40% oxygen for 2 hours at postnatal days (P) 6, P9,
and P12, which did not cause apparent changes in the values of pH, PO, and PCO, in the
mice (Supplemental Table 1). Control mice received 40% oxygen at an identical flow rate in
similar chambers and were separated from their mother as in our previous studies.11:28 We
continuously monitored the concentrations of sevoflurane and oxygen using a gas analyzer
(Dash 4000; GE Healthcare, Milwaukee, WI) during sevoflurane anesthesia. The anesthesia
chamber temperature was monitored and controlled by a feedback-based system with a DC
Temperature Control System (World precision instruments, Inc Sarasota, FL), which
controls and automatically adjusts the temperature to keep rectal temperature at 37 °C (0.5
°C) via a warming pad placed under the chamber. Dexmedetomidine (10 pg/kg, Product
number; SML0956, Sigma, St. Louis, MO), clonidine (1 mg/kg, Product number: C7897,
Sigma) or vehicle (saline) was injected intraperitoneally 30 minutes before sevoflurane
anesthesia. Yohimbine (1 mg/kg, Product number: Y3125, Sigma) was injected
intraperitoneally 10 minutes before the administration of dexmedetomidine or clonidine. We
chose these doses of dexmedetomidine,?® clonidine3%, and yohimbine?? based on reported
effectiveness in activating or inhibiting the alpha-2 adrenergic receptor. Mice were
decapitated for the harvest of the hippocampi immediately after the end of the control
condition or sevoflurane anesthesia at postnatal day 12 for the measurement of Tau and
phosphorylated Tau, and at postnatal day 37 for the measurement of PSD-95. We measured
Tau phosphorylation at day 12 (end of the 3" anesthesia) to determine the acute effects of
sevoflurane on Tau phosphorylation as we did in the previous studies'!. We measured the
amount of postsynaptic density-95 (PSD-95) in the hippocampi of mice at P37 because
sevoflurane induced cognitive impairment in the mice at P37. A separate cohort of mice
were used for the New Object Recognition Test (NOR) and Morris Water Maze (MWM)
test.

New Object Recognition Test (NOR)

The NOR was performed on postnatal day 29 and 30. In the first trial, a mouse was placed in
a square arena (60 cm x 60 cm x 60 cm, with an even lighting of 20 lux) to habituate for 5
minutes. We used a black container to cover the mouse. Two identical objects (same shape
and color) were placed in opposite corners of the upper half of the area and the mouse was
then released from the container. We recorded mouse activity and the time spent interacting
with the object for 10 minutes. We repeated the first trial 24 hours later, but one of the
objects was replaced with a novel object (different shape and color). The interaction time
with the novel object (novel time) and familial object (familiar time) was recorded
separately. The discrimination index was defined as the ratio of novel time to the novel time
plus familial time, which indicated new object recognition ability.
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Morris Water Maze (MWM)

The MWM test was performed as described previously.11:28 In brief, postnatal day 31 mice
were tested in the MWM in four trials per day for 7 days (postnatal day 31 to 37). Escape
latency was recorded each day. We maintained mouse body temperature using a heating
device as described in our previous studies.28 After every trial, each mouse was placed in a
holding cage under a heat lamp for 5 minutes to dry the body before the mouse was returned
to its home cage.

Brain tissue harvest, lysis, and protein quantification

Mice were decapitated on postnatal day 12 or day 37, and we harvested the hippocampi for
western blot analysis. We homogenized harvested tissues on ice using an
immunoprecipitation buffer (M-PER® Mammalian Protein Extraction Reagent, Cat# 78501,
Thermo Scientific, Waltham, MA) plus protease inhibitor cocktail (Sigma; Cat#
11836170001). The lysates were collected and centrifuged at 4°C for 20 minutes at 12,000
rpm. The total amounts of protein were quantified by bicinchoninic acid protein assay kit
(Pierce, Iselin, NJ).

