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Abstract

As immune sentinels of the central nervous system (CNS), microglia is pivotal cellular mediator of neuroinflamma-
tory processes. Activation of microglia might elicit the expression of proinflammatory cytokines involved in the pro-
gression of neuroinflammatory diseases. Numerous studies have demonstrated that propofol (2,6-diisopropylphenol)
has an effective anti-inflammatory property. Intermittent hypoxia (IH), as a result of obstructive sleep apnoea (OSA),
could lead to neuron damage and neuroinflammation in the CNS. Here, we determined the effects of propofol on the
inflammatory response in microglia during IH. The levels of nuclear factor-xB (NF-xB) inhibitor (IxB) and activated
p38 mitogen-activated protein kinase (MAPK) exposed to IH with or without propofol treatment were detected
by Western blot. The viability of cells exposed to various concentrations of propofol was monitored with MTT assay.
The production and mRNA levels of tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6) were evaluated by gRT-PCR
and ELISA, respectively. As results, IH exposure obviously promoted the activation of NF-kB/p38 MAPK signalling and
the secretion of TNF-a and IL-6. Propofol was not toxic to microglia. Compared with the control group, propofol atten-
uated the IH-induced activation of NF-kB and p38 MAPK, which accompanied with reduction of proinflammatory
cytokine secretion. These data suggested that propofol down-regulated the IH-induced secretion of proinflammatory
cytokine, and inhibit inflammatory responses in microglia, and might be involved in attenuation of the p38 MAPK
and NF-kB signalling pathways. Overall, propofol could contribute to alleviating IH-induced CNS diseases in patients
by inhibiting p38 MAPK and NF-xB mediated inflammation in microglia.
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Introduction sclerosis (ALS) [1,12]. Microglia are considered to be

Neuroinflammation mediated by the activation of
glia has been shown to be associated with the pro-
gressive neuronal damage in a variety of neurodegen-
erative diseases, such as Alzheimer’s disease (AD),
Huntington’s disease (HD), and amyotrophic lateral

the resident immune cells in the central nervous sys-
tem (CNS), which can be activated by various stimu-
li. Under inflammatory conditions, microglia will be
activated and play a vital role in regulating inflam-
matory reactions by releasing diverse inflammatory
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factors including cyclooxygenase-2 (COX-2), nitric
oxide (NO) and proinflammatory cytokines such as
interleukin-1 beta (IL-1B), necrosis factor-o. (TNF-v)
and interleukin-6 (IL-6) [5,17,20]. However, overac-
tive microglia lead to excessive secretion of neuro-
toxic mediators, which can result in severely detri-
mental neuronal damage and neurodegenerative
diseases. Consequently, blockade of the activation
of microglia could reduce subsequent neuroinflam-
mation, providing a promising therapy for the treat-
ment of inflammation-mediated neurodegenerative
diseases.

Propofol, with potent sedation/hypnotic proper-
ties, is a widely used intravenous agent for induction
and maintenance of anaesthesia, as well as sedation
in the intensive care unit [21]. Accumulated studies
suggested that propofol exhibits anti-inflammatory
effects. For instance, propofol inhibited inflamma-
tory responses in lipopolysaccharide (LPS)-induced
alveolar epithelial type Il cells [18]. And it attenuated
secretion of proinflammatory cytokines in a hepa-
tocyte nuclear factor-la-dependent manner [19].
Emerging reports suggested that propofol effectively
down-regulated inflammatory responses by inhibit-
ing the phosphorylation of nuclear factor-kB (NF-kB)
and p38 mitogen-activated protein kinase (MAPK)
[25,26,33]. Propofol blocked astrocyte activation
upon stimulation with LPS via presenting the NF-«kB,
p38 MAPK and extracellular signal-regulated protein
kinases (ERK) 1/2 pathways [33]. Moreover, propo-
fol exerted effectively anti-inflammatory properties
in human neuroglioma cells treated by sevoflurane
through suppressing the NF-xB signalling pathway
[26]. An earlier report supported that anti-inflamma-
tory mechanisms of propofol were shown through
decreasing the level of phosphorylated p38 MAPK
[25]. The anti-inflammatory property of propofol
in microglia has become one of the most exciting
research topics.

