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A B S T R A C T

Inflammation in central nervous system (CNS) plays a vital role in neurodegenerative diseases such as
Alzheimer's disease (AD), Parkinson's disease (PD), Lewy body dementia (DLB), HIV-related dementia and
traumatic brain injury. Icariside II (ICS II), an active flavonoid compound derived from a Chinese herbal
medicine Epimedium brevicornum Maxim, has been shown to possess a neuroprotective effect on AD model.
However, whether ICS II has a directly protective effect on acute neuroinflammation remains still unclear.
Therefore, the current study was designed to investigate the possible protective effect of ICS II on acute neu-
roinflammation induced by intracerebroventricular (ICV) injection of lipopolysaccharide (LPS), and further to
explore its possible mechanism. After ICS II was prophylactically administered for 7 days before LPS injection,
the rats were randomly divided into five groups as follows: sham group (n=9), sham+ ICS II-H (10mg/kg)
(n=9), LPS (n= 14), LPS+ ICS II-L (3 mg/kg) (n=14), LPS+ ICS II-H (10mg/kg) (n= 14) groups, respec-
tively. As expected, LPS injection exhibited neuronal morphological damage, and ionized calcium binding
adapter molecule 1 (IBA-1) of microglia and glial fibrillary acidic protein (GFAP) of astrocyte were activated.
However, pre-treatment with ICS II not only inhibited the activation of microglia and astrocyte, but also sig-
nificantly reversed the expressions of inflammatory factors such as interleukin-1β (IL-1β), tumor necrosis factor
(TNF-α), cyclooxygenase-2 (COX-2), as well as the expressions of Toll-Like receptor 4 (TLR4), myeloid differ-
entiation factor 88 (MyD88) and TNF receptor associated factor 6 (TRAF6). Furthermore, ICS II inhibited the
degradation of IκB and the following activation of NF-κB. Hence it is concluded that ICS II attenuates LPS-
induced neuroinflammation through inhibiting TLR4/MyD88/NF-κB pathway in rats, and it has potential value
as a new therapeutic agent to treat neuroinflammation-related diseases, such as AD.

1. Introduction

Neuroinflammation is a double-edged sword to the central nervous
system (CNS) diseases as evidences that low levels of inflammation
stimulate body’s immunity by scavenging harmful substances through
microglia phagocytosis and protein degradation pathways [1], and that,
in the pathological state, microglial activation can release proin-
flammatory and chemotactic factors, which further lead to neurotoxi-
city such as oxidative stress and neuronal apoptosis. A toxic circle is
further induced in vivo, including increased central nervous system
responses like Aβ levels, injured black striatum, etc [2]. Interestingly,
whatever in Alzheimer's disease (AD) patients' or Parkinson's disease

(PD) patients' brain, the inflammatory proteins are overexpressed and
glial cells are activated in the vicinity of denatured neurons, which
suggest that neuroinflammation is intimately involved in a variety of
neurodegenerative diseases such as AD, PD, Lewy body dementia (DLB)
and so on [3]. Accordingly, anti-inflammatory treatment is effective in
these diseases [4] and numerous literatures confirmed that the levels of
inflammatory factors in the AD model were declined by the anti-in-
flammatory treatment [5].

However, the current existing anti-inflammatory agents such as
non-steroidal anti-inflammatory drugs (NSAIDs) have generated a
mixed results [6], and the toxic effects of NSAIDs have not been re-
solved [7]. Hence NSAIDs failed to achieve beneficial effects in the CNS
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brain damage. Therefore, it is urgent to explore the new anti-in-
flammatory drugs to treat neuroinflammatory diseases.

Epimedium, as the berberidae epimedium plants, is a traditional
Chinese medicinal herb and has been used for enhancing sexual func-
tion, strengthening bones and muscles, treating rheumatic diseases for
thousand years. ICS II is an active compound of epimedium [8], and it
exhibits a series of pharmacological activities in numerous studies, in-
cluding anti-inflammatory, anti-cancer, anti-aging and so on [9–11].
Our previous study found that ICS II reduced Aβ-induced cognitive
impairment by ameliorating neuroinflammation and decreasing the
levels of Aβ [12]. However, all the rats were trained by Morris Water
Maze(MWM). According to the research that regular training also called
“exercise interventions” reduces the levels of inflammation in AD model
[13,14]. Since MWM itself is a regular exercise, our previous study can
not ascertain that ICS II has a direct anti-inflammatory effect. There-
fore, it is necessary to elucidate whether ICS II has a direct anti-in-
flammatory effect on the condition of eliminating regular training, in-
cluding MWM.