Western blot analysis

Total Tau was detected by anti-Tau 46 antibody (Cat # T9450, 55 kDa, 1:2000, Sigma). AT8
antibody (Tau-PS202/PT205, Cat # MN1020, 55 kDa, 1:500, Thermo Scientific, Waltham,
MA) was used to detect Tau phosphorylated at serine 202 and threonine 205 amino acid.
PSD-95 antibody (95 kDa, Cat # GB11277, 1:1,000; Cell Signaling, Billerica, MA) was
used to detect amount of PSD-95. Finally, anti-p-Actin antibody was used to detect
nontargeted protein p-Actin (42 kDa, 1:5000, Sigma, St. Louis, MO) serving as a control for
loading differences in total protein. Western blot quantification was performed using the
standard methods as described by Xie et al3L. Signal intensity was analyzed using the image
analysis program Quantity One (Bio-Rad, Hercules, CA). We quantified western blots in two
steps. First, we used B-Actin to normalize protein amounts (e.g., determining the ratio of Tau
to B-Actin) and to decrease the influence of the differences in the protein amounts loaded.
Second, we presented the changes in protein amount in the experimental group as a
percentage of those in the control group; 100% of changes refers to the amounts of control
condition for comparison to experimental conditions.

Statistical analyses

We present data obtained from the western blot, escape latency of MWW and NOR studies
as mean + standard deviation. Data from the platform crossing times of MWM are presented
using median and interquartile range. Interaction between time and group factors was
determined by a two-way ANOVA with repeated measurements (Greenhouse-Geisser
correction) to analyze the difference in learning curves (based on escape latency) between
mice in the control or vehicle group and mice in the sevoflurane anesthesia,
dexmedetomidine, or clonidine with and without yohimbine group in the MWM
experiments. A one-way ANOVA with Bonferroni’s multiple comparison test was used to
determine the differences among groups in terms of total Tau, Tau-PS202/PT205 and
PSD-95 amounts. Mann-Whitney U test was used to determine the difference between mice
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in the control or vehicle groups and mice in the sevoflurane anesthesia, dexmedetomidine, or
clonidine with and without yohimbine treatment in terms of platform crossing numbers in
MWM, and the ratio of novel time to the novel time plus familiar time. We performed these
tests based on the distributional assumptions from our previous similar work. There were no
missing data for the variables of the MWM (escape latency and platform crossing number)
and NOR during the data analysis. P-values less than 0.05 were considered statistically
significant and the significance testing was two-tailed. Statistical analysis was conducted
using GraphPad Prism software (version 8.0; GraphPad Software, La Jolla, CA). There were
12 mice in each group for the behavioral studies and six mice in each group for the western
blot study. The sample size was chosen empirically based on the previous studies.28

Dexmedetomidine or clonidine mitigates sevoflurane-induced Tau phosphorylation and
sevoflurane-induced reduction of PSD-95 in the hippocampi of young mice.

Treatment with dexmedetomidine alone did not apparently alter the amount of Tau-PS202/
Tau-PT205 in the hippocampi of young mice; however, sevoflurane increased the amount of
Tau-PS202/Tau-PT205 compared to control. Dexmedetomidine mitigated the sevoflurane-
induced increases in Tau-PS202/Tau-PT205, as evidenced by less visibilities of bands
representing the amounts of Tau-PS202/Tau-PT205 following sevoflurane plus
dexmedetomidine treatment. There were no significant differences in g-Actin in the
hippocampi of young mice among different conditions (Figure 1A). Quantification of the
western blot corroborated these observations (Figure 1B). One-way ANOVA demonstrated
that there was significant difference on the amounts of Tau-PS202/Tau-PT205 in the
hippocampi of young mice (P < 0.001, Figure 1B), and dexmedetomidine mitigated the
sevoflurane-induced increases in Tau-PS202/Tau-PT205: 109 + 25.1% versus 266 + 53.4%,
P < 0.001 (Bonferroni’s multiple comparison test). Quantitative western blot analysis
showed that there were no significant differences in Tau among the four conditions (P =
0.383, Figure 1C and 1D) and that dexmedetomidine mitigated the sevoflurane-induced
increases in the ratio of Tau-PS202/Tau-PT205 to total Tau amounts in the hippocampi of
young mice: 94 + 16.3% versus 240 + 67.8% (P < 0.001, Figure 1E).

