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A b s t r a c t

Microglia, as the first line of defence of the central nervous system (CNS), has a major role in inflammatory response. 
It was reported that isoflurane has a neuroprotective role in the pathological process of CNS by interfering with 
inflammatory response. While the mechanism and function of isoflurane in microglia-mediated inflammation are 
still not clearly articulated. In our study, the inflammation model was established by the activation of lipopolysac-
charide (LPS) in BV2 cells in vitro. The results demonstrated that isoflurane inhibited the release of nitric oxide (NO) 
and enhanced the survival of BV2 cells, meanwhile, isoflurane reduced the levels of inflammatory factors and down-
regulated the expressions of inflammation-related genes and proteins in LPS-mediated BV2 cells. Furthermore, we 
demonstrated that overexpression of high-mobility group box 1 protein (HMGB1) could reverse the reduction in NO 
concentration, enhancement of cell BV2 viability and inhibition of inflammatory response, which were mediated by 
isoflurane in LPS-induced BV2 cells. Therefore, we suggested that isoflurane inhibits the activation of LPS-induced 
neuro microglia and reduces the release of inflammatory factors by regulating HMGB1, suggesting that isoflurane 
might play a protective role in LPS-induced neuroinflammation through the HMGB1 pathway.
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Introduction

Microglia are the immune effector cells of the 
central nervous system (CNS) after activation [15]. 
Microglia are involved in brain diseases such as 
brain injury, inflammation, multiple sclerosis, Alzhei-
mer’s disease and recurrent seizures [3,7]. Appro-
priate inhibition of microglial cell activation at the 
early stage can reduce the pathological damages 
caused by its activation. Therefore, understanding 
the molecular mechanism of microglial cell activa-

tion is conducive to formulating effective therapeu-
tic strategies.

Isoflurane, as one of the representative drugs of 
inhaled anaesthetics, is widely used in clinical anaes-
thesia due to its good anaesthetic effect, ease of 
adjusting the anaesthetic depth, light effect on circu-
lation, low toxicity, and rapid induction and recovery 
[2,27]. Isoflurane can prevent N-methyl-D-aspartic 
acid (NMDA) receptors and activate γ-amino butyric 
acid (GABA) receptors to cause nerve cell depolariza-
tion and Ca2+ influx, which promotes activation of 
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caspase-3 and causes neuronal toxicity [18]. Stud-
ies have demonstrated that isoflurane pretreatment 
can relieve neuron damage by increasing M2 micro- 
glia cells and reducing inflammatory factors in brain 
tissues [14,31,37]. More and more studies have also 
demonstrated that isoflurane has a definite neuro-
protective effect in vivo and in vitro [23,32]. Isoflu-
rane has therapeutic significance in some diseases 
related to nerve damage (such as cerebral ischemia, 
hypoxia, brain injury, etc.) [12,40]. Therefore, isoflu-
rane post-treatment therapy is expected to become 
one of the treatment strategies of CNS disorders. 
Further studies on the neuroprotective mechanism 
of isoflurane will provide a new idea for the clinical 
treatment of CNS disorders. 

Recently, it has been found that the combined 
application of isoflurane under different brain meta-
bolic conditions had no significant effect on glutam-
ic acid and NMDA receptor-mediated calcium influx 
[28]. It was suggested that the decrease in the cere-
bral metabolic rate is only one of the mechanisms of 
the neuroprotective effect of inhaled anaesthetics. 
At present, the pathophysiological processes of CNS 
disorders include excitatory amino acid poisoning, 
oxidative stress, intracellular calcium overload and 
apoptosis [4,17]. However, experimental or clinical 
treatment for the above mechanisms cannot com-
pletely control the pathological progress of CNS dis-
orders. That suggests that there may be other mech-
anisms involved in the occurrence and development 
of CNS disorders. In recent years, it has been pointed 
out that the mechanism of immune inflammation 
has a vital contribution to the pathological mecha-
nism of CNS disorders [11,35].