LPS, a component of the outer membrane of most Gram-negative
bacteria, acted as a ligand of Toll-Like receptor 4 (TLR4) to cause innate
immune and inflammatory responses [15]. Studies have confirmed that
TLR4 recognizes its ligand LPS, the adapter MyD88 will be quickly
activated, then the ubiquitination of its downstream protein TRAF6 is
mediated, further degrades IκB-α levels and thereby triggers NF-κB
signaling pathways [16,17]. NF-κB is the core of the regulation of in-
flammatory responses. Affected by various physical and biochemical
factors, NF-κB can further trigger inflammatory cells including astro-
cytes and microglia in the brain, thus it promotes the formation of
waterfall chain inflammation development and deterioration [18,19].
Growing studies demonstrate that ICV injection of LPS resembles mo-
lecular, pathological features of neuroinflammation state in neurode-
generative diseases [12].

Therefore, this study was aimed to investigate whether ICS II at-
tenuates the direct neuroinflammatory response evoked by LPS, and

further to explore whether TLR4/MyD88/NF-κB pathway is involved in
its underlying mechanisms.

2. Materials and methods

2.1. Reagent

Icariside II (ICS II, purity ≥98% by HPLC) was obtained from
Nanjing Zelang Medical Technology Co. Ltd (Nanjing, China) and dis-
solved in double distilled water with 20-min ultra-sonication. LPS (NO.
L2630, Escherichia coli O111:B4) was bought from Sigma Aldrich. (St.
Louis, MO, USA), diluted in normal saline (NS) and stored in dark at －
20 °C until use. All experimental reagents were of chemical grade and
commercially available.

2.2. Animals

Healthy adult (approximately 12 weeks) male Sprague-Dawley (SD)
rats (280 ± 20 g) were bought from Animal Center of the Third
Military Medical University, Chongqing, China (SPF-grade, certificate
no. SCXK2012-0005). All the rats were divided into five per cage in a
12 h light/dark cycle animal room with a fixed temperature at
23 ± 1 °C as well as the humidity was 60%, and they were allowed free
access to food and water. All animal adhere to ethical guidelines of The
Basel Declaration and the International Council for Laboratory Animal
Science (ICLAS), and the current present study protocol was approved
by Zunyi Medical University Animal Studies Committee. All the ex-
periments were attempted to minimize the pain of the animals and
strictly control the numbers.

2.3. Surgery and administration

The rats were randomly divided into the following five groups:
sham group (n= 9), sham+ ICS II-H (10mg/kg, n= 9), LPS group

Fig. 1. Effect of ICS II on LPS-induced morphological alterations in rat hippocampus. The sections of the hippocampus region were obtained and stained with HE
(magnification 400×, scale bar= 50 μm).
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(n= 14), LPS+ ICS II-L group (3mg/kg, n=14), LPS+ ICS II-H group
(10mg/kg, n= 14), respectively. After pre-treatment with ICS II or NS
for 7 days, all animals were given anesthesia with 2% sodium pento-
barbital (40mg/kg, i.p) and fastened to a stereotaxic apparatus by the
end of drug prevention. Subsequently, a midline sagittal incision was
made in the scalp and the heads were positioned according to the co-
ordinates: 1.0 mm posterior to bregma, 1.5 mm lateral to sagittal su-
ture, 3.5 mm beneath the surface of brain slowly injected LPS (10 μg/
μL) bilaterally into each lateral ventricle (5 μL/ventricle) [20] and then
leaving the needle for 5min to build the model with neuroinflamma-
tion. Meanwhile, the sham group and the sham+ ICS II-H group were
done with volume-matched NS, instead. Rats in both LPS+ ICS II-L and
LPS+ ICS II-H groups were intragastrically administered with ICS II at
dosages of 3mg/kg and 10mg/kg daily. Rats in sham+ ICS II-H group
were intragastrically administered with ICS II at a dosage of 10mg/kg
per day, while the sham and LPS groups were administered with vo-
lume-matched NS, instead.

