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Dose response of dexmedetomidine-induced
resistance to hypoxia in mice
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Abstract. Tolerance to hypoxia can be induced by reducing
oxygen consumption. Dexmedetomidine (DEX) decreases
locomotor activity and induces bradycardia and hypothermia
in mice. The present study examined the hypothesis that DEX
improves hypoxia tolerance in mice. Adult mice received an
intraperitoneal injection of 1, 5, 10, 20, 40, 80, 160 or 320 ug/kg
DEX, 20 mg/kg propranolol or saline. Acute hypoxic condi-
tions were induced by placing the mice in a limited enclosed
container with soda lime. Core body temperature (CBT) and
heart rate (HR) were measured prior to and 30 min after drug
administration. Survival time was monitored in the sealed
container. Survival times (mean + standard deviation) of mice
in the saline, 1, 5, 10, 20, 40, 80, 160 and 320 ug/kg DEX,
and the 20 mg/kg propranolol groups were 22.4+1.1,23.4+1.1,
26.0+£0.9, 36.9+5.2, 42.4+2.9, 43.2+2 .3, 58.2+4.2, 80.5+4.0,
79.2+6.0, and 38.2+2.8 min, respectively. Pretreatment with
propranolol and 10, 20, 40, 80, 160 or 320 pug/kg DEX, but not
1 or 5 pg/kg, significantly prolonged survival time compared
with saline-injected mice (P<0.05 or P<0.01). CBT and HR
decreased in a similar manner. The correlation coefficients
between survival time and CBT, and survival time and HR
were -0.802 and -0.726, respectively. Thus, DEX dose-depend-
ently enhances hypoxia tolerance in mice. In conclusion, it is
suggested that DEX may be used in clinical practice as a novel
protective agent for organs and tissues during hypoxic injury.

Introduction
Oxygen metabolism is a fundamental requirement for life.

However, hypoxia is one of the most common causes of injury,
leading to morbidity and mortality in various pathological
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conditions, including anesthetic accidents, shock, myocardial
infarction, stroke, drowning, sleep apnea and acute respira-
tory distress syndrome. Hypoxia results in decreased aerobic
energy production and increased production of damaging
free radicals that can lead to cell injury and death. Thus,
hypoxia is a clinically important issue. Tolerance to hypoxia
is inherited in some species, such as estivating and hibernating
animals, and enables survival for long periods even under
pure nitrogen/no oxygen conditions. Species that estivate
or hibernate enter steady-state torpor and are not hypoxic
despite tenfold or greater decreases in heart and respiratory
rates, accompanied by hypothermia (1,2). A hypometabolic
state is central to hypoxia tolerance and is characterized by
reduced oxygen consumption (3). Notably, certain toxic gases,
including hydrogen disulfide (4) and carbon monoxide (5),
can induce a suspended animation-like state and significantly
enhance tolerance to hypoxia in mice and Caenorhab-
ditis elegans, respectively. Previous studies have reported
that several small molecules, such as sevoflurane (6,7) and
magnesium sulfate (8), boost hypoxia/ischemic tolerance in
the brain. However, these agents have limited use due to their
controversial neurotoxicity (9) and cardiodepressive effects at
high serum concentrations (10).

Dexmedetomidine (DEX) is a highly selective o, adreno-
receptor agonist that is widely used as an anesthetic adjuvant,
primarily for sedation, anxiolysis, sympatholysis, and anal-
gesia (11). Increasing evidence suggests that DEX protects
against ischemia-reperfusion injury, including neuroprotec-
tion (12-14), cardioprotection (15,16), renoprotection (17,18),
and intestinal protection (19,20). Notably, DEX has also
been previously demonstrated to markedly reduce locomotor
activity, heart rate (HR), respiratory rate, and core body
temperature (CBT) in mice (21,22), which appear to be in a
suspended animation-like state following DEX administra-
tion. However, whether DEX improves hypoxia tolerance in
mice remains unknown. The current study aimed to elucidate
the effects of different doses of DEX on the survival time of
mice under acute asphyxiating conditions.

Materials and methods

Animals. A total of 68 male Kunming strain mice (weight,
36+3 g; age, 8-12 weeks) were used. All animals were
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housed under a 12-h light-dark cycle in a temperature and
humidity-controlled environment with unlimited access to
water and food.