A wide array of studies have verified that isoflu-
rane has a neuroprotective effect by inhibiting the 
immune inflammatory response [1,8,39]. In particu-
lar, among many inflammatory-related factors, high 
mobility group proteins (HMG, high mobility group 
protein) play an important role in nervous system 
diseases [29]. The HMG protein family can widely 
participate in a variety of crucial nuclear biological 
functions, including DNA replication, transcription, 
recombination and repair, etc. [30]. According to its 
structure, HMG protein can be divided into HMGB, 
HMGA and HMGN [36]. Among them, HMGB1 is the 
most abundant protein in the HMG family. Intra-
nuclear HMGB1 can facilitate DNA replication and 
gene transcription [16]. Extracellular HMGB1, as an 
inflammatory mediator, can activate macrophages, 

monocytes and endothelial cells, release inflamma-
tory cytokines, such as interleukin (IL)-1β, IL-6, IL-8 
and tumour necrosis factor α (TNF-α), and further 
stimulate and maintain inflammatory response [26]. 
In addition, HMGB1 receptors, such as receptor for 
advanced glycation end products (RAGE), Toll-like 
receptor (TLR) 4, TLR2, can mediate HMGB1 to par-
ticipate in the immune response [34]. However, iso-
flurane plays a neuroprotective role in the pathologi-
cal process of CNS disorders through HMGB1 and its 
extremely related receptor pathway is rarely report-
ed. We hypothesized that isoflurane post-treatment 
may play a neuroprotective role in the pathological 
process of CNS disorders by inhibiting HMGB1 and 
its receptor (RAGE, TLR2, TLR4) pathway. 

In our study, microglia cells were used as an 
experimental model to explore whether the neuro-
protective effect of isoflurane is in connection with 
the HMGB1 pathway.

Material and methods
Cell culture and study design

Mouse microglia cells (BV2 cells) were purchased 
from Cell Center, Institute of Basic Medicine, Chi-
nese Academy of Medical Sciences. Briefly, the BV2 
cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, Thermo Fisher Scientific, Waltham, 
MA, USA) supplied with 10% foetal bovine serum 
(FBS, Thermo Fisher Scientific, Waltham, MA, USA), 
100 units/ml penicillin, and 100 μg/ml streptomy-
cin (Thermo Fisher Scientific, Waltham, MA, USA) 
at 37°C with 5% CO2. The complete DMEM medium 
was changed once a day and cells passed it every 
3 days. When the cells confluenced to about 80%, 
BV2 cells were treated with 0.1 μg/ml, 1 μg/ml and 
10 μg/ml LPS (Sigma, St. Louis, MO) for 4 hrs, the BV2 
cells were also treated with 0.1 μg/ml, 1 μg/ml and 
2 μg/ml isoflurane (Invitrogen, China) for 24 hrs. The 
concentration of isoflurane was determined based 
on previous literature reports [39,41].

Plasmid construction and transfection

Firstly, the BV2 cell inflammatory model was 
established by selecting an appropriate concentra-
tion of LPS, and was treated with an appropriate 
isoflurane concentration that have a  significant 
protective effect on cells. Secondly, an HMGB1 over-
expression plasmid and pcDNA3.1-HMGB1 were 
commercially constructed by GenePharma (Shang-
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hai, China), and empty pcDNA 3.1 vector (NC) was 
used as a control group. To establish cell lines with 
transient overexpression of HMGB1 and BV2 cells 
(2 × 105 cells/well) were seeded in a 6-well plate and 
incubated for 12 hrs at 37°C. And then the cells were 
transfected with 10 μg pcDNA3.1-HMGB1 plasmid 
or control pcDNA3.1 vector using the Lipofectamine 
3000 reagent (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufac-
turer’s protocol. Forty-eight hrs after transfection, 
BV2 model cells were treated with isoflurane in fresh 
medium and incubated for 24 hrs (at 37°C, 5% CO2), 
after which the samples were subjected to analysis.