Dexmedetomidine alone did not significantly alter PSD-95 amounts in the hippocampi of
young mice. However, sevoflurane decreased PSD-95 amounts compared to control.
Dexmedetomidine treatment mitigated the sevoflurane-induced decrease in PSD-95 (Figure
1F). Quantification of the western blot corroborated these observations that
dexmedetomidine mitigated the sevoflurane-induced decrease in PSD-95 amount: 32 +
12.4% versus 82 + 6.6% (P = 0.003, Figure 1F).

To further determine the involvement of the alpha-2 adrenergic receptor in sevoflurane-
induced Tau phosphorylation, we tested whether clonidine, another alpha-2 adrenergic
receptor agonist, could mitigate sevoflurane-induced Tau phosphorylation and reduce
PSD-95 in the hippocampi of young mice. Quantitative western blot showed that clonidine
treatment attenuated the sevoflurane-induced increases in Tau-PS202/Tau-PT205: 304 +
43.1% versus 107 £+ 7.5% (P < 0.001, one-way ANOVA with Bonferroni’s multiple
comparison test, Figure 2A and 2B). There were no significant differences in total Tau or p-

Anesth Analg. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sunetal.

Page 7

Actin in the hippocampi of young mice among the different conditions (Figure 2C and 2D).
Clonidine mitigated sevoflurane-induced increases in the ratio of Tau-PS202/Tau-PT205 to
total Tau: 355 + 57.6% versus 125 + 13.5%, £< 0.001 (Figure 2E). Quantitative western blot
(Figure 2F and 2G) also showed that sevoflurane anesthesia decreased PSD-95. Clonidine
mitigated the sevoflurane-induced decreases in PSD-95: 95 + 6.4% versus 62 + 18.4%, P<
0.001 (Figure 2G).

Yohimbine inhibits the protective effects of dexmedetomidine or clonidine.

Sevoflurane plus vehicle or sevoflurane plus yohimbine plus dexmedetomidine induced Tau
phosphorylation (Figure 3A and 3B). There were no significant differences in total Tau
amounts in the hippocampi of the mice following these treatments (Figure 3C and 3D). Both
sevoflurane plus vehicle and sevoflurane plus yohimbine plus dexmedetomidine increased
the ratio of Tau-PS202/Tau-PT205 to total Tau in the hippocampi of young mice compared
to control plus vehicle or control plus yohimbine plus dexmedetomidine (P < 0.001, one-
way ANOVA, Figure 3E). Quantitative western blot showed that both sevoflurane plus
vehicle and sevoflurane plus yohimbine plus dexmedetomidine decreased PSD-95 in the
hippocampi of mice compared to control plus vehicle or control plus yohimbine plus
dexmedetomidine (P < 0.001, one-way ANOVA, Figure 3F and 3G).

Similarly, both sevoflurane plus vehicle and sevoflurane plus yohimbine plus clonidine
increased Tau-PS202/Tau-PT205 amount (Figure 4A and 4B) but did not change the amount
of total Tau (Figure 4C and 4D), increased the ratio of Tau-PS202/Tau-PT205 to total Tau
(Figure 4E), and decreased PSD-95 amount (Figure 4F and 4G) in the hippocampi of mice
compared to control plus vehicle or control plus yohimbine plus clonidine.

Dexmedetomidine and clonidine attenuate sevoflurane-induced cognitive impairment in

young mice.

There was no significant interaction of treatment (vehicle versus dexmedetomidine) and time
(day 31 to day 37), and dexmedetomidine did not significantly alter the escape latency of the
young mice in the MWM test compared to vehicle (Figure 5A). Moreover, dexmedetomidine
did not significantly change the platform crossing number of the young mice in the MWM
test compared to vehicle (Figure 5B).