2.4. Tissue preparation

24 h later, all rats were deeply anesthetized with 2% sodium pen-
tobarbital, and four rats freely extracted from each group were perfused
with 0.1M PBS, followed by the precooled 4% paraformaldehyde

(pH=7.4) at each time point. The brains were taken out and fixed with
4% paraformaldehyde for 3 days, and then cut into 3 μm coronal sec-
tions for HE staining and immunohistochemistry, respectively. The re-
maining samples were quickly divided into left and right hemispheres,
then the hippocampus was separated on the ice box and stored at －
80 °C with Eppendorf micro test tubes until analysis.

2.5. Western blot analysis

Western blot analysis was performed to determine the levels of p-
NF-κB p65 (#3033), NF-κB p65 (#8242), IκB-α (#9242) (all from Cell
Signaling Technology, Danvers, MA, USA), MyD88 (ab2064), TRAF6
(ab33915), COX-2 (ab15191), TNF-α (ab66579), IL-1β (ab9787) (all
from Abcam, Cambridge, USA), TLR-4 (D220102) (BBI, Shanghai,
China). Hippocampus tissues (n= 4 in each group) were homogenized
in the radio-immunoprecipitation (RIPA) assay lysis buffer containing
protease inhibitors and phosphatase inhibitors (100 μM phenylmethy
sulfony l fluoride) on an ice box at 4 °C. The homogenates were cen-
trifuged for 15min (12,000 rpm, 4 °C), and supernatants were extracted
and stored at －80 °C. Protein concentrations were tested by BCA pro-
tein assay kit (Beyotime, China). The samples (30–50 μg) were heat-
denatured at 95 °C for 10min and separated by 5% SDS-PAGE gel at
70 V as well as the 8–10% SDS-PAGE gels at 120 V, then transferred

Fig. 2. Effect of ICS II on LPS-induced neuron death in the hippocampus region.
The sections of the hippocampus region were stained by Nissl (magnification 400×, scale bar= 50 μm). (A) Representative picture of Nissl staining. (B) Quantitative
analysis of neuron density in hippocampus CA1 region. (C) Quantitative analysis of neuron density in hippocampus CA3 region. (D) Quantitative analysis of neuron
density in hippocampus DG region. Data were expressed as mean ± SEM (n=3), **P < 0.01 vs sham, ##P < 0.01 vs model.
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onto PVDF membranes (0.45 μm) at 25V-1.0 A for 30min. Membranes
were blocked with 5% non-fat milk defatted in 1×TBST for 2 h at
room temperature and incubated with primary antibodies against IL-1β
(1:1000), COX-2 (1:1000), TNF-α (1:1000), NF-κB p65 (1:1000), p-NF-
κB p65 (1:1000), IκB-α (1:1000), MyD88 (1:1000), TRAF6 (1:2000),
TLR-4 (1:1000) and β-actin (1:2000, Beyotime, China) for 16–22 h at
4 °C. After washing 3 times with 1×TBST for 10min, the membranes
were incubated with appropriate HRP-conjugated secondary antibodies
(1:2000, Beyotime, China) for an hour at room temperature. Then use
ECL Reagent (7 Sea Pharmatech, China) and Quantity One software
v4.52 (Bio-Rad) to analyze the protein.

2.6. HE staining and Nissl staining

Neuronal morphology in hippocampus was observed by HE staining.
Dried sections and used xylene for dewaxing. Followed proceed Eosin
staining and added the transparent agent. Finally mounted by neutral
balata. Nissl staining was used to observe the degeneration of Nissl
body, because Nissl body has basophilic characteristics. Therefore, we
used alkaline to dye staining. All operations should be paid attention to
keeping the sections clean. Then use Image Pro. 6 software for statistics
to analyze the neuron in Nissl staining.

