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The purpose of our research was to evaluate whether ginsenoside
Rb1 has neuroprotective effects against lipopolysaccharide (LPS)-
induced brain injury. ICR mice were intraperitoneally (i.p.) injected
with 20 or 40 mg/kg Rb1 or saline for 7 consecutive days. On the
7th day, 30 minutes after Rb1 or saline administration, a single dose
of LPS (LPS group, Rb1+LPS group) or saline (control group) was in-
jected i.p. into the mice. Results demonstrated that Rb1 treatment
could significantly improve the behavior performance of LPS mice
in both the open field test and the beam walking test. Rb1 can also
markedly attenuate the neuronal lesion in both hippocampus and
somatosensory cortex in the brain of LPS mice. In addition, Rb1 treat-
ment also significantly inhibits the LPS-induced neuroinflammation
in the brain, indicated by reduced reactive microglia and decreased
IL-1β production. Both immunostaining and western blot results
suggest that Rb1 can further enhance the LPS-induced GLT-1 expres-
sion and alleviate LPS-induced GS reduction in the brain. Our find-
ings show that Rb1 has a protective effect on LPS-induced neuronal
damage in the CA1 of the hippocampus and in the somatosensory
area of the cerebral cortex in mice, which is likely to be the basis for
its improvement of locomotor and motor coordination. Rb1 regulat-
ing the function of astrocytes and microglia through GLT-1 and GS in
astrocytes may be involved in its neuroprotective effects.
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1. Introduction
Neuroinflammation is a well-documented pathological

event in neurodegenerative diseases, such as Alzheimer’s dis-
ease, Parkinson’s disease, and amyotrophic lateral sclerosis [1,
2]. It is considered an important contributor to the pathogen-
esis and progression of neurodegeneration [1]. Lipopolysac-
charide (LPS), a gram-negative endotoxin, is well-known to
mimic inflammatory conditions when administered to ani-
mals. The systemic inflammation by a single exposure to
LPS transfers to the brain and primes a vicious circle of neu-
roinflammation with disruption of the blood–brain barrier
(BBB), activation of glial cells, and production of a vari-

ety of proinflammatory cytokines in the brain that is detri-
mental to neurons [3–5]. Consequent cognitive impairment
and depression-like behavior are alsowell documented [6–8].
Therefore, LPS-treated animals are widely used as neuroin-
flammation models of neuroprotection against neurodegen-
eration.

Glial cells, such as astrocytes, microglia, and oligodendro-
cytes, constitute a large fraction of the mammalian brain.
Originally considered non-functional support for neurons,
more and more research has highlighted the importance of
glial cells in normal brain function [1, 2]. Astrocytes per-
form several necessary functions for the formation andmain-
tenance of the BBB and regulating brainwater and ion home-
ostasis [9]. One of the major functions of astrocytes within
the CNS is to uptake excitatory glutamate, which is of central
importance formaintaining glutamate–glutamine homeosta-
sis to prevent neuron damage from glutamate-mediated ex-
citotoxicity [10]. For microglial cells, continuous and rapid
surveillance is their unique feature in the brain. Microglia
cells can recognize and engulf injured cells to prevent ex-
panded neuron damage [2, 11]. However, excessive activa-
tion of microglia cells is deleterious through self-propelling
neuroinflammation, which impairs the optimal milieu for
neuronal function, thereby contributing to neurodegenera-
tion [2, 11].

Ginseng has been used worldwide as traditional medicine
for thousands of years. Several ingredients with multiple ac-
tivities have been isolated from Ginseng, such as Rg1, Rb1,
Rh2, Rg3, Rg5, and Re. Particularly, Rb1 has been proven
more effective among all other ginsenosides in terms of anti-
inflammation and repairing neuronal cell loss [12, 13]. We
previously found that Rb1 has significant effects in enhancing
the expression of GLT-1 in astrocytes under oxygen-glucose
deprivation and reoxygenation conditions (unpublished re-
sults). Given the importance of GLT-1 in regulating glial
glutamate uptake and its consequent role in neuroinflam-
mation [14], it is of value to investigate the effect of Rb1
on LPS-treated neuroinflammation and related neuronal le-
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Fig. 1. The experimental design. ICR mice were intraperitoneally (i.p.) injected with 20 or 40 mg/kg Rb1 or saline for 7 consecutive days. On the 7th day,
30 minutes after Rb1 or saline administration, a single dose of LPS (LPS group, Rb1+LPS group) or saline (control group) was injected i.p. into the mice. The
locomotive activity was evaluated using the open-field test and the beamwalking test at 20–24 h after the LPS injection. Mice were anesthetized with 7 mL/kg
1% pentobarbital sodium and transcardially perfused with ice-cold NS and 4% PFA 24 h after LPS injection for subsequent immunohistochemistry. Mice were
anesthetized with 7 mL/kg 1% pentobarbital sodium and sacrificed 24 h after LPS injection for subsequent Western blot analysis and ELISA.