Sevoflurane did not significantly alter the escape latency of mice in the MWM (Figure 5C),
but sevoflurane decreased the platform crossing number of the young mice in the MWM test
compared to control condition (£ = 0.018, Mann-Whitney U test, Figure 5D). However,
sevoflurane anesthesia did not cause cognitive impairment in the mice that received pre-
treatment with dexmedetomidine (Figure 5E and 5F). Consistently, sevoflurane anesthesia
induced cognitive impairment in the mice in the NOR as evidenced by the decreased ratio of
novel time to the novel plus familiar time in young mice following sevoflurane anesthesia
compared to control (Figure 5H). Whereas dexmedetomidine alone did not cause cognitive
impairment in the mice (Figure 5G), dexmedetomidine attenuated the sevoflurane-induced
cognitive impairment in the young mice in the NOR (Figure 51). Similarly, clonidine
attenuated the sevoflurane-induced cognitive impairment indicated by both the MWM test
(Figure 6A to 6D) and the NOR (Figure 6E and 6F).
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Yohimbine inhibits the protective effects of dexmedetomidine or clonidine on sevoflurane-
induced cognitive impairment in young mice.

There was no interaction of treatment (control plus vehicle versus control plus yohimbine
plus dexmedetomidine) and time (P31 to P37) on the escape latency of mice in the MWM
test (Supplemental Figure 1A), and there was no significant difference in the platform
crossing number of the young mice following the treatment of control plus vehicle or control
plus yohimbine plus dexmedetomidine (Supplemental Figure 1B). Sevoflurane did not
significantly change the escape latency of MWM of the young mice that received yohimbine
plus dexmedetomidine (Supplemental Figure 1C). However, mice that received yohimbine
plus dexmedetomidine as pretreatment experienced cognitive impairment following
sevoflurane anesthesia as evidenced by decreased platform crossing number (£= 0.027,
Mann-Whitney U test, Supplemental Figure 1D). Yohimbine plus dexmedetomidine did not
significantly change the ratio of novel time to novel plus familiar time compared to vehicle
(Supplemental Figure 1E). On the other hand, sevoflurane anesthesia caused cognitive
impairment as evidenced by the decreased ratio of novel time to novel plus familiar time
compared to control (Supplemental Figure 1F). Consistently, yohimbine reversed the effects
of clonidine on attenuating the sevoflurane-induced cognitive impairment indicated in both
the MWM test (Supplemental Figure 2A to 2D) and NOR (Supplemental Figure 2E and 2F).

Discussion

In this proof of concept study, we determined that the alpha-2 adrenergic receptor
contributes to the development of anesthesia-induced Tau phosphorylation in young mice
and that activation of alpha-2 adrenergic receptor can attenuate sevoflurane-induced Tau
phosphorylation and neurocognitive impairment in young mice. These findings have
established a system and revealed that alpha-2 adrenergic receptor could be one of the up-
stream mechanisms by which sevoflurane induces Tau phosphorylation and cognitive
impairment in young mice. Moreover, anesthetic dexmedetomidine may mitigate the
sevoflurane-induced Tau phosphorylation and cognitive impairment in young mice, pending
more confirmative studies.

Specifically, the alpha-2 adrenergic receptor agonists dexmedetomidine (Figure 1) and
clonidine (Figure 2) attenuated the sevoflurane-induced Tau phosphorylation and
sevoflurane-induced reduction in PSD-95 amount in the hippocampi of young mice at the
end of three sevoflurane anesthesia exposure periods on postnatal day 12 or on postnatal day
37, respectively. Importantly, the alpha-2 adrenergic receptor antagonist yohimbine
mitigated the protective effects of dexmedetomidine (Figure 3) and clonidine (Figure 4) on
sevoflurane-induced Tau phosphorylation and reduction in PSD-95. Moreover,
dexmedetomidine (Figure 5) and clonidine (Figure 6) attenuated the sevoflurane-induced
cognitive impairment in the young mice tested at postnatal days 29 to 30 (NOR) and
postnatal days 31 to 37 (MWM) while yohimbine reversed the protective effects of
dexmedetomidine (Supplemental Figure 1) and clonidine (Supplemental Figure 2). These
data indicate that activation of the alpha-2 adrenergic receptor mitigated the sevoflurane-
induced Tau phosphorylation and cognitive impairment in young mice. Furthermore,
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anesthetic dexmedetomidine attenuated the development of anesthesia-induced Tau
phosphorylation and cognitive impairment.

