Tropical Journal of Pharmaceutical Research May 2020; 19 (5): 943-947

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v19i5.5

Original Research Article

v

Dexmedetomidine reduces inflammation in mice with acute
pancreatitis by inhibiting NLRP3 inflammasome and
sympathetic nerve activity

Yanjun Gao', JinHui Xie?, Ruobin Liu', Yue Li3, Wenjun Yan'*

'Department of Anesthesiology, Gansu People’s Hospital, ?Department of Ultrasound, Gansu People's Hospital, Lanzhou,
SDepartment of Digestion, The First Hospital Affiliated to ShanXi Medical University, Taiyuan, PR China

*For correspondence: Email: qzyk59@ 163.com

Sent for review: 18 December 2019 Revised accepted: 26 April 2020

Abstract

Purpose: To study the anti-inflammatory influence of dexmedetomidine (DEX) in mice with acute
pancreatitis (AP), and to determine the underlying mechanism.

Methods: A total of 75 healthy ICR male mice were randomly divided into control, mild acute
pancreatitis (MAP), MAP+DEX, severe acute pancreatitis (SAP), and SAP+DEX groups, with 15
mice/group. Blood levels of inflammatory factors (TNF-a and IL-18) and norepinephrine were assayed in
each group. Western blotting was used to assay the protein expressions of NLRP3 and norepinephrine
transporter (NET) in the pancreatic tissue of each group.

Results: The levels of inflammatory factors in the MAP+DEX group were markedly lower than those in
the MAP group after 10 h of MAP induction (p < 0.01). Mice in MAP+DEX group had significantly lower
expression of NLRP3 in pancreatic tissue, and significantly higher NET protein level, relative to the MAP
mice. Following 10 h of SAP, concentrations of the inflammatory factors and the pancreatic expression
of NLRP3 were lower in SAP+DEX-treated mice than in SAP mice, while NET protein was significantly
higher in SAP mice (p < 0.01).

Conclusion: DEX reduces the expressions of inflammation-related factors TNF-a and IL-18, and
inhibits inflammatory response in mice with AP via downregulation of NET protein expression via
inhibition of NLRP3 and early sympathetic events.
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INTRODUCTION However, a small number of SAP patients often

have serious secondary infections, leading to
Acute pancreatitis (AP) is a hemorrhage, edema, persistent systemic inflammatory response
or necrotizing inflammatory response caused by  syndrome (SIRS) and multiple organ dysfunction
pancreatic enzyme digestion of pancreatic tissue ~ syndrome (MODS), with extremely high mortality
due to a variety of reasons. The disease varies in ~ which may be up to 6.0 % after active treatment
severity, with MAP having a good prognosis. [1]. The early inflammatory reaction period is
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often accompanied by multiple organ dysfunction
and organ failure, and it is the stage at which AP
patients are prone to death.

Studies have shown that continuous stimulation
of sympathetic nerves is closely associated with
excessive activation of inflammation. Studies
have found that sympathetic abnormal excitability
is associated with poor prognosis in patients with
ACS [2]. Therefore, it is important to actively
reduce excessive sympathetic nerve excitability
in AP patients so as to decrease pancreatic
inflammation and pancreatic injury.

Dexmedetomidine (DEX), a classical selective a2
receptor agonist, significantly reduces
sympathetic nerve activity. Thus, it has been
widely used in sedation and analgesia in
critically-ill patients. Studies have shown that
DEX maintains hemodynamic stability in some
patients with underlying cardiovascular disease
during perioperative period. It is well-established
that DEX exerts good protective effect on
multiple organ organs in the body [3,4]. In
addition, research has found that DEX reduces
the serum levels of inflammatory factors such as
TNF-a and IL-1B, resulting in decreases in the
degree of inflammatory response before or
during surgery.

Some animal experiments have also
demonstrated that DEX significantly reduced
myocardial  ischemia-reperfusion  injury in
experimental animals, and also reduced the
levels of inflammatory factors [5]. However, not
much is known about the relationship between
DEX and AP.

The present study was carried out to unravel the
influence of DEX on the level of inflammatory
response in mice with AP, and the underlying
mechanisms. This was with a view to providing
more clinical evidence for early prevention and
treatment of patients with AP.

EXPERIMENTAL
Animals and grouping

A total of 75 healthy ICR male mice weighing 200
- 250 g were used in this study. They were
subjected to adaptive feeding for 1 week and
provided clean drinking water in an environment
with a temperature of 25 °C. The mice were
thereafter randomly divided into control, MAP,
SAP, MAP + DEX, and SAP + DEX groups, with
15 mice in each group. Mice in the MAP group
were intraperitoneally injected 10 times with CAE
at a dose of 50 pg/kg/h. Mice in the SAP group
were intraperitoneally injected 10 times with CAE

(50 pgrkg/h), with lipopolysaccharide (LPS, 10
mg/kg) added at the last injection.

