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Abstract: Objective: To investigate the neuro-protective effects of dexmedetomidine (dex) on I/R-induced spinal
injury and potential mechanisms. Methods: sprague-Dawley rats in the treatment group received intraperitoneal
injections of 25 mg/kg dexmedetomidine, MC stabilizer cromolyn (100 mg/kg), MCs stimuliser compound 48/80
(80 mg/kg), PBS at 24 h befor IR. Underwent 5 minutes of aortic occlusion via median sternotomy, functional scores
were recorded at 12, 24, 36 and 48 hours after reperfusion. Additionally, 3 mice underwent sham surgery with
sternotomy and dissection of the aorta and subclavian artery with no occlusion. Spinal cords were examined for
protein kinase B (AKT), CREB, and brain-derived neurotrophic factor (BDNF) following treatment alone or ischemia-
reperfusion surgery. Collected the serum to observe the expression of pro-inflammation cytokines (TNF-«, INF-y and
IL-1B) and anti-inflammation cytokines (TGF-B, IL-10 and IL-6). Then the MCs were harvested to test the expression
surface molecular of FceR and MCs’ degranulation. Results: Pretreated the rats with dexmedetomidine has higher
neurologic function at all time points after I/R injury. We collected the serum of rats then detected the pro-inflam-
mation cytokines TNF-o, INF-y and IL-1f3 levels and anti-inflammation cytokinses TGF-B, IL-10 and IL-6 levels, found
that the pro-inflammation cytokines of dexmedetomidine group was decreased whereas the anti-inflammation cy-
tokinses was increased. At the same time the protect protein of AKT, CREB and mRNA BDNF were increased. They
had the same results with cromolyn group, and opposite with the compound 48/80 group. We pretreated MCs with
dexmedetomidine in vitro, and found that the activity surface molecular of MCs was down-regulation, and MCs de-
granulation was decreased. Conclusion: We thus demonstrate a possible mechanism by which dexmedetomidine
alleviates spinal cord I/R injury through blocking the MCs degranulation.
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Introduction hypoxia, however, paradoxically could cause
severe spinal ischemia-reperfusion (I/R) injury
[2, 3]. Due to the lack of efficient neuroprotec-
tive therapies, the I/R injury is still a major med-
ical problem which urgently needed to be fur-
ther studied. It is therefore of major important
to prevent or alleviate I/R-induced injury in
recanalizing patients, and perioperative treat-

ment may be a potent protective strategy for

The ischemic insult to the spinal cord during
thoracoabdominal aortic interventions contin-
ues to have devastating consequences in up
to one fifth of high-risk patients [1]. Ischemia-
reperfusion (IR) injury is complex and poorly
understood. Neurons are the most vulnerable
cells to ischemia and coupled with their inabili-

ty to regenerate, spinal cord I/R is a significant
threat to patients. The current management
protocol for spinal ischemia is limited to sup-
portive medical care. Recanalization following
ischemia is the most effective method for treat-
ment of acute spinal infarct and correction of

the ischemic neuronal injury [4].

Dexmedetomidine (DEX) is an a-2 adrenorecep-
tor agonist and is used as a sedative and an
analgesic especially in a neurointensive care
unit [5, 6]. Dexmedetomidine has been found to
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be very effective as a premedication agent
because of its sympatholytic, analgesic, anxio-
lytic, and sedative effects [7]. Previous studies
have demonstrated that dexmedetomidine
exhibited antiapoptotic and anti-inflammatory
effects apart fromits anesthetic features [8, 9].
In cerebral neurons, clonidine and other a-2
agonists have been shown to promote phos-
phorylation of neuroprotective pathways and
up-regulation of the PI3K AKT pathway. Cyclic
AMP response-element binding protein (CREB)
is a transcription factor that is critical for neu-
ron survival after ischemia supporting its role
inthe induction of ischemic tolerance. Among
other functions, CREB induces expression of
prosurvival proteins brain derived neurotrophic
factor (BDNF) [10]. Moreover, studies in ani-
mals have reported organ protective effects of
dexmedetomidine in ischemia-reperfusion inju-
ry [11, 12]. Dexmedetomidine promotes isch-
emic tolerance in a murine model of spinal cord
ischemia-reperfusion [13]. But the mechanism
is not understand.