Intermittent hypoxia (IH), one of the pathophysio-
logic changes resulting from obstructions of the
upper airway during sleep, may play a key role in
the structural neuron damage in the CNS, especial-
ly excitotoxicity in hippocampal neurons [8,9,36].
Moreover, IH would lead to the up-regulation of ROS,
NO, and downstream pro-inflammatory responses
[2,30]. Thus, we investigated the effects of propofol
on the secretion of proinflammatory molecules in
IH-exposed microglia, and evaluated the activation
of NF-xB and p38 MAPK during these processes.

Folia Neuropathologica 2017; 55/2

of NF-xB/p38 MAPK signalling

Material and methods
Cell culture

BV2 microglial cells were provided by the State
Key Laboratory of Brain and Cognitive Science, Insti-
tute of Biophysics, Chinese Academy of Science.
The cells were seeded into six-well plates in Dul-
becco’s Modified Eagle Medium (DMEM) (Thermo
Scientific, Rockford, Illinois, USA) containing 10%
foetal bovine serum (Gibco, Grand Island, NY, USA),
1% penicillin, and 1% streptomycin (Invitrogen,
Shanghai, China), and incubated in a humidified 5%
CO, atmosphere at 37°C. After incubation for 24 h,
the cells were cultured with fresh medium and used
as microglia for later experiments.

Intermittent hypoxia exposure
and propofol treatment

Microglia cells in the IH exposure group were
maintained at 37°Cand 5% CO, in the hypoxic cham-
ber with shifted O, levels between 1% and 21% for
400 sec/cycle. Cells in the control group were cul-
tured at 5% CO, and normoxic conditions (21% O,).
Both groups were treated for 8 h.

Referring to the clinically relevant blood concen-
tration of propofol [10,22], different concentrations
of 0, 25, 50 and 100 pM of prepared propofol were
used to pre-treat the microglia 0.5 h prior to IH expo-
sure. Cells in the control group were treated with nei-
ther propofol nor IH.

Western blot

Cells were homogenized in lysis buffer and then
the total proteins were isolated through centrifug-
ing at 12,000 x g for 15 min at 4°C. Proteins were
separated by sodium dodecyl sulphate polyacryl-
amide gel electrophoresis (SDS-PAGE) and trans-
ferred to polyvinylidene fluoride (PVDF) membrane
(Amersham Life Science, West Chester, PA, USA).
The PVDF membrane was blocked in tetrapropyl
benzene sulfonate (TPBS) with 5% skimmed milk
for 2 h at room temperature. Followed by incuba-
tion with primary rabbit Monoclonal Antibodies (Cell
Signaling Technology, Beverly, MA, USA): anti-lxB
(cat. no. 4812, 1: 100), anti-p38 MAPK (cat. no. 9212,
1:1,000), anti-phosphorylated p38 MAPK (cat. no.
9211, 1 : 500), and mouse anti-B-actin (1 : 200) for
2-4 h at room temperature, respectively. Next, the
membranes were incubated with secondary anti-
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bodies for 1 h at room temperature. The blotting sig-
nals were detected using enhanced chemilumines-
cence (ECL) reaction reagents.