2.7. Immunohistochemical staining

Embedded brain tissue sections were microwaved for 5min and
incubated with anti-IBA-1 (1:100, Abcam, USA) and primary antibody
against GFAP (1:200, Abcam, USA) at 37 °C for 5 h. After the incuba-
tion, sections were washed with PBS for 3 times and were incubated
with biotinylated secondary rabbit anti-goat IgG-horseradish perox-
idase (HRP) (1:200, Beyotime, China) or goat anti-rabbit for an hour,
followed visualized by a DAB kit (Boster, China). Then use Image Pro. 6
software for statistics.

2.8. Statistical analysis

All data were presented as mean ± SEM and analyzed by SPSS 17.0
statistics software The results were analyzed by the one-way ANOVA
and followed by Least significant difference tests. P<0.05 was con-
sidered to be statistically significant.

Fig. 3. Effect of ICS II on LPS-induced microglia IBA-1 immunoreactivity of hippocampal region.
IBA-1 immunoreactivity of hippocampus (magnification 400×, scale bar= 50 μm). (A) Representative picture of IBA-1. (B) Quantitative analysis of optical density in
hippocampus CA1 region. (C) Quantitative analysis of optical density in hippocampus CA3 region. (D) Quantitative analysis of optical density in hippocampus DG
region. Data were expressed as mean ± SEM (n=3), **P < 0.01 vs sham, ##P < 0.01 vs model.
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3. Results

3.1. Effect of ICS II on LPS-induced morphologic alterations of hippocampal
neurons

The effect of ICS II on LPS-induced morphologic alterations of
neurons in the hippocampus was assessed by HE staining and Nissl
staining. As shown in Fig. 1, neurons were neat and clearly visible both
in the sham group and the sham+ ICS II-H group, while most neurons
in the LPS group were disorderly arranged and a large number of
neurons appeared to be lost, contracted and deeply stained. However,
pre-treatment with ICS II at dosages of 3mg/kg and 10mg/kg atte-
nuated neuronal changes in hippocampus. The cell boundaries were
clear and the hippocampal neurons arranged more neatly than LPS
alone. Furthermore, neuronal loss was attenuated by pre-treatment
with ICS II, especially in the high dosage group. Besides, in Fig. 2, Nissl
staining showed large numbers of Nissl bodies appeared to significant
degeneration in the LPS-treated group [CA1: F(4,10)= 20.019,
P < 0.001; CA3: F(4,10)= 6.119, P= 0.009; DG: F(4,10)= 29.071,
P < 0.001; respectively]. However, pre-treatment with ICS II at dosage
of 3mg/kg significantly reduced neuronal degeneration in CA1 and DG
regions (Fig. 2B–D, all P < 0.01), and 10mg/kg reduced it in the

whole hippocampus (Fig. 2B–D, all P < 0.01).

3.2. Effect of ICS II on microglial and astrocytes activation evoked by LPS

Microglia and astrocytes are usually activated in the case of neu-
roinflammation. Immunohistochemistry staining was used to assess the
expression of IBA-1 (a marker of microglial activation) and GFAP (a
marker of astrocytes activation). In the inactive state, the shape of IBA-
1 is oblate, along with tentacles, while GFAP is opposite to it. As shown
in Figs. 3A and 4 A, it was found numerous IBA-1 as well as GFAP was
positive stained in CA1, CA3 and DG regions in the hippocampus
evoked by LPS compared to the sham group [IBA-1: CA1: F
(4,10)= 61.958, P < 0.001; CA3: F(4,10)= 27.572, P < 0.001; DG:
F(4,10)= 52.199, P < 0.001; respectively. GFAP: CA1: F
(4,10)= 151.591, P < 0.001; CA3: F(4,10)= 82.975, P < 0.001; DG:
F(4,10)= 59.192, P < 0.001; respectively.]. After pre-treatment with
ICS II at dosage of 3mg/kg, the marker of microglial IBA-1 were sig-
nificantly decreased only in CA1 area (Fig. 3B, P < 0.01), while pre-
treatment with ICS II at dosage of 10mg/kg, IBA-1 and the marker of
astrocytes GFAP were effectively decreased in all hippocampus except
GFAP in DG (Figs. 3B–D and 4 B–D, all P < 0.01). The body shape of
microglia restored small as well as the shape of astrocytes became more

