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Abstract
Liriope platyphylla F. T. Wang & T. Tang (L. platyphylla) is a perennial member of the Liliaceae family, is predominantly 
found in East Asian regions such as Korea, Taiwan, and Japan. In this study, we investigated the neuroinflammation-
modulating potential of an ethanol-based extract from L. platyphylla (LPE) using BV2 microglial cells activated 
by lipopolysaccharide (LPS). In addition, we examined which bioactive constituents in LPE contribute to its 
anti-neuroinflammatory effects by isolating and profiling the major compounds. Notably, treating LPE prior to 
LPS exposure led to a marked decrease in the synthesis of inflammatory mediators, including cyclooxygenase-2 
(COX-2), nitric oxide (NO), prostaglandin E2 (PGE2), inducible nitric oxide synthase (iNOS), and pro-inflammatory 
cytokines such as IL-6, IL-1β, and tumor necrosis factor-α (TNF-α) in the microglia. Mechanistic studies revealed that 
suppressive effects of LPE are linked to the downregulation of LPS-triggered signaling pathways, specifically those 
involving Toll-like receptor 4 (TLR4), nuclear factor kappa B (NF-κB), and the p38 and JNK branches of the mitogen-
activated protein kinase (MAPK) cascade. Chemical analysis of the extract identified eight distinct compounds, 
with methylophiopogonone A (2) and methylophiopogonanone B (3) being primarily responsible for the observed 
anti-neuroinflammatory activity. Quantitative profiling by ultra-performance liquid chromatography coupled with 
quadrupole time of flight / mass spectrometry (QTOF/MS) indicated that these two bioactive constituents were 
present in the ethyl acetate fraction of LPE at concentrations of 0.0007 ± 0.0001 mg/g and 0.0197 ± 0.0009 mg/g, 
respectively. Collectively, these findings highlight the promise of LPE as a source for developing novel functional 
ingredients or herbal therapeutics targeting neuroinflammatory conditions.
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Introduction
Neuroinflammation refers to the immune response that 
occurs within the central nervous system (CNS), primar-
ily initiated by microglial cells, the resident immune cells 
of the brain and spinal cord [1]. When exposed to various 
stimuli, microglia transition from a resting to an activated 
state, leading to the release of inflammatory mediators 
and alterations in their phenotype and function [2, 3]. 
While this activation is essential for CNS defense and 
tissue repair, persistent or dysregulated microglia acti-
vation, especially under chronic stress or exposure to 
agents like lipopolysaccharide (LPS), inflammatory cyto-
kines, or β-amyloid, can result in excessive production of 
pro-inflammatory molecules, including prostaglandin E2 
(PGE2), nitric oxide (NO), interleukins (IL), and tumor 
necrosis factor (TNF). Overproduction of pro-inflamma-
tory mediators can disrupt neuronal function, cause cel-
lular damage, and ultimately lead to neuronal loss [4, 5]. 
Such sustained inflammation is closely linked to the pro-
gression of neurodegenerative diseases including Hun-
tington’s disease, Parkinson’s disease, amyotrophic lateral 
sclerosis, and Alzheimer’s disease [6–8]. Therefore, strat-
egies that suppress microglial activation and limit the 
release of pro-inflammatory mediators are increasingly 
recognized as promising therapeutic approaches for pre-
venting or treating neuroinflammation and associated 
neurodegenerative diseases.

Liriope platyphylla F. T. Wang & T. Tang (L. platy-
phylla) is a perennial herb belonging to the Liliaceae fam-
ily that is mainly distributed in the mountainous regions 
of temperate East Asia, including Korea, Taiwan, and 
Japan. According to the Korean Medical Compendium 
Donguibogam, designated as a UNESCO Memory of the 
World in 2009, this plant has traditionally been used in 
both food and medicine for the treatment of treating 
cough, asthma, lung inflammation, and constipation [9, 
10]. In addition to these traditional uses, recent stud-
ies have demonstrated new therapeutic properties of L. 
platyphylla, including anti-cancer [11], anti-diabetic [12], 
anti-obesity [13], and hepatoprotective effects [14]. Fur-
thermore, the Rural Development Administration (RDA) 
of Korea reported that saponins in L. platyphylla extract 
alleviate dopaminergic dysfunction and repeated nico-
tine-induced behavioral sensitization [10].