MTT assay

The effect of propofol on cell viability was deter-
mined with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) kits (Sigma-Aldrich, St.
Louis, MO, USA). Cells in various concentrations of
the propofol pre-treated group and the control group
were plated at a density of 4 x 10° per well, and
incubated for 8 h. Then, 10 ul MTT solution was add-
ed to each well and continued to incubate for 4 h.
The supernatant was removed when the reaction ter-
minated. Finally, the optical density (OD) at 570 nm
was measured by a microplate reader (Bio-Rad 550,
California, USA).

qRT-PCR

Total RNA was extracted from microglia with
Trizol reagent (Invitrogen, Shanghai, China) and
reverse transcribed to complementary DNA (cDNA)
by using RNA PCR kit (Takara, Shiga, Japan) accord-
ing to the instructions described by the manufac-
turer. gRT-PCR was performed in the 7500 Fast Real
Time PCR System (Applied Biosystems, Foster City,
CA, USA). Relative gene expression was done by
the comparative CT method with B-actin gene as
the internal control. The primer sequences were as
follows: B-actin-F (5° CCGCCACCAGTTCGCCATG 3)
and B-actin-R (5° AGGAAGAGGATGCGGCAGTGG 37);
TNF-a-F (5° GCCTCTTCTCATTCCTGCTCGT 3’) and
TNF-a-R (5° GCTGACGGTGTGGGTGAGGA 3’); IL-6-F
(5 AAATGCCAGCCTGCTGACGAAC 3°) and IL-6-R
(5" AACAACAATCTGAGGTGCCCATGCTAC 3’). The fol-
lowing PCR condition was applied: 95°C for 30 sec,
40 cycles at 95 °C for 5 sec, and 60°C for 30 sec.
The relative expression fold change of mRNAs was
calculated using the 27224t methods.

ELISA

The levels of proinflammatory cytokines (TNF-a
and IL-1B) were detected using TMB enzyme-linked
immunosorbent assay (ELISA) kit (Enzyme-linked Bio-
technology Co., Ltd, Shanghai, China) according to the
manufacturer’s protocol. The absorbance was detect-
ed at 450 nm in a microplate reader (Bio-Rad 550,
California, USA).
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Statistical analysis

All experiments were repeated three times, and
data were expressed as the means + standard error
of the mean. Significant differences were evaluated
by one-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison post hoc analysis
using GraphPad Prism 5. P < 0.05 was considered
statistically significant.

Results

Intermittent hypoxia-induced
activation of NF-kB/p38 MAPK
signalling and expressions of TNF-a
and IL-6

Considering that the activity of NF-xB was
involved in phosphorylation of p38 MAPK and
expression of NF-xB inhibitor, IxB, western blot
was conducted to identify the level of phosphory-
lated p38 MAPK and the expression level of IkB in
IH treated microglia. The results showed that the
phosphorylation level of p38 MAPK was dramati-
cally increased with IH treatment for 8 h, while the
expression level of IkB was significantly decreased
with IH treatment for 4 h, especially after treatment
with IH for 8 h (Fig. 1A). These results indicated that
NF-xB signalling pathway was activated by IH treat-
ment.

Since NF-xB is a potent regulator of the expres-
sion of proinflammation cytokines including TNF-o
and IL-6, and the expressions of these two proin-
flammatory cytokines are dramatically induced by
IH, we detected the mRNA levels of TNF-a and IL-6 in
microglia with IH treatment by qRT-PCR. Compared
with normal conditions, IH exposure gave rise to
obviously increased TNF-a (p < 0.05) and IL-6 mRNA
levels (p < 0.05) (Fig. 1B). Furthermore, we measured
secretion levels of TNF-a and IL-6 in the serum by
ELISA. Consistent with the gRT-PCR, IH-induced
remarkably secretions of TNF-a. (p < 0.001) and IL-6
(p < 0.05) (Fig. 10), confirming that IH could induce
inflammatory response in microglia.

