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Abstract. Ginkgolide B (GB) is widely used in the treat‑
ment of neurological diseases and exerts anti‑inflammatory 
and neuroprotective effects. Microglia serve an important 
role in central nervous inflammation. The present study 
investigated the effect of GB on central nervous inflam‑
mation in vivo and in vitro. BV2 cells were activated with 
lipopolysaccharide (LPS) to establish a cellular model of 
neuroinflammation. Cell viability was determined using the 
Cell Counting Kit‑8 assay and the secreted levels of TNF‑α, 
IL‑1 and IL‑6 were measured using ELISAs. The levels of 
nitric oxide (NO) was assessed using Griess assays. In addi‑
tion, the mRNA and protein expression levels of inducible 
NO synthase and cyclooxygenase‑2 (COX‑2) were detected 
using reverse transcription‑quantitative PCR and western 
blot analyses, respectively. Transwell assays were carried out 
to evaluate the cell migratory ability. For the in vivo studies, 
an LPS‑induced neuroinflammation model was established in 
C57 mice. Western blot analysis and immunohistochemistry 
were performed to detect the expression of the microglial 
marker allograft inflammatory factor 1 in the hippocampal 
dentate gyrus and striatum. The expression levels of TNF‑α, 
IL‑1 and IL‑6 in the hippocampal dentate gyrus and striatum 
were assessed using western blot analysis. The results revealed 
that GB reduced the inflammatory response and migration 
of LPS‑induced BV2 cells. Furthermore, GB attenuated the 
activation of BV2 cells of the hippocampal dentate gyrus and 
striatum in the LPS‑induced mice with neuroinflammation. 
Taken together, the findings of the present study demonstrated 
that GB alleviated the inflammatory response and attenuated 
the activation of LPS‑induced BV2 cells in vitro and in vivo.

Introduction

Neuroinflammation is the general term used to describe peripheral 
nerve inflammation and degenerative diseases caused by various 
lesions (1). Neuroinflammation is associated with the progres‑
sion of several neurological diseases and is a sign of neurological 
complications. In addition, neuroinflammation mainly occurs 
in the central nervous system (brain) and is usually caused by 
infection, irritation or trauma (2). Nerve tissue necrosis, cerebral 
palsy, stroke, brain cancer, brain dementia, brain death and other 
factors have been associated with neuroinflammation (3).

The central nervous system mainly consists of two types 
of cells, neurons and glial cells (4). Glial cells are divided into 
oligodendrocytes, astrocytes and microglial cells (5). Microglial 
cells are immune effector cells. Central nervous system inflam‑
mation is caused by the activation of microglial cells and the 
release of cytokines and inflammatory mediators (6). Normally, 
microglial cells are in a resting state as neurons secrete inhibi‑
tory factors (7). During injury or disease, under the influence 
of pro‑inflammatory stimuli, microglial cells are activated, 
secrete cytokines and chemokines, and recruit blood‑derived 
immune cells to the central nervous system, thus amplifying 
the inflammatory response of the central nervous system (7). 
However, due to the excessive release of pro‑inflammatory cyto‑
kines and neurotoxins, M1‑type microglial cells may become 
overactivated and produce excessive amounts of cytokines and 
chemokines, which in turn, promotes neurotoxicity, damages 
neurons and can even lead to neuronal death, thus aggravating 
inflammation of the central nervous system (8,9).

Ginkgolide B (GB) is a terpene lactone in the ginkgolide 
extracts. Currently, GB is widely used in the treatment of neuro‑
logical diseases, including cerebral ischemia (10). Emerging 
evidence has suggested that GB exerts anti‑inflammatory and 
neuroprotective effects (11,12). GB alleviates hypoxia‑induced 
hippocampal neuron injury in mice through inhibiting oxida‑
tive stress and cell apoptosis (13). Furthermore, GB promotes 
the differentiation of neural stem cells following cerebral 
ischemia‑reperfusion injury (14). However, the effect of GB on 
the inflammatory response and activation of microglial cells, 
to the best of our knowledge, has not been reported.

The aim of the present study was to investigate the effects 
of GB on the activation and inflammatory response of microg‑
lial cells in vivo and in vitro, thus providing a theoretical basis 
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for the clinical application of GB in the treatment of neuroin‑
flammatory diseases.

