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Lipopolysaccharide induces neuroglia
activation and NF-� B activation in cerebral
cortex of adult mice
Ju-Bin Kang1†, Dong-Ju Park1†, Murad-Ali Shah1, Myeong-Ok Kim2 and Phil-Ok Koh1*

Abstract

Lipopolysaccharide (LPS) acts as an endotoxin, releases inflammatory cytokines, and promotes an inflammatory
response in various tissues. This study investigated whether LPS modulates neuroglia activation and nuclear factor
kappa B (NF-� B)-mediated inflammatory factors in the cerebral cortex. Adult male mice were divided into control
animals and LPS-treated animals. The mice received LPS (250� g/kg) or vehicle via an intraperitoneal injection for 5
days. We confirmed a reduction of body weight in LPS-treated animals and observed severe histopathological
changes in the cerebral cortex. Moreover, we elucidated increases of reactive oxygen species and oxidative stress
levels in LPS-treated animals. LPS administration led to increases of ionized calcium-binding adaptor molecule-1
(Iba-1) and glial fibrillary acidic protein (GFAP) expression. Iba-1 and GFAP are well accepted as markers of activated
microglia and astrocytes, respectively. Moreover, LPS exposure induced increases of NF-� B and pro-inflammatory
factors, such as interleukin-1� (IL-1� ) and tumor necrosis factor-� (TNF-� ). Increases of these inflammatory mediators
by LPS exposure indicate that LPS leads to inflammatory responses and tissue damage. These results demonstrated
that LPS activates neuroglial cells and increases NF-� B-mediated inflammatory factors in the cerebral cortex. Thus,
these findings suggest that LPS induces neurotoxicity by increasing oxidative stress and activating neuroglia and
inflammatory factors in the cerebral cortex.
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Introduction
Lipopolysaccharide (LPS) is known as a lipoglycan and
endotoxin that is found in the outer membrane of gram-
negative bacteria. LPS administration induces cognitive
impairment and behavioral depression [1, 2]. It also exac-
erbates the extent of brain damage after an experimental
stroke [3]. Moreover, it induces neuroinflammation
and neurodegeneration in mice by stimulating pro-
inflammatory cytokines [4, 5]. LPS increases oxidative
stress, releases inflammatory cytokines, and induces
inflammatory response [6, 7]. Inflammation is a com-
plex biological response against harmful stimuli such
as pathogens. It performs a critical role in removing

the initial cause of cell injury, clearing out damaged cells,
and initiating tissue repair. Ionized calcium-binding
adapter molecule 1 (Iba-1) is a calcium/actin-binding pro-
tein that is specifically expressed in macrophages and
microglia [8]. Iba-1 is induced by cytokines and inter-
ferons and is involved in the inflammatory response [9].
Moreover, glial fibrillary acidic protein (GFAP) is an inter-
mediate filament protein that is mainly expressed in astro-
cytes [10]. It is involved in many important central
nervous system processes, including cell motility and
blood-brain barrier formation [11, 12]. Thus, Iba-1 and
GFAP are accepted as markers of microglia and
astrocytes.

Nuclear factor kappa B (NF-� B) is a protein complex
that controls cytokine production and cell survival [13].
NF-� B regulates cellular processes including cell prolif-
eration, apoptosis, and inflammatory response [14–16].
It is involved in cellular responses to stimuli, such as free
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containing 0.1% Tween-20 (TBST) for 1 h and washed
with TBST. After washing, membranes were incubated for
overnight at 4 °C with following primary antibody: anti-
Iba-1, anti-GFAP, anti-NF-� B, anti-TNF-� , anti-IL-1� ,
and anti-� -actin (anti-Iba-1, anti-GFAP, anti-NF-� B, anti-
TNF-� , anti-IL-1� , and anti-� -actin primary antibody, di-
luted 1:1000, Santa Cruz Biotechnology, Dallas, TX, USA).
Membranes were washed with TBST and incubated with
horseradish peroxidase-conjugated anti-mouse IgG or
anti-rabbit IgG (1:5000, Cell Signaling Technology) for 2 h
at room temperature. After washing with TBST, mem-
branes were reacted with enhanced chemiluminescence
detection reagents (GE Healthcare, Little Chalfont, Buck-
inghamshire, UK) for detecting immunoreactive protein
bands and exposed to Fuji medical X-ray film (Fuji Film,
Tokyo, Japan).