According to the Food Code issued by the Korean Min-
istry of Food and Drug Safety, L. platyphylla is catego-
rized as a “substance permitted for limited use in food,” 
meaning it can comprise no more than 50% of the raw 
materials in certain food products. To overcome this 
limitation, it is essential to develop optimized extraction 
methods for Korean L. platyphylla, to explore its diverse 
biological activities, and perform safety assessments. 
Accordingly, we investigated the anti-neuroinflammatory 

effects of a 50% ethanol extract of Korean-cultivated L. 
platyphylla on LPS-stimulated BV2 microglial cells.

Materials and methods
Plant materials and the Preparation of ethanolic extract of 
L. platyphylla
The roots of Liriope platyphylla were purchased from 
the Korea Medicine Herbal Association (S. Korea) and 
authenticated through cultivation in Cheongyang Prov-
ince. The extraction procedure followed a previously 
described method [10], in which the roots were coarsely 
ground and subjected to two rounds of reflux extraction 
in water at 80 °C for 4 h.

Reagents and instruments
High-resolution mass measurements and quantita-
tive analyses were performed using a Waters Xevo G3 
QTOF/MS system (Waters Corp., USA) coupled with an 
ACQUITY I-Class UPLC (Waters Corp., USA). High-
performance liquid chromatography (HPLC)-grade 
distilled water and acetonitrile (Fisher Scientific Ltd., 
S. Korea) were used as solvents. Formic acid (≥ 99.0% 
purity, Honeywell Fluka™, Fisher Scientific) was added to 
the mobile phase to ensure compatibility with mass spec-
trometric detection. All other reagents were of analytical 
grade or higher. The products and manufacturers used 
for in vitro experiments are listed in Table S1.

Identification of compounds from Liriope platyphylla
Compounds 1–8 were isolated from the roots of Liri-
ope platyphylla using successive in-house chromato-
graphic techniques. These compounds were obtained 
as white powders and identified by electrospray ioniza-
tion and quadrupole time of flight / mass spectrometry 
(ESI-QTOF/MS) as methylophiopogonanone A (1; m/z 
365.2162 [M + Na]+), methylophiopogonone A (2; m/z 
363.2391 [M + Na]+), methylophiopogonanone B (3; m/z 
351.2359 [M + Na]+), methylophiopogonone B (4; m/z 
349.2187 [M + Na]+), ophiopogonin A (5; m/z 787.2388 
[M + Na]+), ophiopogonin D (6; m/z 855.5300 [M + H]+), 
ophiopogonin D′ (7; m/z 855.5300 [M + Na]+), and prosa-
pogenin A (8; m/z 746.4548 [M + Na]+) (Fig. S1, Table 1), 
which was confirmed by a spectral comparison with pre-
viously published NMR data [15–17]. The purity of all 
compounds was confirmed to be 95–99% by UPLC peak 
area normalization.

Cell culture
BV2 cells were cultured in RPMI1640 medium supple-
mented with 10% fetal bovine serum (FBS), 100  µg/mL 
streptomycin, and 100 units/mL penicillin. The culture 
was maintained at 37 ℃ in a humidified atmosphere con-
taining 5% CO2.
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Cell viability assay
The MTT assay was employed to evaluate L. platyphylla 
ethanolic extract (LPE) cytotoxicity in BV2 microglial 
cells. Cells were seeded in 48-well plates at 2 × 104 cells/
well and allowed to adhere for 24  h before exposure to 
varying concentrations of LPE (dissolved in dimethyl 
sulfoxide [DMSO]) for an additional 24  h. The final 
DMSO concentration in all treatments was maintained 
at ≤ 0.1% relative to the total culture medium. Follow-
ing treatment, cells were incubated with 50 µL of MTT 
solution (0.5 mg/mL) at 37 ℃ for 1 h to allow formazan 
crystal formation. The insoluble formazan product was 
subsequently dissolved using 150 µL DMSO, and optical 
density measurements were conducted at 540 nm using a 
microplate reader.

