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Ketamine effect on HMGB1 and TLR4 expression in rats
with acute lung injury
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Abstract: Acute lung injury (ALl) is a common emergency and severe case in clinic. High mobility group protein box
1 (HMGBZ1) can be treated as a new anti-inflammatory treatment target. Toll-like receptor 4 (TLR4) is an important
receptor of HMGB1. Ketamine is a widely used intravenous anesthetic with good anti-inflammatory and immune
regulating function. Whether it can protect ALl through inhibiting HMGB1 and TLR4 expression in lung tissue still
needs further investigation. Male SD rats were randomly divided into control, lipopolysaccharide (LPS) group and
ketamine intervention group with 15 rats in each group. The rats were euthanatized at 24 h after modeling and
the bronchoalveolar lavage fluid (BALF) was collected for HMGB1 and TLR4 level detection. Western Blot was ap-
plied to analyze HMGB1 and TLR4 protein expression in the lung tissue. HMGB1 and TLR4 concentration in BALF
were 5.369 + 1.564 ng/ml and 43.980 + 7.524 pg/ml in the control, respectively. They were 12.358 + 4.681 ng/
ml and 102.538 + 8.412 pg/ml in LPS group, and 7.399 + 2.346 ng/ml and 87.208 £ 7.558 pg/ml in ketamine
intervention group, respectively. Their levels increased significantly in LPS group and down-regulated after ketamine
intervention. HMGB1 and TLR4 protein expression in lung tissue elevated obviously in LPS group, and decreased
after ketamine treatment. HMGB1 and TLR4 protein level showed positive correlation in lung tissue (r = 0.921, P <
0.001). Ketamine can inhibit HMGB1 and TLR4 expression in ALl, and alleviate LPS induced rat lung injury.
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Introduction

Acute lung injury (ALl) is caused by severe
shock, infection, or trauma in lung. Multiple
inflammatory cells induced pulmonary inflam-
matory response and inflammatory cells out of
control result in pulmonary capillary injury [1]. It
may lead to tissue hypoxia, necrosis and dys-
function, resulting in multiple organ dysfunc-
tion syndromes. ALl is a common serious com-
plication of patients with critical disease with
mortality as high as 35~40% that seriously
affect people’s lives and health. So far, the
pathogenesis of ALI has not been fully elucidat-
ed, several studies suggested that blocking
inflammatory cells out of control to release
inflammatory factors in time is the key to pre-
vent ALl [2, 3]. High mobility group box1
(HMGB1) is a kind of non-histone nucleoprotein
that widely exists in eukaryotic cells. It is both
the inflammation early starter and late promot-

er that involved in ALI process [4, 5]. HMGB1
plays a central role in the inflammation network
of ALI. It can translocate from nucleus to cyto-
plasm in immune cells and be actively secreted
to extracellular during stimulation [6, 7].
Inhibiting HMGB1 expression and release can
delay ALI process. Toll-like receptor 4 (TLR4)
receptor is the receptor of HMGB1 that widely
expressed in vascular endothelial cells, dendrit-
ic cells and lymphocytes. Studies suggested
that HMGB1 can activate NF-kB pathway
through MAKP and MyD88 b binding with TLR4
to participate in ALI [8, 9].

Ketamine is widely used in clinical intravenous
anesthesia with good anti-inflammatory and
immune regulating function. It can alleviate
inflammation induced heart and lung injury by
inhibiting a variety of inflammatory cytokines
production, neutrophils effect and adhesion
molecules expression [10, 11]. The mechanism
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Table 1. HMGB1 and TLR4 concentration changes in BALF

amine intervention group. LPS at

5 mg/kg was injected through

femoral venous to establish ALI
model. In the ketamine interven-

Groups N HMGBZ1 (ng/ml) TLR4 (pg/ml)
Control 15 5.369+1.564 43.980 + 7.524
LPS group 15 12.358 +4.681" 102.538 + 8.412"

Ketamine intervention group 15 7.399 + 2.346™"

87.208 + 7.558"

tion group, ketamine at 10 mg/
kg was injected to the rats

“P < 0.001, compared with control; P < 0.001, compared with LPS group.
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before modeling. Equal volume
normal saline was injected in ALI
and control groups.