Whittington et al. reported that a single administration (300 ug/kg) of dexmedetomidine
induced Tau phosphorylation in the hippocampi of 8 to 10 week old wild type mice and in 3
month old transgenic mice overexpressing human Tau on a murine Tau knockout
background.10 This treatment also caused cognitive impairment in mice along with the
inhibition of ERK, JNK, CaMKII, and GSK-3p in the brain.19 However, in the present study,
treatment with 10 pg/kg dexmedetomidine did not induce Tau phosphorylation. Moreover,
dexmedetomidine treatment attenuated the sevoflurane-induced Tau phosphorylation,
synaptic loss and cognitive impairment observed in the young mice. Important differences
between the two studies are: (1) the age of mice (8 to 10 weeks versus postnatal day 6 to
12); (2) single treatment with 300 ug/kg of dexmedetomidine versus three treatments of
dexmedetomidine with 10 ug/kg; and (3) measurement of Tau-PS202/Tau-PT205 at 30
minutes and 6 hours after the administration of dexmedetomidine versus measurement of
Tau-PS202/Tau-PT205 at the end of the last anesthesia on postnatal day 12, which was 6
days after the first administration of dexmedetomidine. Note that escalating the cumulative
dose of dexmedetomidine, e.g., 125 and 250 ug, but not 50 ug, induced apoptosis22.

Interestingly, Whittington et al. also indicated that the alpha-2 adrenergic receptor antagonist
atipamezole blocked dexmedetomidine-induced Tau phosphorylation in the brain tissues of
mice. In the present study, we found that the alpha-2 adrenergic receptor antagonist
yohimbine reversed the effects of dexmedetomidine and clonidine on mitigating sevoflurane-
induced Tau phosphorylation and synaptic loss in the hippocampi of young mice, along with
cognitive impairment. These findings demonstrate that different doses of dexmedetomidine
in different ages of mice could have different effects on Tau phosphorylation and cognitive
function. Moreover, the effects of dexmedetomidine on Tau phosphorylation, either
attenuation or induction, were likely through its action on the alpha-2 adrenergic receptor.
Future studies should systematically assess whether different dosages of dexmedetomidine
might have different effects on Tau phosphorylation, synaptic loss and other effects in
rodents of varying ages.

Another study by Hu et al. indicated that a single treatment with 50 ug/kg dexmedetomidine
attenuated neuroinflammation and cognitive impairment in adult mice (12 to 14 weeks old)
induced by HMGBL1 protein and surgery23. These data further indicate that a low dose of
dexmedetomidine could have neuroprotective effects. This is supported by our finding that
10 ug/kg dexmedetomidine attenuated the sevoflurane-induced Tau phosphorylation,
synaptic loss and cognitive impairment in young mice. Hu et al. demonstrated that
dexmedetomidine inhibited HMGB1-induced inflammation through an imidazoline- and a.7-
nicotinic acetylcholine receptor—dependent mechanism, but not an alpha-2 adrenergic
receptor-dependent mechanism.23 Therefore, future studies should determine whether
dexmedetomidine can act on a—7 nicotinic acetylcholine receptor to attenuate sevoflurane-
induced Tau phosphorylation, synaptic loss and cognitive impairment.

Our study has several limitations. First, we determined the effects of sevoflurane,
dexmedetomidine, clonidine, and yohimbine on a group of mixed sex mice, so it is unknown

Anesth Analg. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sunetal.

