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Locomotor activity of rats with SCI is improved
by dexmedetomidine by targeting the expression
of inflammatory factors
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Abstract. Dexmedetomidine, a well-known selective a-2 adre-
noceptor agonist, inhibits the apoptosis of neurons and protects
other organs from oxidative damage. In the present study, the
effect of dexmedetomidine on spinal cord injury (SCI) in a rat
model was investigated. The SCI rat model was prepared using
the weight-drop method, and the effect of dexmedetomidine on
locomotor activity was analyzed using the Basso, Beattie and
Bresnahan (BBB) rating scale. Western blot analysis was used to
observe changes in the expression of apoptosis-related proteins,
including B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated X
protein (Bax). The results revealed that treatment of the SCI
rats with dexmedetomidine at a dose of 50 mg/kg significantly
prevented the formation of edema in the tissues of the spinal
cord. Dexmedetomidine also inhibited the SCI-induced accu-
mulation of neutrophils in the spinal cord. The BBB scores were
significantly increased (P<0.05) in the rats with SCI treated with
dexmedetomidine after 10 days. The results of grid walking test
revealed a marked decrease in the number of missteps following
10 days of dexmedetomidine treatment. The expression levels
of tumor necrosis factor (TNF)-a and interleukin (IL)-1f3 were
significantly reduced (P<0.05) in the spinal cord tissues of the
dexmedetomidine group, compared with those in the control
group of rats. Dexmedetomidine treatment following SCI
exerted an inhibitory effect on the SCI-induced increase in the
expression of Bax. The expression of Bcl-2 was increased in
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the dexmedetomidine treated rats, compared with that in the
control group. Taken together, dexmedetomidine improved the
locomotor activity of the rats through the inhibition of edema,
reduction in the expression levels of TNF-o and IL-1p, and
inhibition of the induction of apoptosis. Therefore, dexmedeto-
midine may be of therapeutic importance for patients with SCI.

Introduction

Spinal cord injury (SCI) results from the breakdown of spinal
cord tissues due to mechanical stress and is a severe health
problem worldwide. The primary acute phase of SCI consists
of direct tissue lesion and is accompanied by hemorrhage,
whereas the secondary phase consists of neuronal apoptosis
at the sites of lesion formation (1,2). During the secondary
phase of SCI, the generation of reactive oxygen species,
formation of edema, expression of cytokines leading to
inflammation, and neuronal apoptosis occur (3-5). The onset
of inflammation is considered to be the most serious factor
resulting in secondary injury (3-5). Neuronal cells do not
possess the ability to regenerate following SCI, which requires
the treatment strategy be free from any harmful side effects.
Therefore, studies have investigated the effect of inhibitors of
apoptosis on neurological injuries, including SCI, with the aim
of preventing the secondary phase of injury (6).

Cytokines, also known as inflammatory factors, including,
tumor necrosis factor (TNF)-a), interleukin (IL)-6 and IL-18,
are vital in various pathological and physiological process in
cells. In patients with acute kidney injury, it has been observed
that IL-18 acts as a marker for the level of acute kidney injury,
and its expression determines patient survival rates (7). The
expression of TNF-a and IL-6 mediated by IL-18 enhance
the rate of inflammatory reactions leading to organ injury (8).
Therefore, inhibiting the expression of inflammatory factors is
important in the prevention of organ injury.

Dexmedetomidine is known for its role as a selective a-2
adrenoceptor agonist and it exhibits inhibitory effect on sympa-
thetic activity (9,10). It has been reported that dexmedetomidine
inhibits the apoptosis of neurons and protects various other
organs from damage (11,12). Dexmedetomidine treatment
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has also been found to prevent liver and intestinal injury in
patients following hepatectomy through the inhibition of cell
apoptosis (13,14). In the present study, the effect of dexmedeto-
midine treatment on SCI in a rat model was investigated. It was
observed that dexmedetomidine improved locomotor activity
in the rats with SCI by inhibiting edema formation, reducing
cytokine expression and inhibiting the induction of neuronal
apoptosis.