Mast cells (MCs) participate in I/R injury in
many organs, such as the heart, brain [14] and
intestine. MCs take effect mainly through
releasing chemicals stored within the MC gran-
ules, which include pro-inflammation cytokines
and anti-inflammation cytokines, such as hista-
mine [15], interleukin [16], and MC tryptase
[17], and chymase [18]. Stablizing the MCs
membrane could alleviate the organs I/R injury.
So we hepothesis that dexmedetomidine could
stabilize the MCs’ membrane and increase the
protective signal protein to alleviate the spinal
I/R injury.

Material and methods
Animals

All rats were purchased from Schleck Exp-
erimental Animals Co. (Shanghai, China). All
rats were housed in a Specific pathogen free
facility and used in accordance with the
National Institutes of Health Guide for the Care
and Use of Laboratory Animals of the Chinese
Academy of Sciences.

Cell preparation

Rat bone marrow-derived mast cells were
obtained as described previously [19]. The puri-
ty of MCs was assessed by measuring the
expression of c-kit (CD117) and FCeRlx using
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flow cytometry. MCs were used at a purity of
95%.

Flow cytometry

MCs pretreated for 24 h with: PBS, 30 ug/kg
dexmedetomidine, MCs stabilizer cromolyn
(100 ug/kg), MCs stimuliser compound 48/80
(80 pg/kg), MCs were incubated with FceRI-PE
antibodies for 30 min on ice. Flow cytometry
analysis was performed using a FACS Calibur
flow cytometer (BD BioSciences) equipped with
Cell Quest software.

Mast cell degranulation assay

After treating MCs with PBS, dexmedetomidine,
cromolyn, compound 48/80 for 24 h, MCs were
preincubated with anti-DNP-IgE (100 ng/mL)
for 24 h then challenged using DNP (200 ng/
mL). After 1 h, conditional media from the IgE/
Ag degranulated MCs was added to the culture
system. After solubilization with 0.5% Triton
X-100 in Tyrode’s buffer, the enzymatic activity
of B-hexosaminidase in both supernatants and
cell pellets was measured using p-nitrophenyl-
N-acetyl-B-D-glucosaminide in 0.1 M sodium
citrate pH 4.5 at 37°C for 60 min. The reaction
was stopped by addition of 0.2 M glycine pH
10.7 and the released p-nitrophenol was mea-
sured at 405 nm. The extent of degranulation
was calculated as the p-nitrophenol absor-
bance of the supernatant divided by the total
absorbance of the supernatant and detergent-
solubilized cell pellet.

Aortic cross clamping: IR surgery

Rats were anesthetized using 2% isoflurane
and placed in the supine position. Surgery was
performed under normothermic conditions.
The aortic arch was exposed using a cervico-
thoracic approach as previously described [20].
Disruption of arterial flow to the spinal cord was
achieved by placing vascular clamps on the
aortic arch distal to the left common carotid
artery and the subclavian artery for 5 minutes.
To confirm at least 90% reduction in distal
flow, a laser Doppler blood flow monitor (Moor
Instruments, Devon, United Kingdom) was
placed over the left femoral artery.

Medication administration

Rats in the treatment group received intraperi-
toneal injections of 25 mg/kg dexmedetomi-
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Figure 1. Time (h) following the ischemia. Following ischemia-reperfusion (IR)
surgery with 5 minutes of aortic occlusion a significant functional deficit in
hind-limb function was observed in all rats. 24 hours of pretreatment with dex-
medetomidine (IR+ Dex) and cromolyn (IR+ cromolyn) resulted in significantly
higher neurologic function at all time-point postoperatively. The rats pretreated
with compound 48/80 had opposite result. Error bars represent mean + SEM.

*P<0.05.

dine, MC stabilizer cromolyn (100 mg/kg) MCs
stimuliser compound 48/80 (80 mg/kg) or PBS
(n = 5) at 24 h befor IR. Additionally, 3 mice
underwent sham surgery with sternotomy and
dissection of the aorta and subclavian artery
with no occlusion.

Functional scores

The Basso Mouse Scale for locomotion, which
ranges from a score of O for complete paraple-
gia to a score of 9 for normal function, was
used to quantify hind-limb function in mice
after ischemia. Function was scored at 12, 24,
36, and 48 hours after reperfusion.