MTT assay

BV2 cells were inoculated into 96-well plate at 
a density of 1 × 104/ml and then randomly divided 
into different groups in different experiments. The 
cells in the control group were cultured normally and 
isoflurane was added 1 h after LPS. After incubation 
for 24 hrs at 37°C, cells from each well were add-
ed with 10 μl MTT solution (5 mg/ml; Sigma, USA, 
Cat. no. M-2128), respectively. The medium was 
supplemented to 100 μl incubated for 4 hrs, then 
the culture medium was sucked out. The absor-
bance OD (570) was measured by adding 150 μl 
DMSO to each well. The formula of the cell survival 
rate was as follows: cell survival rate (%) = [experi-
mental group OD (570)-zero adjustment group OD 
(570)] / [control group OD (570)-zero adjustment 
group OD (570)] × 100%.

Griess 

BV2 cells were inoculated at a  density of 1 × 
105 cells/ml on 24-well plates. After the cells were 
adhered to the wall, the cells were treated with differ-
ent concentrations of LPS (0.1, 1.0 and 10.0 μg/ml). 
BV2 cells were stimulated by LPS for 24 hrs. Accord-
ing to the standard of 50 μl per well, the cell serum 

and standard of each group were added to the 
enzyme standard plate, and then 50 μl of Griess 
Reagent I and 50 μl of Griess Reagent II were added 
to each well. Then absorbance OD (540) was mea-
sured. The content of NO in the sample was deter-
mined according to the standard curve.

Real time reverse transcription 
polymerase chain reactions 
(RT-qPCR) assay

Total RNA was extracted with an RNA extraction 
kit (Fastagen, Shanghai, China) according to the man-
ufacturer’s protocol. The isolated RNA was reversely 
transcribed into cDNA using PrimeScript™RT Master 
Mix (TaKaRa, Dalian, China). The RT-qPCR assay was 
performed using synthetic primers and AceQ Uni-
versal SYBR qPCR Master Mix (TaKaRa, Dalian, Chi-
na). Cycle time values were measured. The following 
2-stage program provided by the manufacturer was 
used as follows: 5 min at 95°C, 15 s at 60°C, and 
then 40 cycles of 10 s at 95°C and 30 s at 60°C. Each 
sample was tested in triplicate, and the analyses of 
the relative gene protocol expression data using the 
2-DDct method were performed [21]. The sequences 
of the primer pairs is presented in Table I.

Enzyme-linked immunosorbent assay 
(ELISA)

BV2 cells were inoculated into 24-well plates at 
a  density of 5 × 104 cells/ml. After the cells were 
adhered to the wall and treatments with different 
experiments were performed, lysates were centri-
fuged at 12,000 rpm for 20 mins at 4°C, and the lev-
el of IL-1β, TNF-α and IL-6 in the cells was measured 
using ELISA kit (MyBioSource, CA, USA). 

Western blotting analysis

An ultrasonic cell crusher was used to crack the 
cells, and Eppendorf centrifuge was used to centrifuge 

Table I. The sequences of primers in the RT-qPCR assay

Genes Forward (5'-3') Reverse (5'-3')

HMGB1 GAAGAGGAGGAAGAAGAGGA GCAAGGTTAGTGGCTATTGA

RAGE TGAGGCCAAATCGTGGGACATGT GTTCAAATGTGACCAATTTG

TLR2 CAGTGGCAACGCTATAGTTCTC GTGATAGGTGGTGCACAGATAG

TLR4 GTAAAGCTAAGCGGCCTAAT AGGGCCCTATTGGCGTTAAGC

GAPDH AGAACATCATCCCTGCATCC CACATTGGGGGTAGGAACAC
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the lysates at 12,000 rpm for 20 mins at 4°C. Protein 
concentrations were measured using the BCA Protein 
Assay Kit (Beyotime, Shanghai, China). Samples (40 μg 
per lane) were separated via sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) 
and electro transferred to a polyvinylidene difluoride 
membrane (Millipore, CA, USA). The membrane was 
blocked using 5% bovine serum albumin for 1 h at 
37°C and incubated overnight at 4°C with prima-
ry antibodies. The following antibodies were used: 
HMGB1 (Cell Signaling Technology, Beverly, MA, USA), 
RAGE (Abcam, CA, USA), TLR2 (Proteintech, Wuhan, 
China) and TLR4 (Cell Signaling Technology, Beverly, 
MA, USA). Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH, Goodhere Biotechnology, Hangzhou, 
China) was used as an internal reference. The mem-
brane was washed three times for 5 mins in tris-buff-
ered saline (TBS) + Tween 20 and incubated with the 
appropriate horseradish peroxidase-conjugated sec-
ondary antibody (Beyotime, Shanghai, China) for 1 h 
at 37°C. Densitometry analysis was performed using 
the ChemiDoc detection system and Quantity One 
software (Bio-Rad, CA, USA).