Mice in the MAP + DEX mice were injected with
DEX (20 pg/kg) via the tail vein, in addition to the
treatment in the MAP group, while the same DEX
dose was given through tail injection to SAP +
DEX mice, in addition to the treatment in the SAP
group. In contrast, mice in the control group were
intraperitoneally injected with normal saline. This
research was approved by the Animal Ethical
Committee of Gansu People’s Hospital (approval
no. 20190121), and conducted according to
"Principles of Laboratory Animal Care" (NIH
publication no. 85-23, revised 1985) [6].

Reagents

The reagents used were 1 % pentobarbital
solution, dexmedetomidine (200 mg/mL), 0.9 %
sodium chloride solution, 5 % BSA solution,
caerulein solution, and citrate antigen repair
solution.

Treatments

After 12 hours, the AP mice were routinely
anesthetized with 1 % pentobarbital solution, and
blood samples were taken from their tail veins.
The blood samples were centrifuged at 4000 rpm
for 10 min at 4 °C, and the supernatants (sera)
were collected in EP tubes.

Serum levels of inflammatory factors TNF-a and
IL-18, and serum norepinephrine (NE) levels
were measured using ELISA, in line with the
specific assay procedures outlined in the ELISA
kits. After blood collection, the mice were
sacrificed via cervical dislocation, and the hearts
were exposed to systemic perfusion. At the end
of the experiment, pancreatic tissue was taken
from each group for assay of the protein
expressions of NLRP3 and NET using Western
blotting.

Statistical analysis

Results are presented as mean + SD. Statistical
analysis was done with one-way ANOVA. Paired
data or independent samples were compared
with t-test. Differences between non-normal
distribution data were analyzed using rank sum
test. Statistical analysis was done with SPSS
20.0 software. Gel image processing software
was used to analyze the results of Western
blotting. Count data are expressed as
percentage, and the comparison between the
groups was done with x? test. Statistical
significance was assumed at p < 0.05.
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RESULTS

Effect of DEX on concentrations of
inflammatory factors TNF-a and IL-1B8 in AP
mice

The results of ELISA showed that after 10 h of
AP, the levels of serum inflammatory factors
TNF-a and IL-1B in MAP, SAP, MAP + DEX, and
SAP + DEX groups were significantly higher than
the corresponding levels in the control group (p <
0.01). The serum concentrations of TNF-a and
IL-18 in mice in the MAP+DEX group were
significantly lower than those of mice in the MAP
group after 10 h of MAP (p < 0.01). These results
are shown in Figure 1. As shown in Figure 2,
after 10 h of SAP, the levels of TNF-a and IL-1B
in the SAP + DEX group were significantly lower
than those in SAP group (p < 0.01).
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Figure 1: Effect of DEX on serum levels of TNF-a and
IL-1B8 in mice with MAP. A: Control group; B: MAP
group; C: MAP + DEX group. #p < 0.01, relative to
MAP + DEX group
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Figure 2: Effect of DEX on serum levels of TNF-a and
IL-18 in mice with SAP. A: Control group; B: SAP
group; C: SAP + DEX group. #p < 0.01, compared
with SAP + DEX
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Effect of DEX on pancreatic
expressions of NLRP3 and NET

protein

The results of Western blotting showed that the
expression of NLRP3 in pancreatic tissues was
markedly reduced in MAP + DEX-treated mice,
when compared with mice given MAP, while NET
protein concentration was markedly lower in
MAP-treated mice (p < 0.05). The pancreatic
tissue expression of NLRP3 was markedly lower
in SAP+DEX mice than in SAP-treated mice,

while NET protein concentration was markedly
lower in SAP-treated mice (p < 0.01). These
results are presented in Figure 3.
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Figure 3: Effect of DEX on pancreatic expressions of
NLRP3 and NET proteins in mice with mild and severe
acute pancreatitis; #*p < 0.05, compared with MAP +
DEX group; **p < 0.01, compared with SAP + DEX

group

Effect of DEX on serum NE expression in
mice with AP

As shown in Figure 4, the expression of NE in
serum of mice given MAP + DEX was lower than
that in MAP-treated mice after 10 h of AP (p <
0.01). The expression of NE in serum of mice
given SAP + DEX was markedly lower than that
in SAP-treated mice (p < 0.01).
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Figure 4: Influence of DEX on serum NE expression
in mice with AP; ##p < 0.01, vs MAP + DEX group; *p
< 0.01, vs SAP + DEX group
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DISCUSSION