sions. We used LPS to induce neuroinflammation in mice
and investigate the effects of Rb1. The results show that the
administration of Rb1 in advance can significantly reduce the
impairment of locomotor function and motor coordination
caused by LPS. Rb1 significantly reduces neuroinflammation
and neuronal cell damage both in the hippocampus and cere-
bral cortex. In addition, Rb1 can further enhance the LPS-
induced GLT-1 expression and alleviate LPS-induced GS re-
duction in the brain.

2. Materials andmethods
2.1 Animals

Six-week-old male ICR mice (29–31 g, n = 80) were pur-
chased from Vital River Laboratory Animal Technology Co.,
Ltd. in Beijing, China (certificate number, SCXK [Jing]
2016–0006). Mice in all groups were kept at 23 ± 1 ◦C and
a 12-h light/dark cycle (light on 7:00–19:00). During the ex-
perimental period, the mice were given free access to tap wa-
ter and food. All animal experiments were carried out in
accordance with the National Institutes of Health Guide for
Care and Use of Laboratory Animals [15], and the Institu-
tional Animal Care and Use Committee of Beijing Univer-
sity of Chinese Medicine approved the protocol (BUCM-4-
2020100803-4136, 8 October 2020). All efforts were made to
minimize animal suffering and reduce the number of animals
used.

2.2 Group and treatment
After 3 days of mice were fed, mice (n = 80) were ran-

domly assigned to four groups (n = 20 per group), i.e., the
control group, the LPS-treated group (LPS group), the 20
mg/kg Rb1 group (Rb1 20+LPS group) and the 40 mg/kg
Rb1 group (Rb1 40+LPS group).

Rb1 (purity >98%, Chengdu Must Bio-Technology,
Chengdu, China) was dissolved in normal saline (NS) (Shi-
jiazhuang No. 4 Pharmaceutical, Shijiazhuang, China). Mice
were administered Rb1 intraperitoneally (i.p.) to achieve
20 mg/kg/day (Rb1 20+LPS group) or 40 mg/kg/day (Rb1
40+LPS group) for a week (9:00–11:00 AM) (Fig. 1). The

control and LPS-treated groups were treated with NS. To
create a systemic inflammatory model, a single intraperi-
toneal injection of 3 mg/kg LPS (Escherichia coli, 0111: B4,
Sigma, St. Louis, MO, USA) dissolved in NS was given to
each mouse within 15–30 min after the last Rb1 injection or
NS injection (excluding the control group).

2.3 Open-field test

The locomotive activity was evaluated using the open-
field test at 20 h after the LPS injection (Fig. 1). Eachmouse (n
= 20 per group)was placed in the center of an open field appa-
ratus (W50×D50×H40 cm), and freemoving behaviorwas
monitored for 5 minutes, and their behavior was recorded
by the animal behavior analysis system (Etho-Vision XT9,
Noldus, Wageningen, The Netherlands). The total distance
moved and the crossing lines, moving and not moving du-
rations, and velocity was analyzed. The open field apparatus
was cleaned with 70% ethanol (SinopharmChemical Reagent
Co., Ltd, Shanghai, China), and it was ensured that ethanol
evaporated fully between trials.