This study was approved by the ethics committee of The
First Affiliated Hospital, Sun Yat-sen University (Guangzhou,
China) and was performed in according to the National Insti-
tutes of Health guidelines for use of experimental animals.
The experiments were conducted between 10:00 and 17:30 h.
The minimum number of animals was used in each experi-
ment and all efforts were made to minimize animal suffering.

Experimental groups and procedures. The mice were randomly
allocated into 10 groups following a 7-day acclimation, with
each group contained 6-7 mice/group. The groups received a
single dose of 1, 5, 10, 20, 40, 80, 160 or 320 ug/kg DEX-HCI
(Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, China), 20 mg/kg
propranolol-HCI (Sigma-Aldrich, St. Louis, MO, USA) as a
positive control or 0.9% saline by intraperitoneal injection.

Weight, CBT, and HR of the mice were measured prior to
injection of the drugs or saline. CBT and HR were rerecorded
30 min after the injections, and survival time measurement
was initiated.

CBT measurement. CBTs were recorded using a rectal probe
connected to a digital thermometer. The probe was inserted
2 cm inside the anal sphincter and the CBT of each animal
was recorded twice, immediately before and 30 min after the
drug administration.

Heart rate measurement. HRs were measured noninvasively
with a tail-artery sphygmomanometer (Softron Biotechnology
Co., Ltd., Beijing, Chain). The HR of each mouse was recorded
twice, immediately before and 30 min after the drug injections.

Survival time testing. Hypoxic conditions were induced as
previously described by Shen er al (23). Briefly, the mice
were placed into a 250-ml sealed bottle (one mouse/bottle)
containing 15 g soda lime (Mingxiang Biotechnology, Weihai,
China), and survival time was determined as the time of the
last breath as an indication of death.

Statistical analysis. Parametric data are presented as the
means + standard deviation and analyzed by one-way
repeated-measures analysis of variance followed by the least
significant difference test. Survival times were analyzed using
the Kaplan-Meier method and differences between the groups
were identified using the log-rank test. Correlations between
variables were estimated using Pearson's correlation coefficient
analysis. All statistical analyses were performed using SPSS
software (version. 13.0; SPSS Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

DEX dose-dependently reduces HR in mice. The physiological
data collected prior to the experiment are presented in Table I.
No significant differences between body weight, CBT and HR
values were observed among the groups.

The effect of propranolol and the different doses of DEX
on hemodynamics are demonstrated in Fig. 1. The lower DEX

Table I. Physiological values of experimental mice.

DEX

1 ug/kg 5 ug/kg 10 ug/kg 20 ug/kg 40 ug/kg 80 uglkg 160 pg/kg 320 pg/kg

Propranolol

Saline

Number
Wt (g)

36.9+2.1 36.9+1.1 36.5+1.7 37.0+1.6 37.7+1.6 37.9+1.5 372+2.5 38.6x1.5

75.2+10.3
543.5+52.9

37.6+£2.2

37.1+£1.8

80.3+7.1
548.8+89.6

83.3+8.1
581.5+111.0

88.0+6.0
547.3+£58.0

84.4+6.3
586.8+81.3

81.2+8.2
549.6+66.3

73.2+54

76.5+9.1
531.0+£79.2

75322

81.0+8.3
540.8+574

MAP (mmHg)
HR (bpm)
CBT (°C)

507.0+62.4

521.4+73.1

36.8+0.7 36.9+0.6 36.6+0.5 36.9+0.8 36.4+0.6 36.7+0.8 37.0+£0.7 36.6+0.8

36.7£0.5

36.9+0.8

Values are presented as the mean + standard deviation. All values of Wt, MAP, HR and CBT were similar between the groups (P>0.05). DEX, dexmedetomidine; Wt, weight; MAP, mean arterial pres-

sure; HR, heart rate; CBT, core body temperature; pg/kg.