Immunofluorescence assay

Briefly, immunofluorescence staining was carried 
out to analyse the distribution of HMGB1 protein in 
the treated BV2 cells. Microwave ovens were used 
for antigen retrieval in a citrate solution for 20 mins. 
Endogenous peroxidase activity was blocked using 
3% hydrogen peroxide for 15 mins and rinsed in PBS. 
The glass slides that had crawled cells dripped with 

the sealing solution (5% donkey serum, Solarbio Sci-
ence and Technology Co., Ltd., Beijing, China) at room 
temperature for 30 mins. Each slide was dripped 
with a sufficient amount of diluted antibody and put 
into a wet box, incubated at 4°C for the secondary 
antibodies (1 : 200, Proteintech, Wuhan, China) for 
1 h at room temperature. Cell nuclei were stained with 
4’,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich, 
CA, USA). Fluorescence images were captured using 
a fluorescence microscope system (Leica, Germany).

Statistical analysis

GraphPad Prism 6.0 software was used for the 
statistical analyses. Data were represented as a mean 
± standard deviation (SD). The measurements were 
normally analyzed using either t-test or one-way anal-
ysis of variance (ANOVA). A p value less than 0.05 was 
considered to be statistically significant.

Results

Establishment of BV2 cell inflammatory 
injury model induced by LPS

To establish an inflammatory cell model, BV2 cells 
were treated with 0.1, 1.0 and 10.0 μg/ml LPS for 
4 hrs. The release of NO was evaluated in LPS-treated 
BV2 cells, and the results indicated that the level of 
NO was significantly elevated in BV2 cells treated with 
LPS relative to BV2 cells treated with equivalent medi-
um (control), and the concentration of NO was gradu-
ally increased with the increase of LPS concentration 
(p < 0.05, p < 0.001, Fig. 1A). In order to ensure the suc-
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Fig. 1. Establishment of the BV2 cell inflammatory injury model induced by LPS. A) The effect of different 
concentrations of LPS on the release of NO from BV2 cells. B) The effects of LPS on the activity of BV2 cells. 
*p < 0.05, **p < 0.01, ***p < 0.001 vs. control group. 
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cessful modelling of the inflammatory injury model, the 
cell survival rate was assessed in BV2 cells after LPS 
treatment. The results showed that the cell survival rate 
was significantly reduced in LPS treatment compared to 
the control group (p < 0.01, p < 0.001, Fig. 1B). In com-
bination with a large number of literature reports, it was 
confirmed that BV2 cells were exposed to 1.0 μg/ml LPS 
for the follow-up experiment. 

Isoflurane inhibits the release 
of inflammatory factors from BV2 cells 
mediated by LPS