2.4 Beam walking test

Mice (n = 20 per group) were trained for two days to walk
from a start platform along a square beam (80 cm long, 3 cm
wide) elevated 30 cm above the bench by supports to a goal
box. Three trials to traverse the beam were performed for
each mouse daily, and mice were excluded from the cohort
if they could still not traverse the beam autonomously and
smoothly after 2 days of training. On the third day, the mice
were tested on the cylindrical beam (80 cm long, 8 mm di-
ameter) after the open field test. The time to traverse each
beam (up to 60 s) was recorded, and the performance on the
beam was evaluated by the scoring system adapted from the
method of Feeney et al. [16–18]. The higher the score, the
better the mice performed. Mice that traversed the beam
normally with no foot slip were given a score of “5”; those
that traversed the beam successfully and foot slips occurred
on less than half of the way were given a score of “4”; those
that traversed the beam successfully and foot slips occurred
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on more than half of the way were given a score of “3”. Mice
that fell from the beam were given a score of “2”, and those
unable to place limbs on the beam surface were given a score
of “1”. Such situations were allotted a maximum latency of 60
seconds. The walking beam apparatus was cleaned with 70%
ethanol, and it was ensured that ethanol evaporated fully be-
tween trials.

2.5 Double immunohistochemistry

Mice (n= 6 per group)were anesthetizedwith 7mL/kg 1%
pentobarbital sodium (Sigma, St. Louis, MO, USA) and tran-
scardially perfused with ice-cold NS and 4% paraformalde-
hyde (PFA) (Servicebio, Wuhan, China) 24 h after LPS in-
jection. The brains were then placed in PFA and were pre-
served by paraffin embedding. Sagittal sections at 5 µm
were deparaffinized and were placed in a repair box filled
with EDTA antigen retrieval buffer (pH 8.0) (Servicebio,
Wuhan, China) in a microwave oven for antigen retrieval.
Non-specific proteins were blocked using 5% BSA (Service-
bio, Wuhan, China) in PBS (Servicebio, Wuhan, China)
for 30 minutes before incubation in a cocktail of primary
antibodies, i.e., rabbit polyclonal anti-GLT-1 (1:1000; Pro-
teintech, Rosemont, IL, USA)+mouse polyclonal anti-GFAP
(1:800; Servicebio, Wuhan, China), rabbit monoclonal anti-
GS (1:1000; Proteintech, Rosemont, IL, USA)+mouse poly-
clonal anti-GFAP (1:800; Servicebio, Wuhan, China) and
mouse polyclonal anti-NeuN (1:200; Servicebio, Wuhan,
China)+rabbit monoclonal anti-IBa-1 (1:200; Servicebio,
Wuhan, China), overnight at 4 ◦C.The sectionswerewashed
three times for 5 min in PBS (pH 7.4) (Servicebio, Wuhan,
China) and further incubated with an appropriate combina-
tion of fluorochrome-tagged secondary antibodies, i.e., Cy3-
labeled Goat Anti-Rabbit IgG (Servicebio, Wuhan, China),
Alexa Fluor® 488-labeled Goat Anti-Mouse IgG (Service-
bio, Wuhan, China), at a dilution of 1:500 for 50 min at
room temperature. After proper washing in PBS were in-
cubated with DAPI (Servicebio, Wuhan, China) for 10 min
at room temperature in the dark and were mounted with an
antifade mounting medium after PBS washing. Images of
the brain were scanned with the Pannoramic Digital Slide
Scanners (Pannoramic MIDI, 3D HISTECH, Budapest, Hun-
gary) and were captured with Caseviewer 2.3 (3DHISTECH
Ltd, Budapest, Hungary). The quantitative analysis of im-
munostained cells per field was done using Image J software
(National Institutes of Health, Bethesda, MD, USA). Five vi-
sual fields were randomly selected, and inconsistency in back-
ground intensity was abolished. The pyramidal cells of the
hippocampus appeared in a multilayered and compact ar-
rangement, so the neurons in theCA1 stained by immunoflu-
orescence were of slightly lower resolution. When counting
the number of neurons in the CA1 region of the hippocam-
pus, it was more accurate to count the number of double pos-
itive cells that DAPI co-label with NeuN on the CA1 using
Image J software.