2] SPANDIDOS
PUBLICATIONS
A
= Control
= Propranolol
6501 o
- DEX 1 pg/kg
5504 *DEX 5 ng/kg
>
£ 450- DEX 10 pg/kg
g *DEX 20 pg/kg
o 3501 #DEX 40 pg/kg
T 250, *DEX 80 ng/kg
»DEX 160 pglkg
1504,
o % 4+ DEX 320 nglkg
Baseline 30 min after

Time points

MOLECULAR MEDICINE REPORTS 14: 3237-3242, 2016

3239

B SR ROIOOION ¢
N O \90* NN Q ,]9
S S S N +""¢
OOQQ‘\O 0 QQ/ Q@ Q@ 2

Changes of HR (bpm)

Figure 1. Effects of various DEX dosages and 20 mg/kg propranolol and saline on HR in mice. (A) HR at baseline and 30 min after the drug injections. No
significant differences were observed among the groups at baseline. The different treatments induced decreases in HR of different magnitudes after 30 min.

(B) Changes of HR following treatment with the different drug and dose.
detomidine; HR, heart rate.
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Figure 2. Effects of various DEX dosages and 20 mg/kg propranolol and saline on CBT in mice. (A) CBT at baseline and 30 min after drug injections. No
significant differences were observed among the groups at baseline. The different treatments induced decreases in CBT of different magnitudes after 30 min.
(B) Changes of in CBT following treatment with the different drugs and doses. Hypothermia induced by DEX was the most obvious at the 160 ug/kg dose
(30.41+1.45°C), which was a decrease of -6.56x1.62°C. "P<0.05, “P<0.01 vs. control group; “P<0.01 vs. 160 ug/kg DEX group. DEX, dexmedetomidine; CBT,

core body temperature.

doses (1 and 5 ug/kg) did not significantly affect HR (-7.0+56.4
and -7.5+28.5 bpm, respectively) compared with the saline
group. However, the higher DEX doses (10, 20, 40, 80, 160 and
320 pug/kg) and 20 mg/kg propranolol significantly reduced the
HR values (342.6+85.1, 288.0+44.9, 247.4+43.5, 209.2+19.1,
168.5+18.0, 221.6+£30.4 and 348.8+36.4 bpm, respectively)
compared with the saline group (P=0.003,0.000, 0.000, 0.000,
0.000, 0.000 and 0.002, respectively). As the DEX dose was
increased further (10, 20, 40, 80 and 160 ug/kg), HR decreased
significantly and reached the minimum level at 160 pg/kg
DEX (-413.0+108 bpm). The HR of mice treated with 320 ug
DEX/kg did not decrease further but was maintained at a low
level (P=0.09) compared with the 160 ug/kg DEX group.

DEX dose-dependently induces hypothermia in mice. The
effect of the different DEX doses and propranolol on the
CBT of the mice is demonstrated in Fig. 2. The CBT was
significantly reduced in the propranolol group (-2.29+1.04°C)

compared with in the saline group (-0.11+0.70°C; P=0.001).
Mice administered with the lower doses of DEX (1 and
5 pg/kg) did exhibit a significant decrease in CBT. Notably,
compared with the control group, CBT was decreased
significantly (P=0.456, P=0.770) in mice treated with =10 ug
DEX/kg. Additionally, CBT was reduced to a minimum of
-6.56+1.62°C following administration of 160 ug DEX/kg.
Then, compared with the 160 pug/kg group, CBT remained at a
low level without a further significant decrease in mice treated
with 320 pg/kg DEX (-5.8+1.44°C; P=0.247).

DEX increases survival time in mice. The effects of DEX,
propranolol and saline on survival time are demonstrated
in Fig. 3. The survival time of mice in the saline group was
22.4+2.6 min. No significant effect on survival time was
observed following administration with the lower DEX doses
(1 pglkg, 23+2.8 min; 5 ug/kg, 26.0+2.3 min; P=0.607)
compared with the saline group. However, treatment with the
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Figure 3. Effects of various DEX dosages and 20 mg/kg propranolol and saline on survival time in mice. (A) Survival curve. Results were compared using
the Kaplan-Meier method and the log-rank test. (B) Survival time is shown in the histogram. Survival time was extended as the DEX dose was increased and
reached a maximum at 160 g DEX/kg. "P<0.05, “P<0.01 vs. control group; “P<0.01 vs. 160 pg/kg DEX group. DEX, dexmedetomidine.
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Figure 4. Correlations between CBT and survival time and HR and survival time in mice. (A) Trends in HR, CBT, and survival time after administration of
different DEX doses. Survival time depended on reductions in CBT and HR; greater decreases in CBT and HR led to longer survival times. (B) The significant
negative correlation (r=-0.802) between survival time and CBT. (C) The significant negative correlation (r=-0.726) between survival time and HR. CBT, core

body temperature; HR, heart rate; DEX, dexmedetomidine.

