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Abstract. Epilepsy is a syndrome involving chronic recur-
rent transient brain dysfunction. Activation and proliferation 
of microglia serve important roles in epilepsy pathogenesis 
and may be targets for treatment. Although osthole, an active 
constituent isolated from Cnidium monnieri (L.) Cusson, has 
been demonstrated to improve epilepsy in rats, its underlying 
mechanism remains to be elucidated. The present study 
investigated the effect of osthole on proliferation of kainic 
acid (KA)‑activated BV‑2 cells and explored the molecular 
mechanism by which it inhibited their proliferation. Using 
Cell Counting Kit‑8, enzyme‑linked immunosorbent assay, 
reverse transcription‑quantitative PCR, western blot analysis 
and immunofluorescence staining, it was identified that 
following exposure of KA‑activated BV‑2 cells to 131.2 µM 
osthole for 24 h, cell proliferation and release of tumor necrosis 
factor α, interleukin 6 and nitric oxide synthase/induced nitric 
oxide synthase were significantly inhibited (P<0.05). Further 
experiments revealed that osthole significantly downregulated 
mRNA and protein levels of Notch signaling components in 
KA‑activated BV‑2 cells (P<0.05). Therefore, it was hypoth-
esized that osthole inhibited the proliferation of microglia by 
modulating the Notch signaling pathway, which may be useful 
for the treatment of epilepsy and other neurodegenerative 
diseases characterized by Notch upregulation.

Introduction

Epilepsy affects ~50 million people worldwide (1). Currently, 
epilepsy is the second most common neurological disorder 

after headache; in China alone, there are >9 million epileptic 
patients and the prevalence is increasing every year  (2). 
Almost one third of patients with epilepsy require lifelong 
treatment with one or more anti‑epileptic drugs. At present, the 
majority of anti‑epileptic drugs aim to prevent the abnormal 
discharge of neurons by affecting the function or structure 
of ion channels and neurotransmitters; however, ~30% of 
patients have seizures that are refractory to available medica-
tions (3,4). Therefore, it is important to develop new effective 
alternative and complementary methods to treat epilepsy. The 
pathological characteristics of epilepsy include hippocampal 
sclerosis, the decrease or even complete disappearance of 
significant numbers of neurons and significantly activated 
proliferation of astrocytes and microglia in brain tissue (5,6). 
Zhvaniia et al (6) demonstrated that the predominant char-
acteristic of epilepsy is proliferation and hypertrophy of 
astrocytes and activation of microglia. Therefore, inhibiting 
the activation and proliferation of microglial cells may be an 
effective means to prevent the occurrence and development 
of epilepsy.

Osthole, 7‑methoxy‑8‑(3‑methyl‑2‑butenyl) coumarin, 
is a coumarin derivative clinically ingested as an important 
ingredient of medicinal plants and herbs in Traditional 
Chinese Medicine and exhibits a number of pharmacological 
and biological activities  (7,8). Osthole can serve an anti-
cancer role by inducing apoptosis of cancer cells, exhibits 
antioxidant effects by increasing adenylate cyclase activity 
and cyclic adenosine monophosphate content and can inhibit 
NF‑κB signal translocation by regulating phosphorylation of 
nuclear factor of κ light polypeptide gene enhancer in B‑cells 
inhibitor α and IκB kinase, thus serving an anti‑inflamma-
tory role by inhibiting chemokine and proinflammatory 
cytokine production (9). In addition, osthole also possesses 
the effects of improving learning disabilities and anti‑osteo-
porosis  (10,11), but its mechanism is seldom studied and 
remains to be elucidated. Luszczki et al (12) demonstrated 
that osthole exerts anti‑electroshock and anticonvulsant 
actions in mice. In our previous study (13), osthole could 
improve behavioral manifestations, including convulsions 
and spasms, during seizures and prolong the seizure incu-
bation period in a rat model of epilepsy induced by kainic 
acid (KA) and could reduce spike and spike‑slow waves in 
an electroencephalogram during epileptic seizures; however, 
the underlying mechanism remains to be elucidated. Thus, 
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osthole warrants further evaluation as a potential therapeutic 
agent for epilepsy.