Materials and methods

Experimental animals. A total of 30 adult male Sprague-Dawley
rats (weight, 240-260 g) were obtained from the Experimental
Animal Center (Xiamen University, Zhangzhou, China).
The animals were housed in well-ventilated rooms with
~60% humidity, a temperature maintained at 23°C and a 12/12-h
light/dark cycle for 15 days prior to the start of experiments.
The experimental procedures were performed in accordance
with the Guide for the Care and Use of Laboratory Animals
of the National Institute of Health (15). The procedures were
approved by the Government Animal Care Committee of the
Medical College of Xiamen University under the reference
no. 011/MCXU/2013. The animals were sacrificed following
anesthetization with an injection of 400 mg/kg of chloral
hydrate (Beyotime Institute of Biotechnology, Haimen, China)
intraperitoneally. Following SCI, the animals were placed in
their cages with free access to standard food and water.

Preparation of the traumatic SCI animal model using
the weight-drop method. The SCI rat model was prepared using
the weight-drop method. The rats were divided randomly into
three groups of 10 rats: Sham injury, SCI and treatment groups.
The rats were anesthetized with an injection of 400 mg/kg
chloral hydrate and the spinal cord of each animal was exposed
by T12 spinal laminectomy. Following exposure, an impactor
with a diameter of 2.0 mm was used to perform the weight-drop
injury to establish the traumatic SCI animal model. The animals
in the sham group were not subjected to the weight-drop step.

Treatment strategy. Following SCI, the animals in the treat-
ment group were injected with a single 50 mg/kg dose of
dexmedetomidine (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) intraperitoneally immediately after the incision was
closed. The animals in the sham and SCI groups received the
same volume of normal saline.

Analysis of edema formation in the spinal cord of rats with
SCI. The accumulation of water (edema formation) in the
spinal cord tissues of the rats with SCI was determined by
measuring the spinal cord weight. The wet weight of the spinal
cord immediately following extraction was recorded. The
spinal cord was then dried for 24 h at 75°C and the dry weight
was measured. The difference in the wet and dry weight of the
spinal cord was used for the determination of edema.

Determination of the activity of myeloperoxidase (MPO). The
activity of MPO was analyzed for the determination of neutro-
phil accumulation in the spinal cord tissues of the rats. Briefly,
the spinal cord lysates were treated with the o-dianisidine,
50 mM potassium phosphate buffer and 20 mM H,O, mixture.
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Absorbance of the solution was recorded spectrophotometri-
cally at 460 nm to determine the rate of change. The quantity
of enzymes (U/g) consumed to quench the reactive oxygen
species was measured.

Behavioral assessments. Improvements in the locomotor
activity of rats following dexmedetomidine treatment were
analyzed using the method described by Basso et al (16). Three
independent observers analyzed the locomotor activities of the
rats using the Basso, Beattie and Bresnahan (BBB) locomotor
rating scale. The scale is graded into 21 points with the lowest
point indicating complete paralysis and the highest point repre-
senting normal locomotion. On day 1 post-SCI and every week
following SCI, the rats were allowed to walk on an irregularly
distributed horizontal wire grid. When walking, the observers
carefully recorded the locomotor activity of the rats.

Determination of expression levels of TNF-a and IL-1§3 in
rats. As the rate of inflammatory reactions resulting in organ
injury is mediated by the increased expression of TNF-a and
IL-6 (8), the present study analyzed the expression levels of
TNF-a and IL-6. At 24 h post-SCI, the rats in the treatment
groups were weighed, anesthetized, placed in a prone position
and then sacrificed via injecting air through the ear vein. A
small incision was made in the back of each rat, and the skin
was carefully removed, followed by the subcutaneous tissues,
to expose the spinal cord. The injured spinal cords were
collected, placed into lysis buffer (5 mg/100 ul) and homog-
enized on ice. The commercially available TNF-o and IL-13
colorimetric kits (Calbiochem; EMD Millipore, Billerica, MA,
USA) were used for determination of the expression levels of
TNF-a and IL-1f expression according to the manufacturer's
protocol. The determination was performed in triplicate.