Materials and methods

Cell culture and treatment. The murine microglial cell line 
BV2 was purchased from The Cell Bank of Type Culture 
Collection of The Chinese Academy of Sciences and cells were 
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.) and penicillin‑streptomycin (100 µg/ml; Thermo Fisher 
Scientific, Inc.) at 37˚C in a humidified atmosphere with 5% 
CO2. The supplemented DMEM was prepared under aseptic 
conditions (DMEM:FBS, 9:1). GB (cat. no. 15291‑77‑7; purity, 
>98%) was purchased from Shanghai Yuanye Biological 
Technology Co., Ltd. A total of 100 ng/ml lipopolysaccharide 
(LPS; cat. no. S1732; Beyotime Institute of Biotechnology) 
was used to stimulate BV2 in six‑well plates at a density of 
5x105 cells/well for 6 h at 37˚C to mimic the inflammatory 
environment in the brain.

Establishment of neuroinflammation mouse model. A total 
of 25 male C57BL/6J mice, aged 8 weeks were provided by 
the First Affiliated Hospital of Wenzhou Medical University 
(Wenzhou, China). The study protocol was approved by 
the Ethics Committee of the First Affiliated Hospital of 
Wenzhou Medical University. All procedures were in 
compliance with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals. To evaluate the 
anti‑inflammatory effects of GB in vivo, mice were divided 
into the following five groups: Control, LPS, GB 30 µmol/l + 
LPS, GB 60 µmol/l + LPS and GB 120 µmol/l + LPS groups 
(n=5/group). Mice in the GB + LPS groups were treated daily 
by gavage with 30, 60 and 120 µmol/l of GB for 3 days. Mice 
in the LPS and control groups were treated with intragas‑
tric administration of the same dosage of normal saline for 
3 days. Following the last intragastric administration of GB 
or normal saline for 1 h, the mice in the LPS groups were 
intraperitoneally injected with 5 mg/kg of LPS and after 
24 h, all mice were anesthetized with intraperitoneal injec‑
tion of 10% chloral hydrate (400 mg/kg) (15,16). The animals 
treated with chloral hydrate did not exhibit any evident signs 
of peritonitis. Subsequently, ~0.35 ml of orbital blood was 
collected from each mouse and the supernatant was isolated 
by centrifugation at 300 x g at 4˚C for 10 min and stored in 
a refrigerator at ‑80˚C. Mice were then sacrificed by cervical 
dislocation and euthanasia was confirmed by the cessation of 
heartbeat. Whole brains were then removed and fixed with 
4% formaldehyde for 24 h at 4˚C. 

Cell Counting Kit‑8 (CCK‑8) assay. Cell viability was 
assessed using a CCK‑8 assay (Dojindo Molecular 
Technologies, Inc.). Cells were seeded in 96‑well plates 
at a density of 1x103  cells/well and cultured for 24  h. 
Subsequently, the cells were treated with LPS and GB as 
aforementioned. Each well was then supplemented with 
10  µl of CCK‑8 reagent and the plates were incubated 
at 37˚C for 4 h. The absorbance in each well was measured 
at 450 nm using a Spectra Max 190 Enzyme standard instru‑
ment (Molecular Devices LLC).

ELISA. The secretion levels of IL‑6 (cat. no. DY406), IL‑1β 
(cat.  no.  DY401) and TNF‑α (cat.  no.  DY410) (all from 
R&D Systems, Inc.) in plasma and tissues were measured 
using Duoset ELISA kits according to the manufacturer's 
instructions.