The Notch signaling pathway is a short‑range signal trans-
duction pathway that mediates numerous cell outcomes during 
development through interactions between adjacent cells (14). 
Notch signaling is involved in the regulation of multiple biolog-
ical processes, including cell proliferation, differentiation and 
apoptosis (15). The Notch signaling pathway consists of Notch 
receptors (Notch 1‑4), Notch ligands (DLL‑1, DLL‑3, DLL‑4, 
Jagged‑1 and Jagged‑2), intracellular effector molecules, regu-
latory molecules and other effector substances in mammals. 
Notch signaling is activated following Notch receptor‑ligand 
binding at the cell surface, which induces cleavage of tumor 
necrosis factor‑α (TNF‑α)‑converting enzyme, a metallo-
protease family member, to release the Notch intracellular 
domain (NICD) of the Notch receptor into the nucleus. The 
NICD binds to recombinant‑recognition‑sequence‑binding 
protein (RBP) at the Jκ site (RBP‑Jκ), which subsequently 
recruits coactivator proteins including mastermind‑like 1. 
The transcriptional targets of Notch signaling are mostly 
genes of basic helix‑loop‑helix family transcription factors, 
primarily HES and HEY  (14,16). Evidence indicates that 
Notch signaling serves an important role in regulating the 
activation of immune cells. In fact, Grandbarbe  et  al  (17) 
demonstrated that inhibition of Notch signaling reduced the 
numbers of activated microglia. Therefore, Notch signaling 
may be a novel and important target to inhibit microglial 
proliferation and improve function in epilepsy. In the present 
study, KA‑activated BV‑2 cells were used to evaluate the 
effect of osthole on microglial proliferation and to further 
explore its mechanism.

Materials and methods

Materials. Dulbecco's modified Eagle's medium (DMEM) and 
Trypsin‑EDTA (0.25%) were obtained from Gibco (Thermo 
Fisher Scientific, Inc.). Fetal bovine serum (FBS) was obtained 
from Macgene Biotech Co., Ltd. KA was obtained from 
Sigma‑Aldrich (Merck KGaA) and osthole was obtained from 
Dalian Meilun Biotech Co., Ltd. Penicillin‑streptomycin solu-
tion and Anti‑Fade Mounting Medium were obtained from 
Beyotime Institute of Biotechnology. Cell Counting Kit‑8 
(CCK‑8) was obtained from Dojindo Molecular Technologies, 
Inc. TriQuick reagent, DAPI solution, phosphate‑buffered 
solution (PBS) and dimethyl sulfoxide were obtained 
from Beijing Solarbio Science & Technology Co., Ltd. 
PrimeScript™ RT Master Mix and TB Green® Premix Ex 
Taq™ II (Tli RNaseH Plus) were obtained from Takara Bio, 
Inc. Rabbit monoclonal anti‑mouse Notch‑1 antibody (product 
code ab52627), rabbit monoclonal anti‑mouse Jagged‑2 anti-
body (product code ab109627), rabbit monoclonal anti‑mouse 
RBP‑Jκ antibody (product code ab180588), rabbit anti‑mouse 
Hes‑1 (product code ab108937) and goat anti‑Rabbit IgG H&L 
(Cy3®) pre‑adsorbed antibody (product code ab6939) were 
obtained from Abcam. Rabbit monoclonal anti‑mouse Notch‑2 
antibody (cat. no. 5732) was obtained from Cell Signaling 
Technology, Inc. Rabbit monoclonal anti‑mouse Jagged‑1 
antibody (cat. no. E‑AB‑30148), mouse interleukin (IL)‑6 
ELISA kit (cat. no. E‑EL‑M0044c), mouse TNF‑α ELISA kit 
(cat. no. E‑EL‑M0049c) and mouse nitric oxide synthase 2 

(NOS2)/inducible i) NOS ELISA Kit (cat. no. E‑EL‑M0696c) 
were purchased from Elabscience.