Fig. 4. Effect of ICS II on LPS-induced astrocytes GFAP immunoreactivity of hippocampus region.
GFAP immunoreactivity of hippocampus (magnification 400×, scale bar= 50 μm). (A) Representative picture of GFAP. (B) Quantitative analysis of optical density in
hippocampus CA1 region. (C) Quantitative analysis of optical density in hippocampus CA3 region. (D) Quantitative analysis of optical density in hippocampus DG
region. Data were expressed as mean ± SEM (n=3). **P < 0.01 vs sham, ##P < 0.01 vs model.
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round along with tentacles decreased.

3.3. Effect of ICS II on the expression of COX-2, IL-1β and TNF-α induced
by LPS

The expression of related-proinflammatory factors were analyzed by
Western blot. As the results shown, the expression of COX-2, IL-1β and
TNF-α was significantly increased after LPS injection compared with
the sham rats [COX-2: F(4,15)= 30.096, P < 0.001; IL-1β: F(4,15)
=28.070, P < 0.001; TNF-α: F(4,15)=7.756, P=0.001, respec-
tively]. However, pre-treatment with ICS II at dosage of 3 mg/kg, the
overexpression of these inflammatory factors except TNF-α effectively
was alleviated (Fig. 5B–C, P < 0.01, 0.01, respectively), but pre-
treatment with ICS II at dosage of 10 mg/kg, all the proteins including
COX-2, IL-1β and TNF-α were decreased (Fig. 5B–D, all P < 0.01).

3.4. Effect of ICS II on the expression of TLR4, MyD88 and TRAF6 in rat
hippocampi

To further explore the effect of ICS II on the neuroinflammation
pathway, the present study detected the expression of TLR4 and its
downstream protein by Western blot. The data demonstrated that LPS
injection significantly increased the expression of TLR4, MyD88 and
TRAF6 compared to the sham group [TLR4: F(4,15)= 4.685,
P=0.012; MyD88: F(4,15)= 4.777, P=0.011; TRAF6: F
(4,15)= 3.969, P=0.022, respectively]. Meanwhile, pre-treatment
with ICS II at dosages of 3mg/kg and 10mg/kg markedly reduced the

protein levels of TLR4 (Fig. 6B, P < 0.01, 0.05, respectively). Inter-
estingly, ICS II at dosage of 10 mg/kg effectively attenuated the over-
expression of MyD88 and TRAF6 (Fig. 6C–D, P < 0.05, 0.01, respec-
tively), while the one at dosage of 3 mg/kg was inefficient.

3.5. Effect of ICS II on IκB-α degradation and NF-κB p65 phosphorylation
after LPS injection

This study checked IκB-α degradation and NF-κB p65 phosphor-
ylation to further explore whether ICS II inhibit the inflammatory fac-
tors expression. The results showed that IκB-α was significantly de-
creased after LPS injection compared with that in the sham group [F
(4,15)= 9.459, P=0.001]. It was found that ICS II at dosage of 3mg/
kg ineffectively raised IκB-α degradation, while ICS II at dosage of
10mg/kg raised it obviously (Fig. 7A, B, P < 0.01). Accordingly, the
study also checked NF-κB p65 phosphorylation in the hippocampus. As
shown in Fig. 7C, pre-treatment with ICS II at dosage of 10mg/kg
markedly attenuated NF-κB p65 phosphorylation levels induced by LPS
[F(4,15)= 3.321, P=0.039] (P < 0.05), but 3 mg/kg did not effect.