Reverse transcription‑quantitative PCR (RT‑qPCR) 
analysis. Total RNA was extracted from cells and tissues 
using an RNA Extraction kit (cat.  no.  9767) and cDNA 
was synthesized using the PrimeScript® 1st Strand cDNA 
Synthesis kit (cat. no. D6110A) (both from Takara Bio, Inc.). 
The temperature protocol of the reverse transcription was 
42˚C for 30 min, followed by 85˚C for 5 min, according to 
the manufacturer's instructions. The thermocycling condi‑
tions were as follows: 95˚C for 10 min; 30 cycles at 94˚C 
for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec; and 72˚C 
for 10 min, according to the manufacturer's protocol. The 
PCR reactions were carried out using a SYBR green‑based 
system (cat. no. RR82LR; Takara Bio, Inc.) and the gene 
fold changes were calculated using the 2‑ΔΔCq method (17). 
The primer sequences used were as follows: Inducible nitric 
oxide (NO) synthase (iNOS) forward, 3'‑GTC​ACC​TAC​CAC​
ACC​CGA​GAT​G‑5' and reverse, 3'‑CGC​TGG​CAT​TCC​GCA​
CAA​‑5'; cyclooxygenase‑2 (COX‑2) forward, 3'‑TGC​AGT​
GAG​CGT​CAG​GAG​‑5' and reverse, 3'‑CAA​GGA​TTT​GCT​
GTA​TGG​CTG​AG‑5'; and GAPDH (reference gene) forward, 
3'‑ATC​ACT​GCC​ACC​CAG​AAG​‑5' and reverse, 3'‑TCC​ACG​
ACG​GAC​ACA​TTG​‑5'.

Western blot analysis. Total proteins were isolated using a RIPA 
lysis buffer (Sigma‑Aldrich; Merck KGaA) and their concen‑
tration was measured using a BCA protein assay kit (Beyotime 
Institute of Biotechnology). Proteins (25 µg/lane) were sepa‑
rated by 10% SDS‑polyacrylamide gel electrophoresis and 
transferred onto PVDF membranes. Membranes were blocked 
with 5% skimmed milk (Beyotime Institute of Biotechnology) 
for 1  h at room temperature. Following blocking, the 
membranes were first incubated with primary antibodies over‑
night at 4˚C and then with the corresponding goat anti‑rabbit 
horseradish peroxidase‑conjugated secondary antibodies 
(dilution, 1:5,000; cat. no. ab181658; Abcam) at room tempera‑
ture for 2 h. Finally, The ECL™ Western Blotting Analysis 
System (Cytiva) and the ImageJ software (version 1.46; National 
Institutes of Health) were used to detect the protein blots. In 
the present study, the following primary antibodies were used: 
Anti‑iNOS (dilution, 1:1,000; cat. no. ab178945), anti‑COX‑2 
(dilution, 1:1,000; cat. no. ab179800), anti‑allograft inflam‑
matory factor 1 (Iba‑1; dilution, 1:1,000; cat. no. ab178846), 
anti‑TNF‑α (dilution, 1:1,000; cat. no. ab215188), anti‑IL‑1β 
(dilution, 1:1,000; cat. no. ab2105), anti‑IL‑6 (dilution, 1:1,000; 
cat.  no.  ab233706) and anti‑GAPDH (dilution, 1:1,000; 
cat. no. ab8245) (all from Abcam). An additional anti‑GAPDH 
antibody (dilution, 1:1,000; cat. no. 5174S) was obtained from 
Cell Signaling Technology, Inc. 

Determination of NO production. NO levels in the culture 
medium were directly measured using Total Nitric Oxide 
Assay Kit (cat. no. S0023; Beyotime Institute of Biotechnology). 
Culture supernatants (50 µl) were mixed with 100 µl Griess 
reagent and incubated for 3 min at room temperature. The 
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absorbance of each reaction was measured at 540 nm on a 
microplate spectrophotometer.

Transwell assay. A Transwell chamber (24‑well; 8.0‑µm 
pore membranes; Corning, Inc.) was used according to the 
manufacturer's instructions. Briefly, the inserts had been 
precoated with Matrigel (BD Biosciences) at 37˚C for 30 min. 
105 cells/well were seeded into the upper chamber in 100 µl 
of serum‑free DMEM, while the lower chamber was supple‑
mented with 600 µl of DMEM supplemented with 10% FBS as 
a chemoattractant for 24 h at 37˚C. Cells on the upper surface 
of the membrane were removed using cotton swabs, whereas 
cells on the lower chamber were fixed with 4% paraformalde‑
hyde for 20 min at room temperature and stained with 0.1% 
crystal violet solution for 30 min at room temperature. Finally, 
the cells were counted under a light contrast microscope 
(Olympus Corporation; magnification, x200).