Cell cultures and treatments. BV‑2 cells, obtained from 
Professor Jinyan Wang (Chinese Medical Sciences University, 
Liaoning, China), were cultured in DMEM supplemented 
with 10% FBS, 100 U/ml penicillin and 100 µg/ml strepto-
mycin in a humidified atmosphere with 5% CO2/95% air at 
37˚C. To evaluate the effect of osthole on the proliferation of 
KA‑activated BV‑2 cells, the cells were divided into a control 
group (Con group), a KA activation group (KA group) and a 
KA activation + Osthole (Ost group). For the Con group, BV‑2 
cells were cultured in DMEM at 37˚C without any treatment. 
For the KA group, cells were incubated with KA (100 µM) 
at 37˚C for 2 h. For the Ost group, cells were pretreated with 
osthole for 24 h prior to stimulation with KA at 37˚C.

CCK‑8 assay for optimal culture concentration. Exponentially 
growing cells were plated into a 96‑well plate (Corning, Inc.) at 
1x105 cells/well and stabilized for 24 h. Osthole was added to 
the wells with final concentrations of 20, 40, 60, 80, 100, 120, 
140, 160, 180, 200, 300 and 400 µM for 24 h at 37˚C, while 
the wells with DMEM only were set as the control. Following 
incubation, 10 µl of the CCK‑8 solution was added to each 
well, followed by incubation for 3 h at  37˚C. The optical 
density (OD) at 450 nm was measured by a microplate reader 
(BioTek Instruments, Inc.). The cell viability was calculated by 
the following formula: Cell viability (%)=(ODosthole/ODcontrol) 
x100%.

CCK‑8 assay for optimal culture time. Exponentially growing 
cells were plated into a 96 well plate (Corning, Inc.) at 
1x105 cells/well and stabilized for 24 h. Following treatment 
with 100 µM KA for 2 h at 37˚C, the medium was replaced 
with either common medium (control) or 131.2 µM osthole for 
2, 4, 6, 8, 16, 24, 48, 72 or 96 h at 37˚C and 10 µl of the CCK‑8 
solution was added to each well, followed by incubation for 3 h 
at 37˚C. The inhibition rate was calculated by the following 
formula: Inhibition rate (%)=[1‑(ODosthole/ODcontrol)] x100%.

Cell morphology analysis. Cell morphological changes were 
observed using an inverted microscope (Olympus Corporation; 
magnification, x100, 200 and 400).

ELISA. The cell culture supernatant of each group was collected 
and the samples were centrifuged for 20 min at 1,000 x g at 
2‑8˚C. The supernatant was collected to perform the assay. 
The levels of TNF‑α, IL‑6 and NOS2/iNOS were evaluated 
by ELISA kits according to the manufacturer's protocols. 
Absorbance was determined at 450 nm using a microplate 
reader (BioTek Instruments, Inc.).

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA 
was extracted from each group cells (1x106 cells) using TriQuick 
reagent and reverse‑transcribed into cDNA using PrimeScript 
RT Master Mix. Relative quantitation of NOTCH‑1, NOTCH‑2, 
JAGGED‑1, JAGGED‑2, RBP‑Jκ, HES‑1 and β‑ACTIN 
(Table I ) genes were performed using SYBR Premix Ex 
Taq II on a CFX 96 instrument (Bio‑Rad Laboratories, Inc.) 
according to the manufacturer's instructions. The PCR cycling 
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conditions were 95˚C for 30 sec, 40 cycles at 95˚C for 5 sec 
and 60˚C for 30 sec. The experiment was repeated three times. 
Relative changes in gene expression were determined using the 
2‑ΔΔCq method (18), normalized to the reference gene β‑actin.