Western blot analysis. At 24 h post-SCI, the rats were weighed,
anesthetized, placed in a prone position and then sacrificed
via injecting air through the ear vein. A small incision was
made carefully in the back of rat, and the skin was removed,
followed by subcutaneous tissues, to expose the spinal cord.
The injured spinal cord was collected, placed into lysis buffer
(5 mg/100 ul) and homogenized on ice. The homogenized spinal
cord tissues were transferred into centrifuge tubes and lysed
for 10 min, followed by centrifugation for 20 min at 4,000 x g
at 4°C. The supernatants were decanted into the pre-cooled
centrifuge tubes. The concentration of proteins was determined
by Bicinchoninic Acid protein assay kit (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) according to
the manufacturer instructions. A total of 2 ug protein samples
were loaded onto 15% SDS-polyacrylamide gel and separated
by electrophoresis. The separated proteins were then transferred
onto nitrocellulose membranes. The membranes were blocked
with 5% non-fat-milk solution and then blotted with appropriate
primary antibodies against Bax (1:1,000; 5023S) and Bcl-2
(1:1,000; 15071S; both from Cell Signaling Technology, Inc.,
Danvers, MA, USA). The incubation with primary antibodies
was performed overnight at 4°C followed by 1 h incubation
with peroxidase-labeled secondary antibody (1:2,000 dilution;
7077S; Cell Signaling Technology, Inc.) at room temperature.
The bands were visualized using an enhanced chemilumi-
nescence detection technique (GE Healthcare Life Sciences,
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Figure 1. Effect of dexmedetomidine on water content in rats with spinal cord
injury. The rats in the treatment group were injected with 50 mg/kg doses
of dexmedetomidine. Analysis of the spinal cord tissues showed a higher
content of water in the control group, compared with water content in the
sham and treatment groups. "P<0.05 and “P<0.05, compared with the control

group.
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Figure 2. Dexmedetomidine treatment reduces the activity of MPO in
the treatment group. The rats following SCI were injected with 50 mg/kg
doses of dexmedetomidine and the spinal cord tissues were analyzed for
the activity of MPO. SCI significantly increased the activity of MPO, which
was reduced by dexmedetomidine. "P<0.05 and “P<0.05, compared with the
control group. SCI, spinal cord injury; MPO, myeloperoxidase.

Chalfont, UK) using Quantity One Software v4.2 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Immunohistochemical assay and H&E staining. After
10 days post-treatment with dexmedetomidine following
SCI, two animals from each group were anesthetized using
Nembutal. The thoracic cavities of the rats after opening were
intracardially perfused using normal saline. Then, ~400 ml
fixative containing paraformaldehyde (4%) in 0.1 M PBS
(pH 7.4) was used for perfusion of the rats and subsequently
T6-14 segment was extracted from the animal spinal cord.
The spinal cord tissues were treated with phosphate-buffered
sucrose (30%) following 3 h of fixing paraformaldehyde
(4%) in 0.1 M PBS at room temperature. The paraffin
embedded tissues were mounted on the slides coated with
0.02% poly-L-lysine. The chromagen used contained a combi-
nation of avidin-biotin-peroxidase complex (Invitrogen;
Thermo Fisher Scientific, Inc.) and 3,3'-diaminobenzidine
hydrochloride (DAB; Sigma-Aldrich; Merck KGaA). For
this, the tissues following PBS washing were incubated for
45 min at room temperature with 1% bovine serum albumin
(Gibco; Thermo Fisher Scientific, Inc.). The tissues were
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then incubated at 4°C for overnight with primary antibodies
against platelet-derived growth factor subunit B (PDGF-B;
dilution, 1:100; cat. no. 8912; Cell Signaling Technology, Inc.).
Following incubation, tissues were washed with PBS and
then incubated with biotinylated goat anti-rabbit secondary
antibody (diluted to 1:200 in PBS) at room temperature for
1 h. Visualization was performed using DAB (0.05%) and
hydrogen peroxide (0.3%) in combination. Dehydration of
tissues using ethanol and xylene was followed by mounting
under coverslips. For pathological changes 2 ym thick tissue
sections were stained with hematoxylin for 5 min at 25°C
and with eosin for 2 min at 25°C. Stained sections were
imaged using a Olympus BX51 light microscope (Olympus
Corporation, Tokyo, Japan) (magnification, x400).