Immunohistochemistry. Tissue samples were fixed in formalin 
for 24 h at room temperature, embedded in paraffin, sectioned 
in 4‑5 µm thickness, and analyzed by immunohistochemistry. 
Briefly, the samples were blocked with 5% normal goat serum 
(cat. no. A7007; Beyotime Institute of Biotechnology) for 1 h 
at room temperature, probed with anti‑Iba‑1 (dilution, 1:1,000; 
cat. no. ab178846; Abcam) at 4˚C overnight and labeled with 
an anti‑rabbit HRP secondary antibody (cat.  no.  ab6721; 
Abcam) for 1 h at room temperature. Antibody reactions were 
visualized using 3,3'‑diaminobenzidine chromogen staining 
for 15 min at room temperature and the slides were then coun‑
terstained with hematoxylin for 3 min at room temperature. 
Stained tissue sections were observed under a light microscope 
(Leica Microsystems, Inc.; magnification, x200).

Statistical analysis. All data were analyzed with the 
GraphPad Prism 7.0 software (GraphPad Software, Inc.). 
Comparisons among multiple groups were analyzed using 
one‑way ANOVA followed by Tukey's post hoc test. The 
data in the present study are presented as the mean ± SD. All 
experiments were repeated three times independently. P<0.05 
was considered to indicate a statistically significant difference. 

Results

GB reduces the inflammatory response and oxidative 
stress of LPS‑induced BV2 cells. A CCK‑8 assay was 
used to evaluate the effect of GB at various concentrations 
(0, 30, 60 and 120 µmol/l) on the activity of LPS‑induced 
BV2 cells. The results are presented in Fig. 1. There was no 
significant difference in the viability of cells treated with or 
without LPS, indicating that treatment of cells with LPS and 
GB at the various concentrations had no significant effect on 
the activity of BV2 cells. Therefore, cells were first induced 
with LPS to establish the BV2 cell model and then treated 
with different concentrations of GB. ELISAs were carried out 
to determine the effects of GB on LPS‑induced inflammatory 
factors and oxidative stress. The results demonstrated that 
the LPS‑induced expression levels of IL‑1β, IL‑6 and TNF‑α 
were significantly increased compared with that in the control 
group. The secretion levels of IL‑1β, IL‑6 and TNF‑α in the 
GB + LPS group were notably decreased in a dose‑dependent 

manner compared with the LPS group (Fig. 2A). Furthermore, 
Griess assays were used to measure the levels of NO. 
Compared with the control group, the levels of NO were 
significantly increased in the LPS group. Additionally, 
the expression levels of NO in the GB + LPS groups were 
reduced in a concentration‑dependent manner compared with 
the LPS group (Fig. 2B). The expression patterns of iNOS 
and COX‑2 were consistent with that of NO, as determined by 
western blotting (Fig. 2C) and RT‑qPCR (Fig. 2D) analyses. 
These findings indicated that GB attenuated the LPS‑induced 
inflammatory response and oxidative stress.

GB alleviates the LPS‑induced migration of BV2 cells. A 
transwell assay was carried out to evaluate the cell migra‑
tory ability. As shown in Fig.  3A  and  B, compared with 
the untreated control group, the cell migratory ability in 
the LPS group was notably enhanced. In addition, the cell 
migratory ability in the GB + LPS groups was decreased in a 
dose‑dependent manner compared with the LPS group. These 
results suggested that GB alleviated LPS‑induced BV2 cell 
migration.

GB reduces the activation of microglial cells in the hippo‑
campal dentate gyrus and striatum of LPS‑induced mice. 
Subsequently, the in vivo effects of GB on the activation of 
BV2 cells and the inflammatory response of cells of the hippo‑
campal dentate gyrus and striatum microglia were investigated 
in LPS‑induced mice. The expression levels of Iba‑1, a microg‑
lial cell surface protein marker, were determined to evaluate 
the activation status of BV2 (18). The western blotting results 
revealed that, compared with the control group, the expres‑
sion levels of Iba‑1 in the dentate gyrus of the hippocampus of 
mice were significantly increased. In addition, compared with 
the LPS group, Iba‑1 expression in the GB + LPS group was 
notably decreased in a GB concentration‑dependent manner 
(Fig. 4A). The expression status of Iba‑1 in the striatum was 
consistent with that in the dentate gyrus (Fig. 4B). In addi‑
tion, the expression of Iba‑1 in the hippocampal dentate gyrus 
(Fig. 4C) and striatum (Fig. 4D) of mice was also evaluated by 
immunohistochemistry. Compared with the control group, 