4. Discussion

The CNS inflammatory response is usually manifested by over-
production of proinflammatory factors and neuronal damage, which
can induce a variety of neurodegenerative diseases [21–23]. This study
simulated acute inflammation model in rats, which was consistent with
the inflammation-related encephalopathy, thus investigated whether

Fig. 5. Effect of ICS II on COX-2, IL-1β and TNF-α protein expression in the hippocampus after LPS injection.
The expressions of COX-2, IL-1β and TNF-α protein were detected by Western blot analysis. (A) The antibody-reactive bands of COX-2, IL-1β and TNF-α. (B)
Quantitative analysis of COX-2 levels. (C) Quantitative analysis of IL-1β levels. (D) Quantitative analysis of TNF-α levels. β-actin protein was used as an internal
control. Data were presented as mean ± SEM (n=4). *P < 0.05, **P < 0.01 vs sham, ##P < 0.01 vs model.
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ICS II can effectively alleviate LPS-induced neuroinflammation through
inhibiting MyD88/TLR4/ NF-κB pathway by both morphological and
protein expressions. Our study found that ICV injection of LPS induced
CNS inflammation, which was consistent with the literature [24]. Since
AD has a first event such as inflammatory response before the start of
cognitive decline, the possible protective effects of ICS II on LPS-in-
duced neuroinflammation were explored by pre-treatment. Notably,
ICS II pre-treatment with 10mg/kg for 7 days not only attenuated LPS-
induced morphological alterations of neuronal but also inhibited acti-
vation of microglia and astrocyte. Meanwhile, it down-regulated the
levels of inflammatory factors such as COX-2, IL-1β and TNF-α, and
reduced the expressions of TLR4, MYD88, TRAF6, thereby inhibited
IκB-α degradation and NF-κB-p65 phosphorylation.

It is well known that LPS is a component of the outer membrane of
the most Gram-negative bacteria, which can directly activate glial cell
in brain then release pro-inflammatory factors [25]. There is evidence
to reveal that ICV injection of LPS for 24 h extremely up-regulates the
level of inflammatory factors in the brain region, thereby causes neu-
rotoxicity. Moreover, low levels of LPS interfered the expression of
related-inflammatory factors, but it was found that LPS induced notable
changes in all of markers at the dosage of 50 μg, then more obviously
simulated the acute neuroinflammatory model [26]. The present study
also confirmed that bilateral ICV administration of LPS for 24 h truly
mimicked the pathological processes of acute neuroinflammation and
induced hippocampal neuronal damage accompanied by neuronal lost
[27,28]. Hippocampal neurons are closely related to learning and

memory. Our findings demonstrated that ICS II significantly reduced
neuronal damage induced by LPS, which suggested that ICS II exerted
neuroprotective effect on neuroinflammation consisting with previous
reports [29–31].

Furthermore, TLR-4, as the most primary response receptor of LPS,
plays an important role in the transmission of pathogens, macrophages
and initiating the body's immune response. It can modulate auto-
immune responses in the brain and induce neuroinflammatory re-
sponse, then activate the MyD88 pathway [32]. In our study, it was
found that injections of LPS increased the expression of TLR4 protein,
consistenting with the literature [24]. And pre-treatment with ICS II
significantly down-regulated the expression of TLR4 protein. Moreover,
in the normal inflammatory cells, the activated TLR4 can bind directly
to two intracellular proteins myeloid differentiation factor MyD88 and
its downstream protein TRAF6. The up-regulation of MyD88 and TRAF6
can further increase the expression of inflammatory factors such as
TNF-α and IL-1β in LPS-treated model, which play a vital role in TLR4-
mediated MyD88-dependent pathway [33]. ICS II at dosage of 10mg/
kg effectively inhibited the overexpression of MyD88 and TRAF6, in-
dicating that the protective effects of ICS II on LPS-induced neuroin-
flammation were associated with the reduction of MyD88 over-
expression.

In addition, TRAF6 ubiquitination can cause the activation of IκB-α
and the NF-κB signaling pathway. NF-κB is an important nuclear tran-
scription factor and the core of inflammation strength whatever in AD
or other neurodegenerative diseases [34]. In the inactive state, NF-κB is