Western blot analysis. Proteins from each group were 
extracted using ice‑cold RIPA lysis buffer (Beyotime Institute 
of Biotechnology) supplemented with 1% phenylmethanesul-
fonyl fluoride then centrifuged at 9,636 x g for 20 min at 4˚C. 
The protein concentration for each sample was determined 
using a bicinchoninic acid protein concentration determina-
tion kit (Beijing Solarbio Science & Technology Co., Ltd.). 
An equal amount of sample proteins (30 µg) was loaded 
and separated by 15% SDS‑PAGE gel and transferred onto 
0.45 µm (Notch‑1, Notch‑2, Jagged‑1, Jagged‑2 and RBP‑Jκ) 
and 0.22 µm (Hes‑1) polyvinylidene fluoride membranes. 
Following transfer, the membranes were washed three 
times with PBS and blocked with 5% (w/v) skimmed milk 
powder in PBS for 1 h at room temperature. Subsequently, 
the membranes were incubated with rabbit anti‑Notch‑1 
(1:1,500), rabbit anti‑Notch‑2 antibody (1:1,000), rabbit 
anti‑Jagged‑1 (1:1,500), rabbit anti‑Jagged‑2 (1:5,000), rabbit 
anti‑RBP‑Jκ (1:5,000) and rabbit anti‑Hes‑1 (1:500) overnight 
at 4˚C with gentle agitation. Following washing, appropriate 
secondary peroxidase‑conjugated antibodies (1:1,000) were 
added and the membranes were incubated for 1 h at room 
temperature. Band intensity was analyzed using an ECL kit 
on a ChemiDoc™ XRS+ imaging system (Bio‑Rad Universal 
Hood II; Bio‑Rad Laboratories, Inc.). Densitometry was 
analyzed using ImageJ software (version 1.51j8; National 
Institutes of Health). The results were expressed as arbitrary 
units after being normalized to mouse anti‑β‑actin antibodies 
(1:1,000).

Immunofluorescence. Cells (1x105) seeded on cover slips 
were fixed with 4% paraformaldehyde for 20 min at 4˚C, 
then permeabilized in 0.5% Triton X‑100 (Beijing Solarbio 

Science & Technology Co., Ltd.) for 20 min, blocked in 10% 
BSA (Beyotime Institute of Biotechnology) for 1 h at room 
temperature. Subsequently, the slips were incubated with rabbit 
anti‑Notch‑1 (1:150), rabbit anti‑Notch‑2 antibody (1:1,000), 
rabbit anti‑Jagged‑1 (1:150), rabbit anti‑Jagged‑2 (1:150), rabbit 
anti‑RBP‑Jκ (1:100) and rabbit anti‑Hes‑1 (1:100) at 4˚C over-
night followed by incubation with Alexa 488‑conjugated goat 
anti‑rabbit IgG H&L (Cy3®) secondary antibody for 30 min at 
room temperature. Cells were washed three times with PBS 
and incubated with DAPI for 5‑10 min at room temperature 
and then washed with PBS 5 times. Images were captured 
using a DP73 fluorescence microscope (Olympus Corporation; 
magnification, x200).

Statistical analysis. All experimental data were expressed 
as the mean ± standard deviation. Statistical comparison 
of differences between groups were analyzed using 
one‑way analysis of variance (ANOVA) followed by 
Student‑Newman‑Keuls and Fisher's least significant differ-
ence post hoc tests. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effect of various concentrations of osthole on BV‑2 cell prolif‑
eration. To determine an optimal concentration of osthole for 
subsequent experiments, the effects of various concentrations 
of osthole on BV‑2 cell proliferation were examined by CCK‑8 
assay. CCK‑8 results of BV‑2 cells exposed to 20‑400 µM 
osthole for 24 h are demonstrated in Fig. 1A. Cell viability was 
significantly decreased when the concentration of osthole was 
200‑400 µM (P<0.05). However, further experimental results 
demonstrated in Fig.  1B, indicated that cell viability was 
significantly reduced with concentrations of osthole between 
120 and 140 µM (P<0.05), yielding an IC50 value of 131.2 µM. 
Therefore, 131.2 µM was used in subsequent experiments as a 
safe dose of osthole for BV‑2 cells.

Table I. Sequences of primers used for reverse transcription‑quantitative PCR.