2.6 Western blot analysis

Mice (n= 3 per group)were anesthetizedwith 7mL/kg 1%
pentobarbital sodium and sacrificed 24 h after LPS injection.
The brains were collected and deep-frozen in liquid nitro-
gen followed by transfer to –80 ◦C for further analysis. The
brain tissue was homogenized and sonicated on ice in RIPA
lysis buffer (KeyGen Biotech, Nanjing, China) and protease
inhibitor cocktail (KeyGen Biotech, Nanjing, China). After
centrifugation, the supernatant was collected and assayed for
protein concentration using the BCAprotein quantitation as-
say (KeyGen Biotech, Nanjing, China). Lysate samples con-
taining 10µg of proteinwere fractionated by 10%SDS-PAGE
for 45 min at 60 V and then 75 min at 100 V, and transferred
onto a polyvinylidene difluoride (PVDF) membrane (Milli-
pore, Boston, MA, USA) under ice bath conditions about 65
min 100 V. The PVDFmembrane was blocked in newly pre-
pared 5% novisualizedn-fat powdered milk (BioRuler, Dan-
bury, CT, USA) for 1 h at room temperature and incubated
with primary antibodies for GLT-1 (1:1000; rabbit mono-
clonal antibody, Abcam, Cambridge, MA, USA), GS (1:4000;
rabbit polyclonal antibody, Proteintech, Rosemont, IL,USA),
β-actin (1:12000; mouse monoclonal antibody, Proteintech,
Rosemont, IL, USA), and β-tubulin (1:8000; rabbit poly-
clonal antibody, Proteintech, Rosemont, IL, USA) overnight
at 4 ◦C. Membranes were washed with 1% TBST (Service-
bio,Wuhan, China) three times for 5min each and incubated
with HRP-conjugated affinipure goat anti-mouse or rabbit
IgG (1:5000; Proteintech, Rosemont, IL,USA) for 1 h at room
temperature. Blots were detected with enhanced chemilu-
minescence reagent (Analysis Quiz, Beijing, China) and the
automatic chemiluminescence image system (Bio-Rad, Her-
cules, CA,USA). The density of the target protein andβ-actin
was measured using Image J software.

2.7 ELISA

Mice (n = 8–11 per group) were anesthetized with 7
mL/kg 1% pentobarbital sodium (Sigma, St. Louis, MO,
USA) and sacrificed 24 h after LPS injection. The brains were
collected and deep-frozen in liquid nitrogen and stored at –
80 ◦C until subsequent ELISA. Tissues were weighed and ho-
mogenized in ice-cold normal saline, and amounts of IL-1β
in the mouse brain were determined with ELISA Kits (Ray-
biotech, Norcross, GA,USA) according to themanufacturer’s
instructions. The protein concentrations were measured us-
ing a BCA protein assay (KeyGen Biotech, Nanjing, China),
and their ratio was used as the relative value of IL-1β.

2.8 Statistical analysis

For statistical analysis, all data are presented using Graph-
Pad Prism 6.01 (GraphPad Software Inc., San Diego, CA,
USA) for statistical analysis. One-way analysis of variance
(ANOVA) followed by an LSD test or Tamhane’s T2 test was
performed. And if the data were not normal, Kruskal-Wallis
of the non-parametric test was performed; p values of p <

0.05 were considered significant. All data are shown as mean
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± SD. Statistical analyses were performed using SAS 9.4 soft-
ware (SAS Inc., Raleigh, NC, USA) and SPSS Statistics 25.0
(IBM, Armonk, NY, USA).

3. Results
3.1 Rb1 improves the locomotive activity in the open-field test
following the LPS challenge

It has been reported that systemic inflammation induced
by LPS can lead to behavioral disorders, including sensori-
motor deficits and cognitive impairment. Thus, we firstly
investigated the effects of Rb1 on the LPS-induced behav-
ior changes by using the open-field test, which is regarded
as a comprehensive quantitative assessment of voluntary ac-
tivities and exploration behaviors [19]. Compared to con-
trol mice, reduced voluntary locomotor activity as indicated
by slow walking and decreased activity was observed in mice
treated with LPS, as shown in Fig. 2. Rb1 treatment im-
proved the abnormal behavior caused by LPS, manifested
as prolonged movement distance and increased movement
speed (Fig. 2B–F), although the dose–effect relationship is not
obvious. The results conclusively indicate that Rb1 relieves
the behavior changes caused by LPS and improves locomo-
tive activity.