Fig. 6. Effect of ICS II on the levels of TLR-4, MyD88 and TRAF6 in rat hippocampus after LPS injection.
The expression of TLR-4, MyD88 and TRAF6 protein were detected by Western blot analysis. (A) The antibody-reactive bands of TLR-4, MyD88 and TRAF6. (B)
Quantitative analysis of TLR-4 levels. (C) Quantitative analysis of MyD88 levels. (D) Quantitative analysis of TRAF6 levels. β-actin protein was used as an internal
control. Data were presented as mean ± SEM (n=4). *P < 0.05, **P < 0.01 vs sham, # P < 0.05, ##P < 0.01 vs model.
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bound to the inhibitory protein IκB-α and exists in the cytoplasm. LPS
eliminates the inhibition of IκB-α to NF-κB after activated TLR4, then
promotes the NF-κB nuclear translocation and stimulates the expression
of inflammation-related genes [35,36]. Our results demonstrated that
IκB-α protein in hippocampus of LPS group was significantly decreased
and NF-κB-p65 phosphorylation level was significantly increased,
which were consistent to our previous report [37]. However, ICS II pre-
treatment at dosage of 10mg/kg effectively reversed the alternation.
Thus, it is clearly revealed that NF-κB signaling pathway was involved
in the protective effects of ICS II on neuroinflammatory response.

Notably, in the inflammatory cascade, the activation of NF-κB-p65
releases inflammatory cytokines and mediators such as IL-1β, COX-2
and TNF-α. These proinflammatory factors not only aggravate the dis-
ease process but also induce the abnormal expression of their down-
stream proteins. During this process, NF-κB is translocated into the
nucleus to activate transcription of target genes, and further promotes
the synthesis then continues to release these proinflammatory factors,
which in turn form a vicious cycle. Surprisingly, our results found that
the expressions of IL-1β, COX-2 and TNF-α in LPS-treated rats were
significantly increased and ICS II reversed these effects. Meanwhile, the
innate immune function in the CNS is mainly accomplished by glial
cells. Under the direct stimulation of microbial injection of LPS, the
main response receptor TLR-4 of LPS can be directly activated to par-
ticipate in intracellular signaling. And it is expressed on microglia,
which is responsible for monitoring the brain environment and the
astrocytes, eventually leading to provide brain nutrition in CNS [15].
Moreover, as results were shown that IBA-1 (the marker of microglia)
and GFAP (the marker of astrocyte) were abnormally activated and
overexpressed among the whole hippocampus especially in CA1 regions
compared with the sham group, which is consistent with previous

studies [33], and pre-treatment with ICS II 10mg/kg significantly in-
hibited the activation of IBA-1 and GFAP.

It is noteworthy that, ICA and ICS II are the two major active in-
gredients of Herba Epimedii with close structural relationship. emerging
evidences demonstrate that ICA can be transformed into ICS II by the
hydrolysis effects of intestinal microflora and the main form of ICA in
blood after oral administration is ICS II. This is the reason why we
choose oral gavage method [38]. Moreover, recent studies indicated
that ICS II alleviates the microcirculatory disturbance and neuronal
damage in hippocampal CA1 region [39], which were also similar to the
our previous studies [12,40], indicating that ICS II, as a natural pro-
duct, may cross the blood-brain barrier (BBB) to exert protective effects
on neuroinflammation. However, whether ICS II can across BBB and its
possible mechanism were needed to further investigated.

5. Conclusion

This study clearly demonstrates that pre-treatment with ICS II can
alleviate the LPS-induced neuroinflammation and neuronal damage.
The mechanisms are, at least partly, due to inhibiting the inflammation
responses via TLR4/MyD88/NF-κB pathway (Fig. 8). These results
suggest that ICS II has potential value as a new therapeutic agent to
treat neuroinflammation-related diseases, such as AD.
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Fig. 7. Effect of ICS II on IκB-α degradation and nuclear factor-κB (NF-κB) p65 phosphorylation after LPS injection.
The levels of IκB-α degradation and NF-κB p65 phosphorylation were detected by Western blot analysis. (A) The antibody-reactive bands of the IκB-α degradation
and NF-κB p65 phosphorylation. (B) Quantitative analysis of IκB-α degradation. (C) Quantitative analysis of NF-κB p65 phosphorylation. β-actin and NF-κB p65 were
used as internal control. Data were presented as mean ± SEM (n=4). *P < 0.05, **P < 0.01 vs sham, # P < 0.05, ##P < 0.01 vs model.
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