Gene	 Primer	 Sequences

NOTCH‑1	 Sense	 5'‑GAGGCATAAGCAGAGGTAGGAG‑3'
	A ntisense	 5'‑TGCGAAGTGGACATTGACG‑3'
NOTCH‑2	 Sense	 5'‑TACCAGTGCAACTGCCAACCA‑3'
	A ntisense	 5'‑GATTGATGCCGTCCACACAGA‑3'
JAGGED‑1	 Sense	 5'‑ACAGGGAAAACTCACAGG‑3'
	A ntisense	 5'‑CAGGTCTTACCACCGAACA‑3'
JAGGED‑2	 Sense	 5'‑AGTTCCTGGATGGAAGACTGCAA‑3'
	A ntisense	 5'‑TGACCAGAGAGCAGGCAAGG‑3'
RBP‑Jκ	 Sense	 5'‑TCCAACCACTGCCCATAA‑3'
	A ntisense	 5'‑TCCACCCAAACGACTCAC‑3'
HES‑1	 Sense	 5'‑ATTCTTGCCCTTCGCCTC‑3'
	A ntisense	 5'‑ACGACACCGGACAAACCA‑3'
β‑actin	 Sense	 5'‑CATCCGTAAAGACCTCTATGCCAAC‑3'
	A ntisense	 5'‑ATGGAGCCACCGATCCACA‑3'
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Time‑effect association of osthole on inhibited proliferation 
of KA‑activated BV‑2 cells. The results presented in Fig. 1C 
indicated significantly inhibited proliferation of BV‑2 cells 
treated with 131.2 µM osthole for at least 24 h compared with 
the KA group (P<0.05). Therefore, 24 h was selected as the 
osthole exposure time for subsequent experiments.

Effect of osthole on the morphology of KA‑activated BV‑2 
cells. Morphological changes associated with BV‑2 cells of 

each group were assessed as number of BV‑2 cells and cell 
body size. The results of inverted microscopy indicated 
adherent growth of BV‑2 cells in the Control group, which 
exhibited uniform distribution, regular morphology and small 
nuclei; in addition, the majority of cells had slender protrusions 
and the cell body was bright and refractive (Fig. 2). Compared 
with the Control group, cells in the KA group were denser, 
had larger bodies and short or absent protrusions and formed 
amoeba‑like cells; characteristics of an activated state. In the 
Osthole group, cells were reduced in number and had slightly 
smaller cell bodies compared with the KA group and the 
protrusions became longer, indicating a proliferation‑inhibited 
state.

Effect of osthole on TNF‑α, IL‑6 and NOS2/iNOS release by 
KA‑activated BV‑2 cells. Compared with the Con group, levels 
of IL‑6, NOS2/iNOS and TNF‑α were significantly increased 
in the KA group (Fig. 3). However, increases in the levels of 
TNF‑α, IL‑6 and NOS2/iNOS were significantly inhibited by 
osthole treatment (P<0.05).

Effect of osthole on mRNA expression of Notch signaling 
components in KA‑activated BV‑2 cells. mRNA levels of 
Notch‑1, Notch‑2, Jagged‑1, Jagged‑2, RBP‑Jκ and Hes‑1 were 
assessed by RT‑qPCR (Fig. 4). The results demonstrated that 
mRNA levels of Notch‑1, Notch‑2, Jagged‑1, Jagged‑2, RBP‑Jκ 
and Hes‑1 were upregulated in the KA group compared with the 
Con group (P<0.05). In the Ost group, the mRNA levels were 
significantly suppressed compared with the KA group (P<0.05).

Effect of osthole on expression of Notch signaling proteins 
in KA‑activated BV‑2 cells. Notch‑1, Notch‑2, Jagged‑1, 
Jagged‑2, RBP‑Jκ and Hes‑1 protein expression levels were 
measured by western blotting (Fig. 5) and immunofluorescence 
assay (Fig. 6). Western blotting results revealed significantly 
higher protein expression levels of Notch‑1, Notch‑2, Jagged‑1, 
Jagged‑2, RBP‑Jκ and Hes‑1 in the KA group compared with 
the Con group. However, pretreatment with osthole significantly 
inhibited KA‑induced increases of Notch‑1, Notch‑2, Jagged‑1, 

Figure 1. Cell Counting Kit‑8 assay for optimal culture concentration and 
time of osthole inhibition of proliferation in KA‑activated BV‑2 cells. 
(A and B) Cell viability of BV‑2 cells between the concentration of osthole 
from 20‑400 µM. Inhibition rate of osthole on KA‑activated BV‑2 cells 
between 0 and 72 h. (C) Data are expressed as the mean ± standard deviation, 
n=5 per group, *P<0.05. KA, kainic acid.