Quantitative polymerase chain reaction

Measurements BDNF (brain-derived neuro-
trophic factor) transcripts from treated and
untreated spinal tissue without undergoing IR
surgery were performed. Total RNA was isolat-
ed using the RNAqueous-4 PCR kit (Ambion,
Austin, Tex) per the manufacturer’s instruc-
tions. Real-time polymerase chain reactions
using iQ mastermix (Bio-Rad, Hercules, Calif)
on Bio-Rad CFX detection system (Hercules,
Calif) were performed in duplicate using 50 ng
complementary DNA. FAM-labeled probe/prim-
er sets used to detect BDNF (Mm04230607_
sl) were synthesized by Invitrogen (Grand
Island, NY). The housekeeping gene [B-actin
(MmO00607939_s1) was also assayed for each
sample using 5 ng complementary DNA. Cycle
parameters used 95°C for 3 minutes followed
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by 40 cycles of 95°C for 15
-o-PBS seconds and 60°C for 1
-2 DEX minute. Expression levels
— cromolyn were calculated using the
~v compound o!elta—delta (?t method rela-
tive to B-actin.
(n=5)

Protein extraction and
western blotting

Spinal cords were removed
following pretreatment or
IR surgery. Briefly, Protein
extracts were obtained us-
ing lysis buffer (50 m MTris
HCI pH 8.0, 120 mM NacCl,
0.25% Nonidet P,0, 0.1%
SDS, protease inhibitors
PMSF, aprotinin, leupeptin,
and pepstatin (Roche) at a
final concentration of 10
ng/mL, 1 mM DTT). A total of 60 mg of each
protein sample was subjected to 15% SDS-
PAGE and blotted onto a nitrocellulose mem-
brane (Amersham Pharmacia Biotech, USA).
Membranes were blocked with 5% non-fat dry
milk in TBS-Tween (0.5%) and probed with
either rabbit anti-Rat cyclic AMP response-ele-
ment binding Protein (CREB) monoclonal anti-
body (2 mg/mL; Abcam) or rabbit anti-Rat
B-actin monoclonal antibody (Bioworld, USA)
followed by HRP-conjugated anti-rabbit 1gG
antibody (Amersham Pharmacia Biotech).
Immunoreactive protein bands were detected
with the ECL detection kit (Amersham
Pharmacia Biotech).

Cytokines detection

Serum were harvested and bioactive TNF-«,
INF-y, IL-1B3, TGF-B, IL-10 and IL-6 were quanti-
fied by ELISA (eBiosciences) according to the
manufacturer’s instructions.

Statistical analysis

All statistical analysis was carried out using
SPSS9.13 for Windows and expressed as the
mean + SEM. One-way analysis of variance
(ANOVA) was performed to determine the sta-
tistical significance of the data. Each sample
was tested for homogeneity of variance with
the Student-Newman-Keuls multiple compari-
son test for two-variable analysis. If the vari-
ance was not homogeneous, nonparametric
statistical tests were performed. Differences
were considered significant at the P<0.05 level.
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Figure 2. The expression of pro-inflammation cytokines. Dexmedetomidine suppressed I/R induced upregulation of
TNF-o, INF-y and IL-13 levels expressions in spinal. ELISA was performed to detect the serum expression of TNF-a,
INF-y and IL-1[3 levels 24 h following I/R insult (n = 5; *P<0.05).
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Figure 3. The expression of anti-inflammation cytokines. Dexmedetomidine induced upregulation of TGF-B, IL-10
and IL-6 levels expressions in spinal to alleviate the spinal I/R injury. ELISA was performed to detect the serum
expression of TGF-B, IL-10 and IL-6 levels 24 h following I/R insult (n = 5; *P<0.05).

Results
Functional outcomes

Mice in the sham group had no observable
functional deficit at any time point in the post-
operative period. Ischemia with 5 minutes of
aortic occlusion produced a significant func-
tional deficit in all mice. Twenty-four hours of
pretreatment with dexmedetomidine, PBS, cro-
molyn, compound 48/80 resulted in a signifi-
cant neurologic function (P<.05) at all time
points postoperatively (Figure 1).

Effect of dexmedetomidine on serum of rats
TNF-a, INF-y and IL-18 levels

To determine whether treatment with dexme-
detomidine could reduce inflammation cyto-
kines of MCs degranulation. ELISA assay was
performed to evaluate the I/R induced changes
in the protein levels of TNF-«, INF-y and IL-1,
which in part, responsible for the pathogenesis
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of many inflammatory diseases. Results pre-
sented here showed that spinal I/R led to a sig-
nificant increase in the TNF-a, INF-y and IL-13
levels at 24 h time point. Perioperative treat-
ment with dexmedetomidine, MCs stabilizer
cromolyn both significantly inhibited I/R injury
induced up-regulation of TNF-«, INF-y and IL-13
production, there were no significant (Figure 2).
The group of stimulate MCs degranulation com-
poud 48/80 prompted the I/R injury. This sug-
gested that dexmedetomidine might stabilize
the MC membrane and displayed better anti-
inflammatory effect in I/R model rats.