Acute pancreatitis (AP) is an inflammatory
reaction due to various causes, in which
pancreatic tissue is digested, and becomes
hemorrhagic, edematous, or even necrotic. In
recent years, the incidence of AP has increased
in China. The disease, especially SAP, is often
accompanied with excessive activation of
inflammatory reactions secondary to MODS, and
high mortality in the early stage. After 60 days of
active treatment, AP-associated mortality still
exceeds 6.0 % [7]. Therefore, control of
inflammatory response is a key part of the
treatment strategy for AP.
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Related animal studies have found that CAE has
an excitatory effect on the vagus nerve, thereby
enhancing the secretory function of the
pancreatic acinus at physiological levels. In
contrast, when plasma cholecystokinin (CCK) is
at a super-physiological level, it can directly
excite neurons in the pancreas and act on the
acinus, leading to AP. Specific removal of
primary sensory neurons in the pancreas results
in significant amelioration of AP in rats [8]. This
indicates that AP-induced inflammation is
regulated by the corresponding autonomic
nervous system. Inflammatory reflex is a
physiological pathway in which the autonomic
nervous system senses inflammatory stimuli and
promotes the secretion of inflammation-related
cytokines. The signal transduction pathway
located in the vagus nerve is equivalent to its
afferent and efferent pathways, which exert
negative feedback regulation on the inflammatory
response. In a sense, the excitability of the vagal
pathway inhibits the degree of inflammatory
response in pancreatic tissue. If the vagus nerve
and sympathetic nerve function are balanced by
an external force, it may have positive effects on
the control of AP-associated inflammatory
response [9,10].

Dexmedetomidine (DEX), a classical selective a2
receptor agonist, has a wide range of
physiological effects such as anti-inflammatory,
anti-apoptotic and anti-oxidative properties, and it
exerts a significant lowering effect on
sympathetic nerve activity [11]. Clinically, DEX is
effective in  reducing the sympathetic
hyperactivity caused by cocaine addiction. In
addition, the administration of DEX in critically-ill
patients also reduces the release of inflammatory
factors. Sympathetic excitability increases in the
early stage of AP, especially in the early stage of
SAP, and it is often accompanied by severe
inflammatory reactions.

Sympathetic inhibition of DEX may have a
certain significance in reducing inflammation.
This study found that DEX alleviated the degree
of inflammation in mice with mild and severe
pancreatitis, as reflected in decreases in serum-
related inflammatory factors such as TNF-a and
IL-1B. This may be due to activation of pre-
synaptic a2 receptor and inhibition of the
secretion of sympathetic norepinephrine. In
addition, being a selective a2 adrenergic receptor
agonist, DEX relies on agonistic a2 adrenergic
receptors to stimulate proinflammatory cells such
as leukocytes and macrophages, while inhibiting
the expression of Toll-like receptor 4, thereby
suppressing nuclear transcription and NF-KB
inflammatory response pathway [12,13].

In addition, this study has demonstrated that, in
mice with mild or severe pancreatitis, DEX
markedly reduced level of NLRP3 inflammasome
which is considered a crucial marker of AP
severity. The inhibition of DEX may be explained
vizz AP in mice produces stimulation of
sympathetic nerves, significant increases in
norepinephrine, and extremely severe
inflammatory response. These risk signals
stimulate the expression of NLRP3
inflammasome [14]. By inhibiting sympathetic
nerve activity, DEX reduces the production of
nociceptive cytokines, thereby inhibiting the
inflammatory pathway of NLRP3 and exerting
anti-inflammatory effect [15].

Sympathetic excitation releases a large amount
of norepinephrine, more than 80 % of which is
taken up by nerve endings via norepinephrine
transporter (NET). This protein transporter is
involved in regulating the concentration and
duration of norepinephrine released by
sympathetic nerves into the prominent gap [16].
This study found that the NET protein level in the
DEX group was markedly elevated, relative to
that in the pancreatitis group, indicating that DEX
regulated  norepinephrine levels in the
presynaptic membrane, and also decreased its
level in the protrusion space by increasing NET
expression, thereby reducing sympathetic nerve
activity. This achieved the purpose of reducing
inflammatory response in AP mice.

CONCLUSION

Dexmedetomidine (DEX) reduces the expression
levels of the inflammation-related factors, TNF-a
and IL-1B, and inhibits inflammatory response in
mice with AP. The mechanism involved in this
process may be related to the downregulation of
NET protein by inhibition of NLRP3 and
suppression of early sympathetic nerve activity.
These findings indicate that clinically, DEX may
be useful as a therapeutic target for alleviating
AP-associated inflammatory response through
blockage of early sympathetic nerve activity in
AP patients.
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