Figure 2. Morphology of cells treated with normal medium, KA and KA + 
osthole. 100X; scale bars, 100 µm; original magnification, x100; 200X; scale 
bars, 50 µm; original magnification, x200; 400X; scale bars, 20 µm; original 
magnification, x400. KA, kainic acid.
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Figure 4. Effect of osthole on the expression level of (A) NOTCH‑1, (B) NOTCH‑2, (C) JAGGED‑1, (D) JAGGED‑2, (E) RBP‑Jκ and (F) HES‑1 mRNA in 
KA‑activated BV‑2 cells. Values are expressed as the mean ± standard deviation, n=3. *P<0.05 vs. the Con group, #P<0.05 vs. the KA group. RBP, recombination 
signal sequence‑binding protein; KA, kainic acid; Con, control.

Figure 3. Effect of osthole on TNF‑α, IL‑6 and iNOS contents in cultured BV‑2 cells activated by kainic acid. The levels of (A) IL‑6 (B) NOS2/iNOS and (C) TNF‑α 
were detected using ELISA kits. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05 vs. the Con group, #P<0.05 vs. the 
KA group. IL, interleukin; NOS2, nitric oxide synthase 2; iNOS, inducible nitric oxide synthase; TNF‑α, tumor necrosis factor‑α; KA, kainic acid; Con, control.

Figure 5. Effect of osthole on the expression of Notch‑1, Notch‑2, Jagged‑1, Jagged‑2, RBP‑Jκ and Hes‑1 proteins in KA‑activated BV‑2 cells by western 
blotting. Values are expressed as the mean ± standard deviation. *P<0.05 vs. the Con group, #P<0.05 vs. the KA group. KA, kainic acid.

https://www.spandidos-publications.com/10.3892/mmr.2020.11455
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Jagged‑2, RBP‑Jκ and Hes‑1 expression (Fig. 5). These results 
were confirmed by immunofluorescence assay (Fig. 6), which 
also indicated increased levels of Notch‑1, Notch‑2, Jagged‑1, 

Jagged‑2, RBP‑Jκ and Hes‑1 in KA‑activated BV‑2 cells, in 
addition to decreased levels of these proteins in the BV‑2 cells 
of the Ost group (P<0.05).

Figure 6. Effect of osthole on the expression of Notch‑1, Notch‑2, Jagged‑1, Jagged‑2, RBP‑Jκ and Hes‑1 proteins in KA‑activated BV‑2 cells by immunofluo-
rescence staining. Magnification, x200; scale bars, 20 µm. Values are expressed as the mean ± standard deviation. *P<0.05 vs. the Con group, #P<0.05 vs. the 
KA group. Con, control; KA, kainic acid; Ost, osthole.
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Discussion

Discovered by Del Rio Hortega in 1932, microglia are the 
fourth major cell type in the central nervous system (CNS) 
after neurons, astrocytes and oligodendrocytes, and account 
for ~5‑20% of the total number of glia (19). Microglia possess 
important immune‑related effects in the CNS and can secrete 
a large number of inflammation‑related factors following 
activation (20,21). Avignone et al (22), identified that microg-
lial proliferation and morphological modifications increase 
inflammatory mediators and cause significant neurodegen-
eration in KA‑induced epileptic mice. In the present study, 
BV‑2 cells were amoeba‑like and increased in number 
following activation by KA. In addition, activated microglia 
could release a number of inflammatory mediators, including 
TNF‑α, IL‑6 and NOS2/iNOS. Dambach et al (23) observed 
that strongly activated microglia can induce a CNS inflam-
matory reaction, which is directly associated with epilepsy. 
Recently, Zhao et al (24) demonstrated that epilepsy can be 
induced by microglial proliferation. Therefore, microglial 
activation and proliferation is an important mechanism for 
the progressive development of epilepsy and its inhibition 
could be an opportune target for alleviating post‑epileptic 
injury.