To further investigate the effects of isoflurane 
on the LPS-induced BV2 cells, LPS-induced BV2 cells 
were treated with 0.1 μg/ml, 1 μg/ml and 2 μg/ml 
isoflurane. The release of NO and survival rate of 
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Fig. 2. Isoflurane inhibits the release of inflam-
matory factors from BV2 cells activated by LPS. 
A) The effect of different concentrations of iso-
flurane on the release of NO from BV2 cells;  
B) The effects of LPS and isoflurane the activi-
ty of BV2 cells; C-E) The effect of isoflurane on 
the release of IL-6, IL-1 and TNF-α. **p < 0.01,  
***p < 0.001 vs. control group; #p < 0.05,  
##p < 0.01, ###p < 0.001 vs. LPS group.
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LPS-induced BV2 cells were examined after treat-
ment with different concentrations of isoflurane. As 
shown in Figure 2A, the concentration of NO was 
markedly increased in the LPS group compared with 
the control group, indicating that LPS promoted the 
release of NO; while the increase in NO concentra-
tion could be weakened by isoflurane treatment 
(p < 0.05, p < 0.01, p < 0.001). Meanwhile, we proved 
that LPS significantly reduced the survival rate of 
BV2 cells, while the reduction in the survival rate 
of BV2 cells could be reversed by isoflurane, and as 
the concentration of isoflurane increases, the rever-
sal effect gradually increased (p < 0.05, p < 0.01, 
p < 0.001, Fig. 2B). The results proved that isoflu-
rane could protect BV2 cells in the resting state or 
1.0 μg/ml LPS in the dose range used in this exper-
iment. In addition, the influence of isoflurane on 
inflammatory factors was confirmed. The results 

revealed that the concentrations of IL-6, IL-1β and 
TNF-α were dramatically increased in the LPS group 
in comparison to the control group, while the levels 
of inflammatory factors were significantly decreased 
in LPS-induced BV2 cells after isoflurane treatment 
group compared to LPS-induced BV2 cells (p < 0.05, 
p < 0.01, p < 0.001, Fig. 2C-E). Therefore, isoflurane 
could inhibit the inflammatory response of LPS-in-
duced BV2 cells in a dose-effect relationship.

Isoflurane downregulated HMGB1, 
RAGE, TLR4 and TLR2 expressions 
in LPS-mediated BV2 cells

In order to confirm whether isoflurane plays an 
anti-inflammatory role through HMGB1/TLRs signalling 
pathway, RT-qPCR and western blot assays were carried 
out to confirm the expression changes of HMGB1, RAGE, 
TLR4 and TLR2 in LPS-mediated BV2 cells. Our results 

Fig. 3. Isoflurane downregulated HMGB1, RAGE, TLR4 and TLR2 expressions in LPS-mediated BV2 cells. The 
mRNA expression levels of HMGB1 (A), RAGE (B), TLR4 (C) and TLR2 (D) were analysed by RT-qPCR assay. 
**p < 0.01, ***p < 0.001 vs. control group; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. LPS group. 
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Fig. 4. The effects of isoflurane on HMGB1, 
RAGE, TLR4 and TLR2 protein expressions in BV2 
cells induced by LPS. A) Western blot was used 
to examine the expression levels of HMGB1, 
RAGE, TLR4 and TLR2. B) The relative protein 
expression of HMGB1, RAGE, TLR4 and TLR2 
were quantified with ImageJ software. C) Local-
ization of HMGB1 was detected by microscopy, 
Magnification: 200×, n = 3; D) The fluorescence 
intensity of HMGB1 was measured with Image-
Pro Plus software. **p < 0.01, ***p < 0.001 vs. 
control group; #p < 0.05, ##p < 0.01, ###p < 0.001 
vs. LPS group.
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Fig. 5. Isoflurane inhibits LPS-induced activa-
tion of BV2 cells through the HMGB1 pathway.  
A) The effect of different concentrations of iso-
flurane on the release of NO from BV2 cells;  
B) The effects of LPS and isoflurane on the activ-
ity of BV2 cells; C-E) The effect of isoflurane on 
the release of IL-6, IL-1 and TNF-α. *p < 0.05, 
**p < 0.01, ***p < 0.001 vs. control group; 
#p < 0.05, ##p < 0.01 vs. LPS group; &p < 0.05, 
&&p < 0.01 vs. LPS + ISO + NC group. NC – neg-
ative control.
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indicated that HMGB1, RAGE, TLR4 and TLR2 expres-
sions were markedly upregulated in the LPS group vs. 
the control group, while the upregulations of HMGB1, 
RAGE, TLR4 and TLR2 expressions were then inhibited 
by isoflurane in LPS-induced BV2 cells (p < 0.05, p < 0.01,  
p < 0.001, Figs. 3 and 4A-B). Moreover, the results of 
the immunofluorescence assay further showed that 
isoflurane markedly suppressed HMGB1 expression 
in LPS-induced BV2 cells, and the level of HMGB1 
expression was gradually reduced with the con-

centration increasing, besides, HMGB1 protein was 
mainly distributed in the nucleus (p < 0.05, p < 0.01,  
p < 0.001, Fig. 4C-D).