Statistical analysis. For statistical analysis, Statistical
Package for Social Sciences (SPSS) version 13.0 for Windows
(SPSS, Inc., Chicago, IL, USA) was used. One-way analysis
of variance was used for the comparison of BBB scores.
P<0.05 was considered to indicate a statistically significant
difference. Data are expressed as the mean + standard error
of the mean.

Results

Dexmedetomidine prevents the formation of edema in rat
spinal cord tissues following SCI. The examination of the
rats 24 h following SCI showed the formation of edema due
to the accumulation of water content in the spinal cord tissues.
However, treatment of the rats with dexmedetomidine at a
dose of 50 mg/kg significantly decreased the formation of
edema in the tissues of the spinal cord (Fig. 1). Compared with
the rats in the sham and dexmedetomidine treatment groups,
edema formation was higher in the spinal cord of rats in the
control group.

Dexmedetomidine inhibits the infiltration of neutrophils in the
spinal cord tissues. At 24 h post-SCI, the accumulation of neutro-
phils was increased, which was evident by a significant increase
in the activity of MPO. Treatment of the rats with dexmedetomi-
dine at a dose of 50 mg/kg exhibited an inhibitory effect on the
SClI-induced increase in the accumulation of neutrophils (Fig. 2).
Compared with the animals in the control group, the accumula-
tion of neutrophils was significantly (P<0.05) decreased in the
dexmedetomidine and sham groups (Fig. 2).

Effect of dexmedetomidine on functional recovery following
SCI in rats. The results from the BBB locomotor test revealed
a significant (P<0.001) increase in locomotor performance
10 days following SCI in the dexmedetomidine treatment
group (Fig. 3A). Compared with the first day following SCI,
the BBB scores were significantly increased in the rats of the
dexmedetomidine group 10 days post-SCI. The comparison of
BBB locomotor scores showed the highest score in the sham
group, followed by the dexmedetomidine group and then the
control group. However, the scores were closer in the animals
of the dexmedetomidine and sham groups (Fig. 3A). In the
grid walking test, the animals in the control group showed a
higher number of missteps, compared with those in the dexme-
detomidine treatment group (Fig. 3B). Therefore, a significant
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Figure 3. Effect of dexmedetomidine treatment on the improvement of locomotor activity. Locomotor activity was assessed using the (A) BBB score scale
and (B) walking wire grid test. Following treatment with dexmedetomidine, rats were analyzed for locomotor activity. The BBB scores were higher in the
dexmedetomidine and sham groups, compared with the control group. The number of missteps were significantly higher in the control group, compared with

that in the sham and treatment groups. “P<0.01 and “P<0.05, compared with the control group. BBB, Basso, Beattie and Bresnahan.
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Figure 4. Dexmedetomidine treatment significantly reduces the expression of cytokines in the spinal cord tissues of rats. The rats with spinal cord injury were
treated with 50 mg/kg doses of dexmedetomidine and the spinal cord tissues were analyzed for expression levels of (A) TNF-a and (B) IL-1f3. TNF-a, tumor
necrosis factor-a; IL-1p, interleukin-1f. “P<0.01 and "P<0.05, compared with the control group.

improvement was observed in the locomotion performance of
the animals with SCI treated with dexmedetomidine.

Effect of the dexmedetomidine on the expression levels of
TNF-o and IL-1f following SCI. The expression levels of
TNF-a and IL-1f in the spinal cord tissues of SCI rats treated
with dexmedetomidine were analyzed using western blot
analysis. SCI led to a marked increase in the expression of
levels of TNF-a and IL-1f at 24 h (control group), compared
with the sham group (Fig. 4A and B). However, in the rats
treated with dexmedetomidine following SCI, no such increase
in the expression levels of TNF-o or IL-1p were observed in
the spinal cord tissues (Fig. 4).