Page 10

whether these effects are different between females and males. Second, we used Tau-PS202/
Tau-PT205 to determine the role of the alpha-2 adrenergic receptor on sevoflurane-induced
Tau phosphorylation based on our previous studies.1! It is possible that dexmedetomidine
and clonidine could have different effects on sevoflurane-induced Tau phosphorylation at
different sites, e.g., Tau-PS262. Further study of the interaction between dexmedetomidine,
clonidine, yohimbine, and sevoflurane is necessary to determine their effect on different sites
of Tau phosphorylation.

In conclusion, the alpha-2 adrenergic receptor agonists dexmedetomidine and clonidine
attenuated the sevoflurane-induced Tau phosphorylation and synaptic loss in the hippocampi
of young mice along with sevoflurane-induced cognitive impairment. Moreover, the alpha-2
adrenergic receptor antagonist yohimbine reversed the protective effects of
dexmedetomidine and clonidine. These findings indicate that the alpha-2 adrenergic receptor
may contribute to the development of sevoflurane-induced Tau phosphorylation and synaptic
loss. Dexmedetomidine could be used to prevent or treat the anesthesia-induced cognitive
impairment in young mice. These findings support a need to determine the clinical relevance
of these pre-clinical findings.
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Glossary
HMGB1 High molecular group box 1 protein
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P postnatal day
PSD Postsynaptic density
Tau-PS202 Tau phosphorylated at serine-202
Tau-PT205 Tau phosphorylated at threonine 205
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2. Findings: Alpha-2 adrenergic receptor agonist dexmedetomidine and

3. M eaning: These findings suggest that alpha-2 adrenergic receptor may

Key points summary

1 Question: What are the interventions of anesthesia-induced cognitive
impairment in young mice ?

clonidine mitigated the sevoflurane-induced Tau phosphorylation, synaptic
loss and cognitive impairment in young mice.

contribute, at least partially, to the sevoflurane-induced Tau phosphorylation
and cognitive impairment in young mice, and alpha-2 adrenergic receptor
agonist dexmedetomidine and clonidine may mitigate the effects of
sevoflurane in young mice.
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Figure 1. Dexmedetomidine attenuates sevoflurane-induced Tau phosphorylation and
sevoflurane-induced reduction in PSD-95 in the hippocampi of young mice.

A. Tau-PS202/Tau-PT205 protein in the hippocampi of young mice after sevoflurane and
dexmedetomidine treatment. B. Quantification of western blot in A. C. Total Tau protein
after various treatments. D. Quantification of western blot in C. E. Quantification of the
western blots in A and C presented as the ratio of Tau-PS202/Tau-PT205 to total Tau. F.
PSD-95 in the hippocampi of young mice at P37 after dexmedetomidine and sevoflurane. G.
Quantification of the western blot shown in F. There were no significant differences in p-
Actin amounts among these treatments. P, postnatal; PSD, postsynaptic density; Tau-PS202,
Tau phosphorylated at serine-202; Tau-PT205, Tau phosphorylated at threonine 205. A one-
way ANOVA with Bonferroni’s multiple comparison test was used to analyze the data. N =

6 in each group.
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Figure 2. Clonidine attenuates sevoflurane-induced Tau phosphorylation and sevoflurane-
induced reduction in PSD-95 in the hippocampi of young mice.

A. Tau-PS202/Tau-PT205 in the hippocampi of the young mice after clonidine and
sevoflurane treatments. B. Quantification of the western blot in A. There were no significant
changes of total Tau amounts in the different conditions (C and D). E. Quantification of the
western blots in A and C presented as the ratio of Tau-PS202/Tau-PT205 to total Tau. F.
PSD-95 in the hippocampi of young mice compared to control at P37 under sevoflurane and
clonidine treatment. G. Quantification of the western blot in F. There were no significant
differences in the p-Actin amounts among treatments. P, postnatal; PSD, postsynaptic
density; Tau-PS202, phosphorylated at serine-202; Tau-PT205, Tau phosphorylated at
threonine 205. A one-way ANOVA with Bonferroni’s multiple comparison test was used to

analyze the data. N = 6 in each group.
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Figure 3. Yohimbine inhibits the protective effects of dexmedetomidine on attenuating

sevoflurane-induced Tau phosphorylation and reduction in PSD-95 in the hippocampi of young
mice.