3.2 Rb1 improves motor coordination deficits induced by LPS

It has been reported that the beamwalking assay is a more
sensitive tool for monitoring sensorimotor function in ro-
dents than locomotor studies [16]. To further examine the
effect of Rb1 on motor impairment in LPS mice, we investi-
gated motor coordination using the beam walking test with
some modification [16, 18, 20]. The crossing performance is
scored, and the time crossing the beam is recorded. A higher
score indicates a better crossing performance. After two days
of training, most mice can cross the beam within a few sec-
onds. Mice with poor training performance were excluded
from the cohort. On the third day, the beam walking perfor-
mance was tested. There were no foot slips or falls observed
in control mice (Fig. 3A). However, as shown in Fig. 3, LPS
mice were becoming slowwhen crossing the beam, and a sig-
nificant number of foot slips or falls were observed in LPS-
treated mice (Fig. 3B,D). Some of the LPS-treated mice could
not cross the beam, and some could not even place their limbs
on the beam (Fig. 3C). Compared to LPSmice, themice in the
20 mg/kg and 40 mg/kg groups had a much better perfor-
mance crossing the beam, with fewer foot slips (Fig. 3E,F).
No falls were observed in both the Rb1 20 mg/kg and 40
mg/kg groups. The results suggest that Rb1 improved the
motor coordination of LPS treated mice.

3.3 Rb1 attenuates LPS-induced neuron injury in the brain

The primary somatosensory cortex and hippocampus are
important sections of the brain responsible for regulating
voluntary and involuntary movement. They also facilitate
the control of motor coordination [21]. To explore the
underlying reason for the locomotor changes, we investi-
gated the neuronal injury in the cortex and hippocampus

by immunostaining neurons with NeuN, a neuronal nuclear
marker [22], in S1Tr, S1BF, and S2 areas of the somatosen-
sory cortex and CA1 in the hippocampus (Fig. 4A). As shown
in Fig. 4, LPS treatment mildly reduced the NeuN in all the
above regions compared to the control mice (Fig. 4B–D).
Rb1 20 mg/kg and 40 mg/kg treatments significantly at-
tenuated LPS-induced neuronal loss (Fig. 4B–D). However,
Rb1 40 mg/kg did not show a greater effect than 20 mg/kg.
The above immunostaining results indicate that Rb1 protects
neurons from LPS-induced damage.

3.4 Rb1 suppresses LPS-induced microglial activation and IL-1β
production in the brain

Excessively activatedmicroglia are suggested to be directly
or indirectly involved in neuroinflammation and consequent
neuronal injury [11, 14]. To understand the neuroprotec-
tive effects of Rb1 following LPS insult, we investigated mi-
croglial activation as depicted by IBa-1-positive cells in CA1,
S1Tr, S1BF and S2 areas. The production of IL-1β, one of
the most important pro-inflammatory cytokines released by
microglia [23], was also monitored. As shown in Fig. 5, LPS
induced an obviousmicroglial activationwith thicker protru-
sions and larger cell soma (Fig. 5A). The IL-1β in the brain
of LPS mice was significantly higher than that in control
mice (Fig. 5C). Rb1 treatment significantly suppressed the
microglial activation in CA1, S1Tr, S1BF, and S2 areas and
inhibited the IL-1β production induced with LPS (Fig. 5A–
C). The results suggest that Rb1 effectively attenuated the
LPS-induced microglial activation and IL-1β production.

3.5 Rb1 upregulated the expression of GLT-1 and GS in the brain
of LPS mice

Astrocytes and microglia are two interrelated and inter-
acting cells involved in maintaining brain function. Systemic
exposure to endotoxin has been shown to activate microglia
and astrocytes [24]. LPS-induced astrocytes activated to A1
subtypes are suggested to be harmful to neurons in the brain
[25]. Although the mechanisms by which A1 subtypes act
as “bad players” remain unknown, it is helpful to monitor
the GLT-1 and GS after LPS insult because more than 90%
of the glutamate released into the synaptic cleft is not taken
by GLT-1 on the astrocyte membrane, and most of the glu-
tamate entering into astrocytes is converted into glutamine
by GS to avoid excitotoxicity [26]. As shown in Fig. 6, sys-
temically LPS administration led to reactive astrogliosis in
hippocampus CA1 characterized by hypertrophy and an in-
creasing number of GFAP-labeled cells, along with consid-
erable expression of GLT-1 transporter (Fig. 6A,B,E). How-
ever, the expression of GS was reduced after LPS treatment
(Fig. 6C,D,F). Rb1 20 mg/kg and 40 mg/kg treatments fur-
ther enhanced the production GLT-1 in astrocytes after LPS
insult and significantly attenuated the GS reduction induced
by LPS, which was confirmed by both immunostaining and
Western Blot analysis. The results reveal that Rb1 can fur-
ther increase the expression of GLT-1 and attenuate the GS
reduction induced by LPS insult.
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Fig. 2. Rb1 improved the locomotive activities in LPS-treated mice. The locomotive activity was monitored using the open-field test between 20 h and
24 h after the LPS injection. The track maps of different groups (A), and quantitative analysis of total distance, crossing lines, moving and stand still duration,
average velocity during 5 min (B–F) are listed. Data are represented as mean± SD (n = 20). ###p< 0.001 versus the control group; *p< 0.05 versus the LPS
group.