Non-cytotoxicity of propofol to
BV2 microglia

To further investigate the effect of propofol
on IH-induced activation of NF-xB signalling and
inflammatory response, cytotoxic effects of propofol
were monitored by evaluating the alteration in the
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Fig. 1. Effect of intermittent hypoxia (IH) on activation of NF-kB/p38 MAPK signalling and expressions of
TNF-a and IL-6. A) Effects of IH on p38 MAPK phosphorylation and IkB expression were assayed by western
blot. B) Effects of IH on TNF-a and IL-6 mRNA levels were demonstrated by gRT-PCR. C) Effects of IH on TNF-a.
and IL-6 protein levels were demonstrated by ELISA analysis. Data are presented as the mean + standard
error of the mean. *p < 0.05, **p < 0.001. p-38 — p-38 MAPK, p-p38 — phosphorylated p-38 MAPK, kB —inhib-
itor of NF-«kB, TNF-o. — tumor necrosis factor-a, IL-6 — interleukin-6.

viability of microglia via the MTT assay. Compared
with controls, there was no significant difference
in the viability of BV2 microglia with treatment of
diverse concentration (0-250 pM) of propofol (Fig. 2).

Propofol attenuated intermittent
hypoxia-induced activation of NF-xB/
p38 MAPK signalling in microglia

To examine whether propofol exerts any effects
on the phosphorylation level of p38 MAPK and the
expression level of kB in microglia during IH expo-
sure, we investigate the protein levels using west-
ern blot. Without IH exposure, the phosphorylation
of p38 MAPK remains at a relatively low level, while
IH obviously improved the phosphorylation level of
p38 MAPK in microglia, and this effect was partially
suppressed by pre-treatments with different concen-
trations of propofol (25 uM, 50 uM, 100 uM) (Fig. 3).
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Correspondingly, compared with the controls, IH dra-
matically decreased the level of IkB, this effect was
alleviated with propofol pre-treatment in a concen-
tration-dependent manner. With pre-treatment of
50 pM propofol following IH stimulation, the lev-
el of IkB increased a little, and the effect was the
most notable with pre-treatment of 100 uM propofol
(Fig. 3). These observations suggested that propofol
could interfere with the IH-induced NF-«xB signalling
through regulating the phosphorylation level of p38
MAPK and the expression level of lkB.

Propofol suppressed intermittent
hypoxia-induced TNF-a and IL-6
production in microglia

To investigate whether pre-treatment with propo-
fol could inhibit IH-induced production of TNF-o. and
IL-6 in microglia, we measured the mRNA expression
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Fig. 4. Effects of propofol on IK-induced TNF-a. and IL-6 expression. A) TNF-ae mRNA level was detected by
gRT-PCR. B) IL-6 mRNA level was detected by gRT-PCR. C) TNF-a protein level was detected by ELISA analy-
sis. D) IL-6 protein level was detected by ELISA analysis. Data are presented as the mean + standard error of
the mean. *p < 0.05, **p < 0.001, ***p < 0.001. TNF-a — tumor necrosis factor-a, IL-6 — interleukin-6.
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level of TNF-a. and IL-6 after microglia treatment
with IH in the presence or absence of propofol via
gRT-PCR. IH exposure led to a remarkable increase
in the TNF-a (p < 0.001) and IL-6 (p < 0.001) levels
(Fig. 4A and B). Propofol at a concentration of 25 pM
had no effect on IH-induced mRNA levels of TNF-a
and IL-6. However, propofol at a concentration of 50
or 100 uM significantly suppressed the IH-induced
TNF-a level (p < 0.05) (Fig. 4A), and pre-treatment
with 100 uM propofol remarkably reduced IH-induc-
ed IL-6 level (p < 0.05) (Fig. 4B). Furthermore, the
secretion amount of TNF-a and IL-6 into serum
under aforementioned conditions were determined
by ELISA. We found that IH exposure gave rise to an
extremely remarkable rise of TNF-a (p < 0.0001) and
IL-6 (p < 0.0001) in serum, and these effects were
obviously attenuated by pre-treatment with 100 uM
propofol (Fig. 4C and D).