Figure 1. Effects of GB on cell viability. Cell Counting Kit‑8 assays 
were used to detect the viability of LPS‑treated cells. GB, ginkgolide B; 
LPS, lipopolysaccharide. 
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Figure 2. GB reduces the inflammatory response and oxidative stress of BV2 cells induced by LPS. (A) The expression levels of inflammatory cytokines 
in cells were detected using ELISA. (B) Griess assays detected the expression of NO. (C) Western blotting detected the protein expression levels of oxida‑
tive stress‑related proteins. (D) reverse transcription‑quantitative PCR detected the mRNA expression levels of oxidative stress related proteins. ***P<0.001 
vs. control; #P<0.05, ##P<0.01 and ###P<0.001 vs. the LPS only‑treated group. COX‑2, cyclooxygenase‑2; GB, ginkgolide B; iNOS, inducible NO synthase; 
LPS, lipopolysaccharide; NO, nitric oxide. 
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more Iba‑1 positive cells in the dentate gyrus of the hippo‑
campus and striatum were apparent in the LPS group. In 
addition, compared with the LPS group, the number of Iba‑1 
positive cells in the dentate gyrus of the hippocampus and 
striatum in the GB + LPS group was notably decreased in 

a GB concentration‑dependent manner. The results were 
consistent with those observed in the western blot analysis. 
Overall, the results demonstrated that GB attenuated the acti‑
vation of LPS‑induced microglial cells in the hippocampal 
dentate gyrus and striatum.

Figure 3. GB alleviates migration of BV2 cells induced by LPS. (A) Transwell assays were used to detect the cell invasion rate (magnification, x200). 
(B)  Quantification of the cell invasion rate. ***P<0.001 vs. control; #P<0.05 and ###P<0.001 vs. the LPS only‑treated group. GB, ginkgolide B; 
LPS, lipopolysaccharide. 

Figure 4. GB attenuates the activation of microglial cells in hippocampal dentate gyrus and striatum of mice induced by LPS. Western blotting detected 
the protein expression levels of Iba‑1 in the (A) hippocampal dentate gyrus and (B) striatum. Immunohistochemistry detected the expression of Iba‑1 in 
the (C) hippocampal dentate gyrus and (D) striatum. Magnification, x200. ***P<0.001 vs. control; ##P<0.01 and ###P<0.001 vs. the LPS only‑treated group. 
GB, ginkgolide B; Iba‑1, allograft inflammatory factor 1; LPS, lipopolysaccharide. 
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GB reduces the inflammatory response in the hippocampal 
dentate gyrus and striatum of LPS‑induced mice. Subsequently, 
the expression levels of TNF‑α, IL‑1β and IL‑6 in the hippo‑
campal dentate gyrus and striatum of LPS‑induced mice were 
also detected, (Fig. 5). The western blotting results revealed 
that the protein expression levels of TNF‑α, IL‑1β and IL‑6 

in the hippocampal dentate gyrus of LPS‑induced mice were 
significantly increased compared with that in the control 
group. Compared with the LPS only‑treated group, the expres‑
sion of TNF‑α, IL‑1β and IL‑6 in the hippocampal dentate 
gyrus of mice treated with various concentrations of GB + 
LPS was decreased in a dose‑dependent manner (Fig. 5A). The 

Figure 5. GB reduces the inflammatory response in the hippocampal dentate gyrus and striatum of mice induced by LPS. The protein expression levels of 
inflammatory cytokines in cells were detected using western blotting in the (A) hippocampal dentate gyrus and (B) striatum. ***P<0.001 vs. control; #P<0.05, 
##P<0.01 and ###P<0.001 vs. the LPS only‑treated group. GB, ginkgolide B; LPS, lipopolysaccharide. 
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expression patterns of all three cytokines in the striatum were 
consistent with those observed in the hippocampal dentate 
gyrus (Fig. 5B). These findings indicated that GB reduced 
the expression of TNF‑α, IL‑1β and IL‑6 in the hippocampal 
dentate gyrus and striatum of LPS‑induced mice. 