Effect of dexmedetomidine on serum of rats
TGF-B, IL-10 and IL-6 levels

MCs degranulation could release pro-iflamma-
tion cytokines, whereas resting MCs could
release anti-inflammation cytokines. To deter-
mine whether treatment with dexmedetomi-
dine could stabilze MCs membrane, we detect-
ed the anti-inflammation cytokines TGF-, IL-10

Int J Clin Exp Med 2015;8(9):14741-14749
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Figure 4. The protein of AKT expression. Dexme-
detomidine induced enhancement in spinal AKT ex-
pression. A. Western blots assay was performed to
evaluate AKT protein expression in the spinal 24 h
following I/R insult. B. Bands corresponding to AKT
and B-actin protein were quantified densitometrical-
ly. Results are expressed as the ratio of full-length
AKT to B-actin. Data are means * SD of three inde-
pendent experiments performed in triplicate or a rep-
resentative result. *P<0.05.

and IL-6 which released by MCs (Figure 3).
ELISA assay was performed to evaluate after
I/R. The results showed the rats pretreated
with dexmedetomidine and cromolyn that the
TGF-B, IL-10 and IL-6 levels were high after I/R
injury, the group of compoud 48/80 had oppo-
site result. So, this result suggested pretreated
with dexmedetomidine made MCs release anti-
inflammation cytokines to protect the spinal-
cord from I/R injury.

Pretreatment and survival signaling

AKT and CREB phosphorylation are protect pro-
tein signaling after I/R injury of neural system.
Spinal cord homogenates were analyzed for
AKT and CREB phosphorylation. Following pre-
treatment with dexmedetomidine and cromolyn
there were a robust and significant (*P<0.05)
increase in AKT and CREB phosphorylation
(Figures 4, 5). To determine if CREB phosphory-
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Figure 5. The protein of CREB expression. Dexme-
detomidine induced enhancement in spinal CREB
expression. A. Western blots was performed to evalu-
ate CREB protein expression in the spinal 24 h follow-
ing I/R insult. B. Bands corresponding to CREB and
B-actin protein were quantified densitometrically. Re-
sults are expressed as the ratio of full-length CREBto
B-actin. Data are means = SD of three independent
experiments performed in triplicate or a representa-
tive result. *P<0.05.

lation resulted in a subsequent production of
neuroprotective proteins with dexmedetomi-
dine treatment, spinal cord tissue was tested
by quantitative polymerase chain reaction for
production of BDNF. Pretreatment with dexme-
detomidine resulted in a significant BNDF when
compared with the group of compound 48/80
and PBS (Figure 6). Dexmedetomidine treat-
ment resulted in statistically significant eleva-
tions in BDNF expression following I/R surgey.
There was no significant with the group of
cromolyn.

Dexmedetomidine down regulation the FceR
of MCs

To examine the indirect effect of dexmedetomi-
dine on MCs, we extracted the rat MCs from

Int J Clin Exp Med 2015;8(9):14741-14749
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Figure 6. The mRNA of BDNF expression. A. Quan-
titative polymerase chain reaction for production of
brain-derived neurotrophic factor (BDNF) transcripts
was performed. Pretreatment with dexmedetomidine
resulted in a significant up-regulation BNDF mes-
senger RNA expression. B. Bands corresponding to
BDNF and GAPDH were quantified densitometrically.
Data are means *+ SD of three independent experi-
ments performed in triplicate. *P<0.05.

bone marrow (MCs in spinal and bone marrow
are homologous), then, pretereated with PBS,
dexmedetomidine, cromolyn, compoud48/80
in vitro. After 24 h, expression of FceR at the
MCs surface was down-regulated (Figure 7),
and there was no difference between the cro-
molyn group and DEX group. So, dexmedetomi-
dine could alleviate the MCs activity to block
them degranulation.

The degranulation of MCs pretreated with dex-
medetomidine was decreased

MCs pretreated with PBS, DEX, cromolyn, com-
pound 48/80 after 24 h. Using anti-DNP-IZE to
stimulate MCs degranultion, we found the MCs
pretreated with DEX, cromolyn they degranula-
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tion were decreased, which compared with the
group of PBS and compound 48/80 (*P<0.05)
(Figure 8). So, the dexmedetomidine could sta-
bilize the MCs membrane.