Rats were used for all experi-
ments, and all procedures were
approved by the Animal Ethics
Committee of our hospital.
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Figure 1. HMGB1 and TLR4 protein expression comparison in control, LPS

group and ketamine group.

of ketamine in regulating pulmonary inflamma-
tory factor synthesis and release is still not
clearly elucidated. In this study, we tried to
investigate ketamine effect in ALI by establish-
ing LPS induced rat ALI model and detecting
HMGB1 and TLR4 expression level.

Materials and methods
Main reagents and instruments

LPS was bought from Sigma. Ketamine injec-
tion was purchased from Fujian Gutian
Pharmaceutical co., Ltd. Rat HMGBZ1 ELISA kit
purchased from Shanghai Yaji biological tech-
nology co., Ltd. Rat TLR4 ELISA kit was bought
in Shanghai Rich biological technology co., Ltd.
Total protein extraction kit was bought in
Shanghai BestBio biological co., Ltd. Coomassie
brilliant blue protein assay kit was got from
Shanghai Major biological technology co., LTD.
SDS-polyacrylamide, PBST solution, vertical
electrophoresis apparatus and GIS-2020-D gel
image analysis system were purchased from
Sigma. HMGB1, TLR4 and GAPDH antibodies
were got from Abcam. Horseradish peroxidase
labeled goat anti-rabbit 1gG was purchased
Shanghai Cent biological co., Ltd.

Modeling

Forty five male SD rats (Animal experiment cen-
ter in Wuhan province) weighted 180-220 g
were divided into control, LPS group and ket-
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The lung was isolated after
euthanatizing the rat. After ligat-
ing the right lung, 5 ml normal
saline was filled into the left lung
to take out the bronchoalveolar
lavage fluid (BALF). The BALF was centrifuged
at 3000 rpm for 10 min under 4°C. ELISA kit
was applied to detect HMGB1 and TLR4 expres-
sion in BALF. Major steps include: put 50 l
diluted standard product into the correspond-
ing reaction holes to prepare the standard
curve. Add 50 ul samples to each hole. After
washing the plate for 5 times, 50 pl enzyme
reagent was added. The plate was washed for 5
times again after incubated at 37°C for 30 min.
50 pl agent A and 50 ul agent B were inserted
to each hole and the plate was incubated at
37°C for 10 min. The reaction was terminated
after adding 50 pl terminates liquid. The plate
was measured at 450 nm wavelength to get
the absorbance value (OD value). The sample
concentration was calculated according to the
OD value and standard curve.

Western blot

Total protein was extracted from lung tissue
and separated by denaturing SDS-polya-
crylamide gel electrophoresis. Detection was
performed with chemiluminiscence and calcu-
lated with GIS-2020-D gel image analysis sys-
tem. Protein levels were normalized to GAPDH.

Statistical analysis
All statistical analyses were performed using

SPSS13.0 software (Chicago, IL). Pearson cor-
relation analysis was applied to calculate cor-
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control, while their level up-
regulated in LPS group (P <
0.001). After ketamine treat-
ment, their expression level was
significantly inhibited (P < 0.001)

(Figures 1-3).

HMGB1 and TLR4 protein ex-
pression level correlation analy-
sis in rat lung tissue

Pearson correlation analysis

Control LPS

Figure 2. HMGB1 protein level comparison in control, LPS group and ket-

amine group.
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revealed that HMGB1 was posi-
tively correlated with TLR4 (r =
0.921, P < 0.001, Figure 4).

Discussion

ALl is a kind of common emer-
gency and severe cases in clinic.
Its prevalence rate was 11~25%

in  multiple trauma, and it
reached 25~50% during severe
infection and 40% in massive
transfusion. Multiple risk factors
at the same time can further
increase its prevalence rate.
Longer risk factor duration may
cause higher prevalence rate,
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Figure 3. TLR4 protein level comparison in control, LPS group and ket-

amine group.

relation between HMGB1 and TLR4 expression.
Inspection level a = 0.05. P < 0.05 was consid-
ered as significant difference.