Discussion

In the present study, BV2 microglial cells were induced with 
LPS to establish a neuroinflammation cell model in vitro. 
Various concentrations of GB inhibited the inflammatory 
response and cell activation of LPS‑induced BV2 microglial 
cells. In vivo, the results demonstrated that GB attenuated the 
activation and inflammatory response of microglial cells in the 
hippocampal dentate gyrus and striatum in the neuroinflam‑
mation mouse model.

Neuroinflammation is a complex and ordered process, 
involving a variety of glial and peripheral immune cells of the 
central nervous system (7). Neuroinflammation is usually medi‑
ated by activated microglia and astrocytes via the secretion of 
pro‑inflammatory cytokines (19). Microglia are the resident 
immune cells in the brain (20). A moderate neuroinflamma‑
tory response mediated by microglia is the defense mechanism 
of the central nervous system against infection and injury (21), 
while persistent or excessive inflammatory responses can 
lead to progressive nerve cell damage and dysfunction (22). A 
previous study has shown that excessive neuroinflammation 
induced by microglia activation is an important pathological 
mechanism for the occurrence and development of neurode‑
generative diseases (23). Therefore, inhibiting the continuous 
activation of microglia and reducing the excessive release of 
pro‑inflammatory mediators are considered to be effective 
interventions for the prevention and treatment of neurode‑
generative diseases (24). Herein, BV2 microglial cells were 
induced with LPS to establish a neuroinflammation model. 
Subsequently, the activation of hippocampal dentate gyrus and 
striatum microglia was evaluated following LPS induction in 
mice to determine whether the neuroinflammatory response 
was successfully induced. 

NO is an important inflammatory mediator produced by 
the body and its excessive production is closely associated with 
various neurodegenerative diseases  (25). Microglia express 
iNOS in the activated state, which promotes the production of 
a large amount of NO (16). Excessive NO activates NF‑κB and 
induces the production of inflammatory factors such as IL‑1β 
and TNF‑α. The production of these inflammatory factors, in 
turn, activates iNOS and further promotes the body to produce 
more NO, thereby producing a sustained toxic effect on cells. It 
has been reported that tissue trauma or infection may cause the 
release of pro‑inflammatory cytokines, such as peripheral and 
central IL‑1β, TNF‑α and IL‑6 (26). A previous study showed 
that Porphyromonas gingivalis LPS induced neuronal inflamma‑
tion in C57BL/6 mice and significantly increased the expression 
levels of IL‑6, TNF‑α and IL‑1β (27). In the present study, the 
expression of TNF‑α, IL‑1β and IL‑6 in BV2 cells, as well as the 
hippocampal dentate gyrus and striatum of C57BL/6 mice, was 
also significantly increased following induction with LPS.

GB exerts anti‑inflammatory and antioxidant pharmaco‑
logical effects (28). In HUVECs, GB mediates the inhibition 
of inflammatory cascades and alters lipid metabolism through 

targeting the expression and function of proprotein convertase 
subtilisin/kexin type 9 (11). In addition, GB regulates myocar‑
dial inflammation induced by ischemia‑reperfusion injury via 
the A20/NF‑κB signaling pathway (29). In the present study, 
GB inhibited the expression of inflammation‑related factors in 
LPS‑induced microglial cells and inhibited the activation of 
microglial cells, suggesting that GB may serve a therapeutic 
role in LPS‑induced neuroinflammation.

Attention should be paid to the following limitations in the 
present study. Through in vivo and in vitro experiments, it was 
demonstrated that GB inhibited LPS‑induced neuroinflam‑
mation and microglial cell activation; however, the specific 
mechanism of action remains to be further explored. In addi‑
tion, the effect of GB on other cells in neuroinflammation, 
such as neuronal cells, oligodendrocytes or astrocytes, and 
whether GB can also inhibit the inflammation and activation 
of these cells remains to be explored.

Overall, the findings of the present study revealed that 
GB alleviated the inflammatory response and activation of 
LPS‑induced BV2 cells in vivo and in vitro, thus providing 
the theoretical basis for the clinical application of GB in the 
treatment of neuroinflammation.
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