A. Tau-PS202/Tau-PT205 in the hippocampi of young mice under various treatment
conditions. B. Quantification of the western blot in A. There were no significant changes in
total Tau among the different conditions (C and D). E. Quantification of the western blots in
A and C presented as the ratio of Tau-PS202/Tau-PT205 to total Tau in the hippocampi of
young mice. F. PSD-95 in the hippocampi of young mice under various treatment
conditions. G. Quantification of the western blot in F. There were no significant differences
in the B-Actin amounts in the hippocampi of the young mice among the different conditions.
P, postnatal; PSD, postsynaptic density, Tau-PS202, Tau phosphorylated at serine-202; Tau-
PT205, Tau phosphorylated at threonine 205. A one-way ANOVA with Bonferroni’s
multiple comparison test was used to analyze the data. N = 6 in each group.
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Figure 4. Yohimbine inhibits the protective effect of clonidine on attenuating sevoflurane-
induced Tau phosphorylation and sevoflurane-induced reduction of PSD-95 in the hippocampi of
young mice.

A. Tau-PS202/Tau-PT205 in the hippocampi of young mice after various treatments. B.

Quantification of the western blot in A. There were no significant changes in total Tau in the
different conditions (C and D). E. Quantification of the western blots in A and C presented
as the ratio of Tau-PS202/Tau-PT205 to total Tau in the hippocampi of young mice. F.
PSD-95 in the hippocampi of young mice under various treatment conditions. G.
Quantification of the western blot in F. There were no significant differences in the p-Actin
amounts in the hippocampi of the young mice among the different conditions. P, postnatal;
PSD, postsynaptic density; Tau-PS202, Tau phosphorylated at serine-202; Tau-PT205, Tau
phosphorylated at threonine 205. A one-way ANOVA with Bonferroni’s multiple
comparison test was used to analyze the data. N = 6 in each group.
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Figure 5. Dexmedetomidine mitigates sevoflurane-induced cognitive impairment in young mice.
Escape latency (A) and platform crossing number (B) of the young mice in the MWM test

after dexmedetomidine or vehicle. Escape latency (C) and platform crossing number (D) in
the MWM test after sevoflurane or vehicle. Escape latency (E) and platform crossing
number (F) in the MWM after pretreatment with dexmedetomidine followed by sevoflurane
G. Ratio of the exploring novel object time to the total object time of the NOR test in young
mice treated with dexmedetomidine or control. H. Ratio of exploring novel object time to
the total object time in NOR test in mice treated with sevoflurane compared to control
condition. |. Ratio of exploring novel object time to the total object time in the NOR test
compared to control in the young mice pretreated with dexmedetomidine and then
sevoflurane. NOR, New Object Recognition Test; MWM; Morris Water Maze; P, postnatal.
A two-way ANOVA and Mann-Whitney U test were used to analyze the data. N = 12 in each

group.
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Figure 6. Clonidine mitigates sevoflurane-induced cognitive impairment in young mice.
Escape latency (A) and platform crossing number (B) of young mice on the MWM test

compared to vehicle after clonidine treatment. Escape latency (C) and platform crossing
number (D) on the MWM test after pretreatment with clonidine followed by sevoflurane
treatment. E. Ratio of exploring novel object time to the total object time on the NOR test
compared to vehicle after clonidine treatment. F. Ratio of exploring novel object time to the
total object time on the NOR test compared to control in young mice pretreated with
clonidine followed by sevoflurane. NOR, New Object Recognition Test; MWM; Morris
Water Maze; P, postnatal. A two-way ANOVA and Mann-Whitney U test were used to

analyze the data. N = 12 in each group.
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