Discussion

Ischemiaereperfusion (I/R) injury is inevitable
in many surgery, vascular and musculoskeletal
traumas, diseases, and free tissue transfers
and during time-consuming reconstructive and
transplantation surgeries [21]. The mechanism
of organ damage after I/R injury has been stud-
ied extensively and consists of complex interac-
tions of multiple pathways. The major contribu-
tors to |I/R-induced injury included production
of reactive oxygen species (ROS), release of
proinflammatory cytokines that exacerbate
inflammation and tissue damage and activa-
tion of immune cells to promote cell death by
apoptosisor necrosis [22]. Some studies found
that the dexmedetomidine could alleviate the
I/R injury in rat skeletal muscle [23]. Experi-
mental studies have shown that dexmedetomi-
dine exerts an antioxidant effect in several
organs, including brain, kidney, and heart [24].
In addition, dexmedetomidine has been shown
to reduce the expression of I/R injury markers
during upper extremity surgery using a tourni-
quet in human studies [25]. A previous study
also showed that severe damage in the cere-
bral injury was accompanied by a increase in
proinflammtion cytokines, which was restored
after dexmedetomidine administration [26],
and as a-2a adrenergic agonist could increase
phosphorylation of protein kinase B and CREB
and subsequent up-regulation of antiapoptotic
factor brain-derived neurotrophic factor to pro-
tective mechanism in the spinal cord following
ischemia [27, 28]. But the specific mechaniam
of the role of dexmedetomidine in I/R injury is
not clear. MCs have long been thought to only
possess effecter cell functions, given that they
store an armada of pro-inflammatory cytokines
and chemokines in their granules. MCs have
been shown to promote I/R injury in many
organs, mainly through their degranulation [29,
30]. However, the role of MCs in spinal I/R inju-
ry is less clear. MCs have bidirectional role,
they can release much of proinflammation cyto-
kines to induce I/R injury through degranula-
tion, and they also can release anti-inflamma-
tion cytokine to alleviate the I/R injury in the
resting state [31]. So, we pretreated the rats
with dexmedetomidine, cromolyn (the stabilizer

Int J Clin Exp Med 2015;8(9):14741-14749
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Figure 7. Expression of FceR on the surface of MCs. MCs pretreated with PBS DEX cromolyn compound 48/80. A.
FceR expression on MCs decreased with DEX (b) and cromolyn (d). PBS (a) and compound 48/80 (c) had the op-
posite results. B. Expression of the FceR on the MCs surface shown as mean fluorescence intensity (MFI) measured
by flow cytometry after incubation for 24 h (with isotope control subtracted). Data are presented as the percentage
MFI of MCs alone which was set as 100%. Data are means + SEM of three independent experiments. Statistical
significance was calculated using the Student’s t-test. *P<0.05.
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Figure 8. MCs degranulation induced by anti -DNP-
IsE mAb and DNP-HAS was evaluated by 4-Nitrophe-
nyl N-acetyl-B-D-glucosaminide after pretreatment.
Compared with the control group, pretreatment with
PBS, compound 48/80 obviously elicited MCs de-
granulation, whereas the DEX and cromolyn groups
decreased the MCs degranulation, there were not
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significantly different. Data are shown as the mean
+ SD of three independent experiments performed
in triplicate. *P<0.05.

of MCs membrane), compound 48/80 (inducer
of MCs degranulation)to observe the mecha-
nism of dexmedetomidine in spinal I/R injury. In
our study, we found that pretreated the rats
with dexmedetomidine has higher neurologic
function at all time points after I/R injury. We
collected the serum of rats then detected the
pro-inflammation cytokines TNF-«, INF-y and
IL-1B levels and anti-inflammation cytokinses
TGF-B, IL-10 and IL-6 levels, found that the pro-
inflammation cytokines of dexmedetomidine
group was decreased whereas the anti-inflam-
mation cytokinses was increased. At the same
time the protect protein of AKT, CREB and
mMRNA BDNF were increased. They had the
same results with cromolyn group, and oppo-
site with the compound 48/80 group. So, we
thought dexmedetomidine might stabilize the
MCs membrane to alleviate the spinal I/R injury

Int J Clin Exp Med 2015;8(9):14741-14749



Dex alleviates the spinal cord IRl through blocking MC degranulation

in vivo. To observe the indirect role of dexme-
detomidine on MCs. We pretreated MCs with
dexmedetomidine in vitro, and found that
the activity surface molecular of MCs was
down-regulation, and MCs degranulation was
decreased. We thus demonstrate a possible
mechanism by which dexmedetomidine allevi-
ates spinal cord I/R injury through blocking the
MCs degranulation.
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