Isoflurane inhibits LPS-induced 
activation of BV2 cells through HMGB1 
pathway

In order to further confirm whether isoflurane 
plays an anti-inflammatory role through HMGB1 
signalling pathway, HMGB1 overexpression adeno-
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viruses were selected for transfected BV2 cells and 
we further explored the roles of HMGB1/TLRs signal-
ling pathway in the inhibitory effect of isoflurane on 
LPS-activated neuro microglia (BV2 cells). Firstly, our 
results revealed that the release of NO was notably 
prevented by isoflurane in LPS-induced BV2 cells, 
while overexpression of HMGB1 observably blocked 
this protective effect of isoflurane and then acceler-
ated the release of NO (p < 0.05, p < 0.01, Fig. 5A). 
Secondly, we proved that overexpression of HMGB1 
could reduce the survival rate, which was facilitat-
ed by isoflurane treatment in LPS-induced BV2 cells 
(p < 0.05, p < 0.001, Fig. 5B). Besides, our results indi-
cated that overexpression of HGBM1 could attenu-
ate the inhibitory effects of isoflurane on the con-
centrations of TNF-α, IL-1β and IL-6 in LPS-induced 

BV2 cells (p < 0.05, p < 0.01, p < 0.001, Fig. 5C-D). 
Moreover, our results disclosed that HMGB1, RAGE, 
TLR4 and TLR2 expressions, which were inhibited by 
isoflurane treatment in LPS-induced BV2 cells, could 
be significantly reversed by HMGB1 overexpression  
(p < 0.05, p < 0.01, p < 0.001, Figs. 6 and 7A-B).

Discussion

A  large number of literature studies have con-
firmed that LPS activates microglia and promotes 
the increase in pro-inflammatory cytokines such 
as TNF-α, IL-1β and IL-6. It was further found that 
pro-inflammatory factors combined with surface 
antibodies against dopaminergic neurons initiated 
an intracellular inflammatory cascade reaction and 
induced the death of dopamine neurons [20,33]. 
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Fig. 6. Isoflurane decreased LPS-induced HMGB1, RAGE, TLR4 and TLR2 expressions in BV2 cells by HMGB1. 
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Fig. 7. Identification of HMGB1, RAGE, TLR4 and 
TLR2 protein expressions in LPS-treated BV2 cells 
after treatment with isoflurane and Ad-HMGB1. 
A) Western blot was carried out confirm the protein 
expression levels of HMGB1, RAGE, TLR4 and TLR2. 
B) HMGB1, RAGE, TLR4 and TLR2 expressions were 
quantified using ImageJ software. C) Localization of 
HMGB1 was assessed by microscopy, Magnification: 
200×; D) The fluorescence intensity of HMGB1 was 
measured with Image-Pro Plus software. **p < 0.01, 
***p < 0.001 vs. control group; #p < 0.05, ##p < 0.01, 
###p < 0.001 vs. LPS group; &p < 0.05, &&p < 0.01 vs. 
LPS + ISO + NC group. NC – negative control.
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The serum of activated BV2 cells contains a  large 
number of inflammatory factors, including TNF-α, 
IL-1β, and IL-6. Our study has shown that treatment 
with isoflurane can decrease inflammatory factors, 
including TNF-α, IL-1β, and IL-6. TNF-α is an inflam-
matory mediator which plays a  central role in the 
initiation and regulation of other inflammatory toxic 
factors, and can induce the secretion of IL-1β, IL-6 
and other inflammatory factors [6]. The inflamma-
tory process stimulated by IL-1β is usually harmful 
and also strengthens the damage caused by other 
inducers. This phenomenon may occur by direct-
ly injuring neurons or interfering with neurotroph-
in-mediated neuronal survival [10]. Interleukin 6 is 
another key member of the IL-6 family, which can 
regulate immune response and participate in inflam-
matory processes. Moreover, when the expression of 
TNF-α, IL-1β and IL-6 was blocked, the severity of 
neurodegenerative diseases could also be improved. 
Therefore, inhibiting the level of inflammatory fac-
tors can slow down or even prevent the degenera-
tion of dopaminergic neurons. 