Immunofluorescence staining
Paraffin sections were deparaffinied with xylene and
rehydrated by gradient of ethyl alcohol from 100 to 70%.
Sections were washed with PBS and reacted with normal
goat serum for 1 h for blocking non-specific reaction.
Sections were incubated in a wet chamber for overnight
at 4 °C with following primary antibodies: anti-Iba-1,
anti-GFAP, anti-NF-� B, anti-TNF-� , and anti-IL-1�
(anti-Iba-1, anti-GFAP, anti-NF-� B, anti-TNF-� , and
anti-IL-1� primary antibody, diluted 1:100, Santa Cruz
Biotechnology). Sections were washed with PBS and in-
cubated with fluorescein isothiocyanate (FITC)-conju-
gated anti-mouse IgG or anti-rabbit IgG (1:200, Santa
Cruz Biotechnology) for 2 h at room temperature. Sec-
tions were reacted with 4� ,6-diamidino-2-phenylindole
(DAPI, Sigma Aldrich) for 10 min and mounted with
Ultra-Cruz mounting medium (Santa Cruz Biotechnol-
ogy). Fluorescent signals were observed and imaged with
a confocal microscope (FV-1000, Olympus, Tokyo, Japan).
Integrated intensities of positive signals were analyzed
by Image-Pro Plus image software (Media Cybernetics,
Rockville, MD, USA). Intensity values were expressed as a
ratio of LPS-treated group intensity to control group in-
tensity. Intensity value of control group was set to 1.

Statistical analysis
Data are presented as mean ± standard error of mean
(S.E.M.). Results of group were compared by Student’s t-
test. A value of p < 0.05 was statistically considered
significant.

Results
LPS treatment induced a significant decrease of body
weight (Fig. 1a). Body weights were 29.1 ± 0.98 and
36.7 ± 1.24 in control and LPS-treated animals, respect-
ively, at 24 h after last injection. ROS and LPO values
were measured as DCF and MDA levels, respectively.

They were significantly increased in LPS-treated animals
compare with those of control animals. DCF and MDA
levels of control animals were set to 1. DCF and MDA
levels in LPS-treated animals were 1.97 ± 0.33 and
2.21 ± 0.22, respectively (Fig.1b). Figure1c showed the
histopathological changes in cerebral cortices after LPS
exposure. Neuronal and neuroglial cells with normal
morphology were observed in control animals. Most of
the neurons had a typical pyramid shape with well-
characterized dendrites (Fig.1c and e). However, we ob-
served severe histological changes in LPS-treated ani-
mals. Most of the nerve cells were swollen, with loss of
their processes, surrounded by pericellular halos, and
vacuolated (Fig. 1d and f). Neuroglial cells were
shrunken and deeply stained (Fig.1f).

Iba-1 and GFAP expressions were investigated to elu-
cidate activation of microglia and astrocytes. Western
blot analysis showed that Iba-1 and GFAP expression
levels were increased in LPS-treated animals (Fig.2a).
Iba-1 expression levels were 0.57 ± 0.02 in control ani-
mals and 0.93 ± 0.04 in LPS-treated animals. GFAP levels
were 0.43 ± 0.01 and 0.75 ± 0.04 in control and LPS-
treated animals, respectively (Fig.2b). Moreover, im-
munofluorescence staining showed that Iba-1 and GFAP
positive reactions increased in LPS-treated animals
(Fig. 3a and b). Iba-1 and GFAP expression values were
measured as a ratio of the intensity of control animals.
Iba-1 and GFAP expression values in LPS-treated animals
were 4.02 ± 0.44 and 3.21 ± 0.39, respectively (Fig.3c).

Figure4a shows increases of NF-� B, IL-1� , and TNF-�
in the cerebral cortices of LPS-treated animals. NF-� B
levels were 0.32 ± 0.07 and 0.71 ± 0.04 in control animals
and LPS-treated animals, respectively. IL-1� levels were
0.22 ± 0.08 in control animals and 0.87 ± 0.07 in LPS-
treated animals. TNF-� levels were 0.55 ± 0.05 and
0.92 ± 0.06 in control animals and LPS-treated animals,
respectively (Fig.4b). Results of immunofluorescence
staining confirmed increases of these proteins in LPS-
treated animals (Fig.5a-c). NF-� B was expressed in
neuronal cell bodies and brain capillary cells and expres-
sion value was 4.47 ± 0.56 in LPS-treated animals. IL-1�
and TNF-� was expressed in neuronal cell bodies ex-
pression values in LPS-treated animals were 4.40 ± 0.41
and 5.21 ± 0.23, respectively (Fig.5d).

Discussion
We clearly showed a reduction of body weight and
histopathological changes such as, vacuolation, swollen
cell body, and weakly stained cells in the cerebral cortex
after LPS-induced neuroinflammation. Moreover, LPS
induces over-production of oxidative stress and activa-
tion of neuroglia and leads to inflammatory response via
NF-� B mediated inflammatory factors including IL-1�
and TNF-� in cerebral cortex. We focused on activations

Kanget al. Laboratory Animal Research          (2019) 35:19 Page 3 of 8








	Abstract
	Introduction
	Materials and methods
	Experimental animal and drug treatment
	Reactive oxygen species (ROS) assay
	Lipid peroxidation (LPO) assay
	Hematoxylin and eosin staining
	Western blot analysis
	Immunofluorescence staining
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Competing interests
	Author details
	References
	Publisher’s Note