Effect of dexmedetomidine on the protein expression levels of
Bax and Bcl-2. Compared with the rats in the sham group,
the rats in the control group revealed a marked increase in
the expression of Bax following SCI (Fig. 5). Treatment with
dexmedetomidine following SCI had an inhibitory effect on
the expression of Bax in the tissues of the spinal cord. The
expression of Bax in the dexmedetomidine treatment group
was similar to that of the control group (Fig. 5). Compared
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Figure 5. Dexmedetomidine treatment reduces expression of Bax and
increases expression of Bcl-2 in the rats with SCI. Treatment with dexme-
detomidine following SCI had an inhibitory effect on the expression of Bax
in the tissues of the spinal cord. Compared with the sham group, the expres-
sion of Bcl-2 was significantly reduced in the rats at 24 h following SCI.
Howeverm the expression of Bcl-2 was significantly increased in the rats with
SCI treated with dexmedetomidine. SCI, spinal cord injury.

with the sham group, the expression of Bcl-2 was significantly
reduced in the rats 24 h following SCI, however, the expression
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Figure 6. Dexmedetomidine treatment reduces spinal cord injury-induced cell apoptosis. The spinal cord tissues were stained with hematoxylin and eosin and

then examined using light photomicrographs (magnification, x400).

Treatment

Figure 7. Dexmedetomidine treatment prevents spinal cord injury-induced vacuole formation and tissue degeneration. The spinal cord tissues of the rats were
subjected to DAB for PDGF-B immunohistochemical staining (magnification, x400). PDGF-B, platelet-derived growth factor subunit B.

of Bcl-2 was significantly increased in the rats with SCI treated
with dexmedetomidine (Fig. 5).

Hematoxylin and eosin staining. The examination of spinal cord
tissues using light microscopy revealed the presence of large
cavities. The number of neuronal cells undergoing apoptosis
and gliocytes increased markedly in the rats with SCI. However,
treatment of the rats with dexmedetomidine prevented the
formation of cavities, induction of neuronal cell apoptosis and
increased number of gliocytes in the injured region (Fig. 6). The
results from the immunohistochemical examination showed
reductions in the percentage of PDGF-B-positive cells and
porosis formation in the spinal cord of rats with SCI. Treatment
of the SCI rats with dexmedetomidine increased the migration
of PDGF-B-positive cells to the injured region of spinal cord
and prevented porosis formation (Fig. 7).

Discussion

In the present study, the effect of dexmedetomidine on loco-
motor activity in the rats following SCI was investigated.
The study demonstrated a significant improvement in the
locomotor activity of rats with SCI treated with dexmedeto-
midine through the inhibition of edema formation, reduction
in neutrophil accumulation, decrease in the expression of
cytokines and inhibition of cell apoptosis.

Studies have demonstrated that SCI leads to the development
of edema and production of reactive oxygen species, and
inhibits the potential of neurons to undergo repair, which is
associated with worsening of the disorder (17). These factors are
responsible for mediating the onset of secondary processes in
cases of SCI. In the present study, dexmedetomidine exhibited
an inhibitory effect on the accumulation of neutrophils, which
was evident by a significant decrease in the activity of MPO.

Treatment of the rats suffering from SCI with dexmedetomidine
led to a significant decrease in the expression of factors
involved in inflammation, including TNF-a and IL-1p.
Treatment of mice with SCI with certain chemotherapeutic
agents has been shown enhance the regenerative potential of
the affected neurons, prevent neuronal apoptosis and induce
improvements in motor function (18,19). In the present study,
the expression of Bax was reduced, whereas that of Bcl-2 was
increased in the spinal cord tissues of SCI rats treated with
dexmedetomidine. This suggested that dexmedetomidine
inhibited the induction of neuronal apoptosis. Treatment of the
SCI rats with dexmedetomidine also led to improvements in
the functions of limbs in the rats.

SCl is followed by the development of inflammation and the
subsequent accumulation of neutrophils into the tissues (20).
Inflammatory factors are secreted and reactive oxygen
species are produced, resulting in neuronal apoptosis and
necrosis (21,22). Therefore, the inhibition of cytokine secretion
by the spinal cord tissues following SCI can prevent neuronal
cell damage. The results from the present study demonstrated
a significant decrease in the expression of cytokines TNF-a
and IL-1p in the rats with SCI treated with dexmedetomidine.

In conclusion, the results of the present study demonstrated
that dexmedetomidine improved the locomotor function of rats
with SCI through the inhibition of edema formation, reduction
of neutrophil accumulation, inhibited expression of cytokines
and inhibited induction of apoptosis. Therefore, dexmedetomi-
dine may be used for the improvement of locomotor function
in cases of SCI.
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