Results

HMGB1 and TLR4 concentration changes in
BALF

Compared with control, HMGB1 and TLR4 con-
centrations in LPS group obviously elevated (P
< 0.001). After ketamine intervention, HMGB1
and TLR4 levels decreased significantly.
Compared with LPS group, t value for HMGB1
was 19.48 (P < 0.001), while t value for TLR4
was 16.38 (P = 0.003, Table 1).

HMGB1 and TLR4 protein expression in rat
lung tissue

Western blot results showed that HMGB1 and
TLR4 protein expression level was low in

12945

ketamine

and it reach 76%, 85% and 93%
after the risk factor sustained for
24, 48 and 72 h, respectively
[12, 13]. Despite quickly prog-
ress of medical technology in
recent years, ALl mortality
remains high. HMGBL1 is a kind of non-histones
nucleoprotein that participates in DNA replica-
tion, transcription and translation. Wang et al.
[14] in 1999 first discovered that HMGB1
involved in sepsis process as a late inflamma-
tory mediator. Therefore, HMGB1 plays an
important role in the treatment of inflammatory
disease. Studies suggested that HMGB1 can
cause lung injury by activating alveolar macro-
phages and neutrophils and stimulating proin-
flammatory cytokines. Its level can reflect the
severity of inflammation and tissue damage
[15, 16]. TLR4 is an important receptor of
HMGB1. Studies found that HMGB1 in neutro-
phils and macrophages participate in ALl
through TLR4-MyD88-NF-kB signaling pathway
[17, 18].

Ketamine is a derivative of the phencyclidine
(PCP) that can antagonize noncompetitive
N-methyl-D-aspartate (NMOA) receptor. It is
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sion levels in BALF and lung tissue.
It was found that HMGBZ1 and TLR4
overexpressed significantly in LPS
group, while they reduced after
ketamine treatment, suggesting
that ketamine can alleviate ALl and
facilitate lung injury treatment. In
addition, this study also performed
Pearson correlation analysis be-
tween HMGB1 and TLR4 expres-
sion. It was revealed that they have
obvious linear correlation. The
higher HMGB1 concentration, the
higher TLR4 was. It suggested that
we could inhibit inflammation and
prevent ALI by regulating signaling
pathway.

6.8 T 7.2 7.4 T.6
HMGBI1(ng/ml)

Figure 4. HMGB1 and TLR4 protein expression level correlation analy-

sis in rat lung tissue.

often used in clinical anesthesia as short-act-
ing general anesthetics [19, 20]. Recent study
showed that ketamine can inhibit a variety of
inflammatory cytokines production, neutrophils
effect and adhesion molecules expression. It
also showed obvious inhibitory effect on inflam-
mation caused by septic shock or extracorpo-
real circulation. NF-kB is an important tran-
scription factor that can activate a variety of
inflammatory cytokines under stress [21, 22].
HMGBL1 exists in the nucleus to stabilize nucle-
ar chromosome and regulate protein transcrip-
tion and translation under normal physiological
condition. It transfers to the cytoplasm, com-
bines with TLR4, prompts NF-«kB activation, and
releases cytokine under pathological status.
Studies suggested that ketamine can inhibit
NF-kB level and activity with dose dependent.
In addition, it was also indicated that ketamine
terminate more inflammatory factor generation
by inhibiting TLR4 expression [23, 24]. ZHANG,
et al. showed that ketamine dose in clinical use
can inhibit NF-kB activity to some extent that
plays a lung tissue protection effect on LPS
induced ALI [25, 26]. Thus, Ketamine has repair
effect to ALl caused by inflammation and can
be used to relieve clinical ALl induced inflam-
mation damage.

This research established ALl model induced
by LPS, and detected HMGB1 and TLR4 expres-
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In brief, HMGB1 involves inflamma-
tion process caused by ALl
Ketamine can protect lung injury by
regulating HMGB1 and TLR4 pro-
tein expression. However, animal
experiment cannot reflect human
body completely and accurately. Animal num-
ber in this study is limited, which may also bring
certain influence. The mechanism of ALl is com-
plicated and multiple factors may impact each
other. Thus, it can only reflect ketamine improv-
ing ALI to a certain extent. Further investigation
is needed to clarify the mechanism of ketamine
effect on ALI.
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