Osthole can cross the blood‑brain barrier and exert 
neuroprotective effects against Alzheimer's disease, trau-
matic brain injury and transient cerebral ischemia (12,25). 
Luszczki  et  al  (26), observed that osthole suppresses 
seizure activity in a mouse maximal electroshock‑induced 
seizure model. These findings provide new indications 
for osthole as an anti‑epileptic treatment. Our previous 
study identified that osthole can inhibit epileptic seizures 
in KA‑induced epileptic rats and delay the progressive 
development of epilepsy  (27), but its mechanism has yet 
to be clarified. The present study identified that 131.2 µM 
osthole could inhibit the proliferation of microglia without 
destroying cell activity, as 24 h exposure of BV‑2 cells to 
osthole significantly inhibited the cell activities induced 
by KA activation. Bao et al (9), demonstrated that osthole 
can reduce TNF‑α, IL‑6 and IL‑1β released by lipopolysac-
charide (LPS)‑stimulated BV‑2 cells via NF‑κB and nuclear 
factor erythroid 2‑related factor 2 pathways. In the present 
study, osthole inhibited the proliferation of KA‑activated 
BV‑2 cells and reduced the release of TNF‑α, IL‑6 and 
NOS2/iNOS via the Notch signaling pathway, thus serving a 
neuroprotective role in neuroinflammation.

Notch signaling serves critical roles in neural stem cell 
maintenance and neurogenesis and regulation of Notch 
signaling is involved in a number of neurodegenerative 
diseases and brain disorders (28). Purow et al (29), identified 
that Notch signaling was closely associated with the prolifera-
tion of glioma cells. Notch‑1 and Jagged‑1 are overexpressed 
in a number of glioma cell lines and primary human gliomas 
and downregulation of these factors by RNA interference 
induces apoptosis and inhibits proliferation of multiple 
glioma cell lines. Grandbarbe et al (30) reported that Notch 
signaling was activated in LPS‑stimulated microglial cells; 
specifically, RT‑qPCR revealed that the expression levels of 
NOTCH‑1, NOTCH‑2 and JAGGED‑1 genes were increased in 
LPS‑stimulated microglial cells, while JAGGED‑2 expression 

remained at a markedly low level. Previously published western 
blot results revealed increased Notch‑1 protein expression in 
LPS‑stimulated microglial cells. Zeng et al (31) reported that 
the expression of Notch‑1, RBP‑Jκ and Hes‑1 was increased 
in activated microglia following cerebral ischemia in vivo 
and in vitro, and that hypertonic saline could improve isch-
emic stroke by suppressing Notch signaling. Additionally, 
Wu et al (32) identified that Notch signaling was activated 
following status epilepticus in a pilocarpine‑induced rat 
model of epilepsy. Specifically, Hes‑1 protein expression was 
increased and inhibition of Notch signaling could suppress 
microglial activation and attenuate neuronal apoptosis and 
loss. Collectively, the results of these studies indicated the 
involvement of the Notch signaling pathway in microglial 
activation and proliferation.

In the present study, expression of Notch‑1, Notch‑2, 
Jagged‑1, Jagged‑2, RBP‑Jκ and Hes‑1 were increased following 
KA activation and Notch signaling was activated. However, 
osthole could significantly inhibit KA‑induced upregulation of 
Notch signaling, microglial activation and subsequent release 
of proinflammatory cytokines. Consequently, the inhibitory 
effect of osthole on KA‑activated BV‑2 cells may partly occur 
through downregulation of the Notch pathway. However, there 
were two major limitations in the present study that should be 
addressed in future research. First, it has not been confirmed 
in animal experiments whether osthole can inhibit microglia 
proliferation via the Notch signaling pathway to improve 
epilepsy. Secondly, the site of action of osthole requires further 
investigation.
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