Discussion

Microglia, as resident immune cells of the CNS,
would be activated under inflammatory conditions
and followed by inflammatory cascade in the CNS
[4,23]. Previous reports confirmed that IH can lead
to the activation of microglia and further induce
neuron dysfunction and neuroinflammation [32].
Recently, the anti-inflammatory property of propofol
has attracted increasing attention. A wealth of infor-
mation linking that propofol prohibited inflammato-
ry response through preventing the NF-xB and p38
MAPK signalling and then reducing the release of
inflammatory mediators is published [25,26]. In addi-
tion, emerging evidence showed that propofol selec-
tively attenuated the activation of NF-xB and p38
MAPK in vascular endothelium during IH exposure
[16]. The effect of propofol on IH treated microglia was
still unclear. Thus, in the current study, we focused on
microglia and examined whether propofol exerts an
efficient effect on microglia exposed to IH.

Among the inflammatory mediators induced by
activated microglia, TNF-a and IL-6 are two of the
main proinflammatory cytokines. TNF-a plays a core
role in the proinflammatory cytokines and its tempo-
rary existence will promote the secretion of IL-1, IL-6,
and other secondary inflammatory mediators. IL-6
could serve a dual function by also causing inflam-
mation and resisting inflammation. Considering that
its clearance rate is far below than that of other
cytokines, the level of IL-6 can reflect the severity
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of the disease and prognosis. Overproduction of
TNF-a. and IL-6 can cause various neurodegenera-
tive diseases, including AD and Parkinson’s disease
(PD) [3,29]. It has been reported that propofol can
inhibit the release of inflammatory factors such as
TNF-a and IL-6 [11,27]. This study first reported that
propofol significantly reduced the IH-induced secre-
tion of proinflammatory cytokines, TNF-a and IL-6,
in microglia.

NF-xB, a pleiotropic regulator involved in micro-
glial cell responses, can suppress the production of
proinflammatory enzymes and cytokines, including
NO, PGE2, TNF-a. and IL-6 [13,24,34]. Under normal
circumstances, NF-kB binds to IkB to form an inac-
tive heterodimer in the cytoplasm. While suffer-
ing from inflammation, IkB is phosphorylated and
subjected to degradation by proteasomes. Conse-
quently, NF-xB will be disassociated from kB and
translocate into nucleus, followed by the activation
of NF-kB-dependent proinflammatory molecules
[6,7]. It has been demonstrated that propofol sup-
presses the IH-induced NF-«xB activity by preventing
the phosphorylation of IkB and accompanied by
down-regulated secretion of proinflammatory cyto-
kines in the vascular endothelial cells [16].

Additionally, MAPKs, including the extracellular
signal-regulated kinase (ERK), the c-jun NH2-termi-
nal kinases (JNK) and the p38 MAPK, can be phos-
phorylated and then positively regulate the expres-
sion of inflammatory genes and cytokines [31,35].
Among these, p38 MAPK acts as a crucial regulator
for the production of NF-kB-mediated proinflamma-
tory cytokines and other mediators [15]. Glaucoca-
lyxin A (GLA) can inhibit pro-inflammatory cytokines
expression in microglial cells through NF-xB and p38
MAPK signalling pathways [14]. A recent report clar-
ified that triroside attenuated the neuroinflamma-
tion in microglia via NF-kB and p38 MAPK signalling
pathways [28]. Furthermore, propofol suppressed
the NF-kB-mediated inflammation by prohibiting
the activation of p38 MAPK in IH-treated vascular
endothelium [16]. Consistently with previous reports,
IH-induced activation of NF-kB and p38 MAPK both
were dramatically reduced by propofol treatment in
the present study. Combined with all the results, we
showed that propofol alleviates IH-induced secretion
of proinflammatory cytokines in microglia probably
via inhibiting NF-xB and p38 MAPK signalling.

In conclusion, the present study highlighted the
crucial role of propofol in hampering IH-induced

129



Song Liu, Jin-Yuan Sun, Lian-Ping Ren, Kui Chen, Bo Xu

microglia inflammation, which would result in serious
neuron damage and dysfunction and further leads to
neurodegenerative diseases. Therefore, propofol with
the effect of neuroprotection is a novel therapeutic
objective for neurodegenerative disorders.
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