4. Discussion
We demonstrated that Rb1 administered in advance has

neuroprotective effects in LPS-injected mice. Rb1 can im-

prove the locomotor function and motor coordination of
LPS mice. Rb1 can prevent neuronal cell loss and inhibit
neuroinflammation in the hippocampus and somatosensory
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Fig. 3. Rb1 improved LPS-inducedmotor coordination deficits. The beamwalking assay was used to determine motor coordination between 20 h and 24
h after LPS injection. The images illustrate the performance for the beam walking test, including traversing the beam normally (A), or hindfoot slips (B) with
difficulties to place the hindfoot on the beam (C) or falls from the beam (D). The performance of the mice crossing the beamwas as evaluated with scoring (E),
and a higher score represents a better performance on the beam. The time crossing the beam to reach the goal box was also recorded (F). Data are represented
as mean± SD (n = 20). ###p< 0.001 versus the control group; *p< 0.05, **p<0.01, ***p< 0.001 versus the LPS group.

cortex caused by LPS injection. In addition, Rb1 can fur-
ther enhance the LPS-induced GLT-1 expression and allevi-
ate LPS-induced GS reduction in the brain. Taken together,
Rb1 has neuroprotective effects against LPS-induced neu-
roinflammatory lesions in the brain of mice. Rb1 regulation
of the expression of GLT-1 and GS may be involved in its
effects.

We presumed that the Rb1 improvement in LPS-induced
locomotor and motor coordination deficits reduced volun-
tary activities, decreased locomotor speed, and impaired mo-
tor coordination) due to its neuronal protection on the so-
matosensory cortex and hippocampus. As illustrated by
NeuN immunostaining, 24 h following i.p. injection of LPS
at 3 mg/kg, there is evidence of neuronal loss in S1Tr, S1BF,
and S2 of the somatosensory cortex, as well as in CA1 of the
hippocampus. Rb1 administered on 7 consecutive days in ad-
vance significantly alleviated the LPS induced neuronal loss
and improved the motor functions in LPS mice. These re-
sults not only confirm our presumption as mentioned above,
but they also shed light on the findings that Rb1 improves
learning and memory, as well as the sensorimotor system, in
several other studies [27–29].

In the brain, inflammatory response, termed neuroin-
flammation, is a fundamental response generated to protect
the neuronal system. Microglia is the key player in neuroin-
flammation in the brain. Microglia engage in environmental
surveillance in the “rest” stage by constantly sampling areas
around them to maintain homeostasis [11, 30]. Upon acti-
vation, microglia can release several cytokines and process
the intruders or “dying” cells to prevent further injury. How-
ever, uncontrolled or prolonged microglial activation is po-
tentially harmful and can result in other neuronal lesions. We
found that LPS induced a profoundmicroglial activationwith
significantly increased IL-1β production, which is an indi-
cator of “bad” microglia as M1 stage. Treatment with Rb1
markedly reduced the microglia activation and IL-1β pro-
duction caused by LPS insult, suggesting an important role
of Rb1 attenuating neuroinflammation in its neuroprotective
effects.

Astrocytes play an essential role in maintaining glutamate
homeostasis depending on excitatory amino acid transporters
(EAATs) and GS. GLT-1 is preferentially expressed in astro-
cytes and transfers glutamate from the synaptic cleft to as-
trocytic intracellular space to avoid glutamate excitotoxicity
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Fig. 4. Rb1 attenuated neuron loss in the brain following LPS treatment. Immunostaining was performed 24 h after LPS i.p. injection. The NeuN
positive cells in CA1, S1Tr, S1BF, and S2 were monitored (Red boxes) (A). The immunostaining of NeuN-labeled cells (Green) was presented in CA1, S1Tr,
S1BF, and S2 areas (B). NeuN+DAPI or NeuN positive cells in the hippocampus (C) and somatosensory motor cortex (D) were counted. Data are represented
as mean± SD (n = 6). ###p< 0.001 versus the control group; *p< 0.05, **p< 0.01, and ***p< 0.001 versus the LPS group.
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Fig. 5. Rb1 treatment suppressed the LPS-inducedmicroglial activation and inhibited the production of IL-1β in the brain. IBa-1 immunostaining
and the IL-1β test were performed 24 h after LPS i.p. injection. The IBa-1 positive cells (Red) were shown in CA1, S1Tr, S1BF, and S2 area (A). The nuclei
were stained with DAPI (Blue). The IBA1 cells in CA1, S1Tr, S1BF, and S2 were counted (B). The IL-1β production in the brain was analyzed with ELISA
(C). Data are represented as mean± SD (n = 6 or 9). ###p< 0.001 versus the control group; **p< 0.01 and ***p< 0.001 versus the LPS group.