higher doses of DEX (10,20,40, 80 and 160 ug/kg) significantly
increased survival time in a dose-dependent manner compared
with the control group (P=0.006,0.000,0.000,0.000 and 0.000,
respectively). The maximal extension of survival time was
80.5+9.7 min at 160 yg DEX/kg, which was ~3.6 times that of
the control group (P=0.000). Survival time was not extended
further following administration of 320 ug/kg DEX (79.2+14.7
min; P=0.791) compared with the 160 ug/kg group. Survival

time of mice treated with 20 mg/kg propranolol was margin-
ally extended compared with the control group (38.2+6.8 min;
P=0.002), and exerted an equivalent effect compared with 10,
20 and 40 pg/kg DEX (P=0.792, 0.389 and 0.306).

Correlation analysis. The correlation analysis between
survival time and CBT, and survival time and HR, are
presented in Fig. 4. Strong negative correlations were detected
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between survival time and CBT (r=-0.802), and survival time
and HR (r=-0.726).

Discussion

Despite recent progress, the main mechanisms underlying
DEX-induced multiorgan protection remain poorly under-
stood and require further investigation. The current study
demonstrated that DEX dose-dependently improved toler-
ance to hypoxia in mice, which may partially explain the
mechanism. Propranolol is a B-adrenoreceptor antagonist
that effectively extends the survival time of mice under
limited oxygen conditions (23). Thus, propranolol was used
as a positive control to determine the efficacy of DEX. The
results of the present study demonstrate that the lower doses
of DEX (1 and 5 ug/kg) did not significantly extend survival
time of the mice, but the higher doses (10, 20, 40, 80, 160 and
320 pg/kg) significantly prolonged survival time compared
with the control, which peaked at the dose of 160 ug/kg and
was 3.6 times longer than that observed in the control group.
Furthermore, CBT and HR decreased similarly in response
to DEX. Propranolol appeared to have a limited effect on
extending survival time and only marginally decreased HR
and CBT.

DEX decreases HR in various animals, including rodents
and humans (24,25). The hypothermic effects of DEX
observed in the present study were consistent with previous
reports (21,22), excluding the magnitude of the changes. For
example, body temperature decreased by almost 15°C in a
report by Sallinen et al (22), whereas in the current study
the result was closer to 7°C. It is speculated that multiple
factors may be involved in the difference in the magnitude
of the decrease in CBT; the time points of the measurements
differed in the two studies, the previous study measured body
temperature 90 min after the drug injection, whereas the
current study measured CBT 30 min after drug administra-
tion. Additionally, a different mouse strains were used in the
different studies.

Hypoxia/ischemia is a common clinical condition and is
often so critical that treatment must begin immediately to
secure homeostasis. Hypoxia/ischemia injury results from
an imbalance between oxygen supply and demand. Certain
natural phenomena, including hibernation, estivation and
a suspended animation-like state, effectively, and mark-
edly reduce oxidative metabolism and oxygen demand of
an organism. The current study combined these two events
and explored whether these natural phenomena may be
induced, such as a suspended animation-like state, to apply
clinically for a beneficial effect. DEX is a promising novel
type of anesthetic; it causes sedation, hypothermia, brady-
cardia and decreases the respiration rate, similar to a state
of suspended animation. Furthermore, DEX protects organs
against ischemia-reperfusion injury (12-20). To the best of our
knowledge, no other widely used drugs exhibit these clini-
cally valuable properties.

The hypoxia animal model used in the present study was
simple but novel, as it is completely consistent with the clinical
pathology of hypoxia, with oxygen decreasing gradually, not
immediately. Several potential limitations of this study should
be acknowledged. CBT and HR were only measured before
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and 30 min after drugs administration, and thus, are unsure
how these values fluctuated during asphyxia. Further studies
are required to probe the mechanisms underlying the signifi-
cant effects of DEX.

In summary, the current study demonstrated a novel
effect for DEX in enhancing tolerance to hypoxia in mice by
inducing hypothermia and bradycardia. This finding provides
novel insight for the clinical use of DEX in lethal organ
hypoxia/ischemia and hypothermia therapies.
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