It has been confirmed that LPS induced activa-
tion of BV2 cells and released pro-inflammatory 
cytokines and cytotoxicity factors, such as TNF-α, 
IL-6 and IL-1β [13,20]. BV2 cells are the most wide-
ly used microglial cell lines and can replace prima-
ry microglial cells in immune function, which have 
been widely used in neuroinflammation. In agree-
ment with the previous study [5], our data showed 
that the TLRs pathway was activated and involved 
in the neuroinflammation in the early period after 
LPS induction. The expression of HMGB1, RAGE, and 
TLRs protein in BV2 cells which due to treatment by 
isoflurane was significantly lower than in the control 
group; this suggested that isoflurane may inhibit the 
activation of microglia through TLR4 pathway. Sev-
eral reports have independently demonstrated that 
TLR2/4 and RAGE were involved in the inflammatory 
responses [9]. Therefore, it is likely that both TLR2/4 
and RAGE mediate the action of HMGB1. 

TLRs, a  family of pattern recognition receptors, 
play a  pivotal role in the inflammatory response. 
TLR4, a key member of the TLRs, is highly expressed 
on microglia [42]. It can be activated by endogenous 
ligands released from various cells, such as HMGB1. 
It can be seen that TLR4 plays an indispensable role in 
the activation of microglia. TLR4-mediated microglia 
activation can reduce neuroinflammatory response 
to a  certain extent. HMGB1, as the downstream 

junction protein of TLR4, was similar to TLR4, which 
is a novel, cytokine-like, and ubiquitous, highly con-
served, nuclear protein that can be actively secreted 
by microglia or passively released by necrotic neu-
rons. A growing body of evidence supports the idea 
that HMGB1 is a cytokine that regulates inflamma-
tion and immune response [24]. In order to confirm 
whether isoflurane played an anti-inflammatory role 
mediated by the HMGB1/TLRs pathway, we select-
ed the overexpression vector of HMGB1 to further 
study the role of HMGB1 in the inhibition of lipopoly-
saccharide-activated neuro microglia by isoflurane. 
In our study, LPS could promote the expression of 
HMGB1/TLR4 protein. However, it could significantly 
down-regulate the expressions of HMGB1/TLR4 pro-
teins in the intervention of isoflurane.

Previous studies have pointed out the neurotox-
icity of volatile anaesthetics including isoflurane. It is 
worth noting that the concentration used is high or 
exposure time lasts usually more than 4 hrs. Studies 
have shown that preconditioning neonatal rats with 
1.5% isoflurane can reduce brain injury in the survi-
vors [38]. Extracellular HMGB1 is known to induce 
complex cascades of signalling via binding to its 
receptors, including RAGE, TLR2 and TLR4. HMGB1 
can trigger inflammation [22], cardiac regeneration 

[19], and neurite outgrowth [25].
The above results showed that isoflurane could 

inhibit the expression of HMGB1, RAGE, TLR2/4 
protein in BV2 cells induced by LPS. Combining the 
research listed above, we speculated that isoflurane 
can inhibit the activation of neuro microglia by lipo-
polysaccharide, reduce the release of inflammatory 
factors, and protect nerve cells by regulating the 
expression of HMGB1 and its receptor TLR2/4.

In conclusion, we demonstrated that isoflu-
rane might have neuroprotective effects against 
LPS-induced neuroinflammation in microglia cells 
by downregulating HMGB1/TLRs pathway, which 
might provide an experimental basis for the study 
of isoflurane as a protective factor for the preven-
tion of neurodegenerative diseases. However, there 
are limitations on our current research. In the future 
research, we also will further explore the compre-
hensive functions and mechanisms of isoflurane 
LPS-induced BV2 cells and in vivo animal models.
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