[31]. Once taken up by astrocytes, in addition to re-entry into
the extracellular space or TCA cycle, most of the glutamate
coverts to glutamine byGS [26], which serves as the substrate

for the synthesis of glutamate and GABA in corresponding
neuronal cells. Recent findings suggest that sustained mi-
croglial activation leads to failure in astrocytic normal resolu-
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Fig. 6. Rb1 upregulated the expression of GLT-1 and GS in LPS mice. Western Blot and immunostaining were performed 24 h after LPS i.p. injection.
Expressions of GLT-1 and GS in the brain were evaluated by Western blot analysis (A,C). The quantification of GLT-1 and GS were normalized by the
expression of β-actin (B,D). Dual immunofluorescence staining with GFAP and GLT-1 or GS in the CA1 region of the hippocampus (E,F). GLT-1 and GS
(Red), GFAP (Green). GLT-1 was expressed in astrocytes (Yellow arrows), GS was expressed in astrocytes (Red arrows). Data are represented as mean± SD
(n = 3~6). #p< 0.05, ##p< 0.05 versus the control group; *p< 0.05, **p< 0.01 versus the LPS group.

tionmechanisms of excitatory glutamate [14, 32, 33]. Present
findings show that LPS insult resulted in an increased GLT-
1expression and decreased GS expression, indicating a com-
promised function of glutamate cycling, which is believed to
participate in gliotoxic effects of LPS due to overloading of
glutamate inside the astrocytes [32, 34, 35]. Promisingly, for
the first time, we found that Rb1 further enhanced the GLT-
1 expression and significantly increased the GS expression in
the brain of LPSmice. This result explains from another per-
spective why Rb1 has neuroprotective effects against LPS in-
sult.

The ginsenosides, also known as steroid-like saponins,
are the major active pharmacological components of gin-
seng. More than 100 ginsenosides have been identified [36].
Several recent studies have presented evidence showing that
ginsenosides could be used to prevent and treat various in-
flammatory diseases [36]. It was reported that ginsenoside
Rb1 is regarded as the main compound responsible for the
neuroprotective effects of ginsenosides [13]. In addition,
our previous findings suggest that Rb1 plays a protective
role in astrocytic dysfunction in light of enhanced expres-

sion of GLT-1and GS following oxygen and glucose depri-
vation (OGD/R). We demonstrated that Rb1 has neuropro-
tective effects against LPS insult and can regulate the gluta-
mate cycling system, indicated by GLT-1 and GS. Given the
importance of glutamate in brain function, it is reasonable
to assume that regulating GLT-1/GS may be the common
mechanism for Rb1 protecting neuron lesions in various in-
sults. This is further supported because, in addition to LPS
insult and OGD/R insult, we also found that Rb1 can signifi-
cantly alleviate pentylenetetrazol-induced seizure symptoms
inmice and improve GLT-1/GS expression in the brain (Un-
published results).

5. Conclusions
In conclusion, our findings indicate that Rb1 has neuro-

protective effects against LPS insults in mice, closely corre-
lated with the Rb1 improvement of somatosensory motor
impairment. Rb1 regulation of perturbation glial cells, in-
cluding microglia and astrocyte, may involve its neuropro-
tection. Until now, scientific evidence has been lacking as
to why ginsenosides (including Rb1) have been reported to
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have neuronal protective effects against several distinct in-
sults. The present work may shed light on understanding the
underlying mechanisms. This further understanding of the
mechanism by which Rb1 regulates the GLT-1/GS system
further supports its potential for treating neurodegenerative
diseases.
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