Measurement of nitric oxide (NO) levels
BV2 microglial cells seeded in 24-well plates and co-
treated with LPS (1  µg/mL) and varying concentrations 
of LPE for 24 h. To quantify NO production, 100 µL ali-
quots of conditioned media were combined with an equal 
volume of Griess reagent (Sigma-Aldrich) and incubated 
at room temperature for 15  min. Absorbance was mea-
sured at 540 nm using a microplate reader, and the NO 
concentration was calculated using a sodium nitrite stan-
dard curve.

PGE2 assay
BV2 cells were plated in 24-well plates and incubated 
for 24  h to allow cell attachment. After this period, the 
cells were exposed to LPE for 1 h before being challenged 
with LPS for an additional 24 h. Upon completion of the 
treatments, the amount of PGE2 released into the culture 
medium was measured using an ELISA kit, following the 
instructions provided by the manufacturer.

Quantitative real-time reverse transcription polymerase 
chain recation PCR (qRT-PCR)
Total RNA was extracted from BV2 microglial cells using 
TRIzol reagent (Invitrogen), following the supplier’s pro-
tocol. The RNA concentration was determined by spec-
trophotometric measurements at 260  nm. For cDNA 

synthesis, 4 µg of purified total RNA served as the tem-
plate for reverse transcription using ReverTra Ace™ qPCR 
RT Master Mix (TOYOBO). Relative gene expression was 
quantified using qTOWER3 G Real-Time PCR Thermal 
Cycle (Analytik Jena, Jena, Germany) with THUNDER-
BIRD™ Next SYBR® qPCR Mix (TOYOBO). The oligo-
nucleotide primers sequences used in this investigation 
were designed and purchased from Cosmo Genetech 
(Seoul, Republic of Korea), and are listed in Table S2. 
Gene expression levels were adjusted to the endog-
enous control glyceraldehyde-3-phosphate dehydro-
genase (GAPDH). Cyclic threshold (Ct) values of target 
genes were analyzed with the comparative ΔΔCt method 
(2–ΔΔCt) using qPCR analysis software (version 4.0, Ana-
lytik Jena, Jena, Germany).

Western blot analysis
BV2 microglial cells were pre-treated with LPE at con-
centrations of 250, 500, and 1,000  µg/mL, followed 
by stimulation with LPS to induce inflammation. The 
detailed procedures for the Western blot analysis of 
iNOS, COX-2, NF-κB-related proteins, and MAPK-asso-
ciated proteins were conducted by referring to previously 
published literature [18].

Preparation of the cytosolic and nuclear fractions
After collecting BV2 microglial cells, the cells were cen-
trifuged at 16,000 × g for 5  min to form pellets. The 
separation of cytoplasmic and nuclear fractions was 
then performed using NE-PER nuclear and cytoplasmic 
extraction reagents, following the manufacturer’s recom-
mended protocol.

Quantitative multiple reaction monitoring (MRM) analysis 
and compound profiling using LC–ESI–QTOF/MS
For profiling and quantitative analysis, standard solutions 
of methylophiopogonone A (2) and methylophiopogo-
nanone B (3) were prepared by dissolving each com-
pound in methanol. Calibration curves were generated 
using five to seven concentration points in the range of 
0.06–2 ppm. Dried Liriope platyphylla root powder was 
extracted twice by refluxing in 50% fermented ethanol at 

Table 1  Relative percentages (%) of eight secondary metabolites in the LPE-EtOAc fraction
No. Component name Formula Molecular Weight Observed

m/z
Observed RT
(min)

Adducts Relative percentages (Response,%)
(MW) LPE-EtOAc fr.

1 methylophiopogonanone A C19H18O6 342.22 365.2162 11.88 +Na 6283.8(3.3%)
2 methylophiopogonone A C19H16O6 340.14 363.2391 10.70 +Na 2619.0(1.4%)
3 methylophiopogonanone B C19H20O5 328.13 351.2359 12.48 +Na 13916.4(7.4%)
4 methylophioponanone B C19H20O5 326.11 349.2187 13.49 +Na 14571.4(7.8%)
5 ophiopogonin A C41H64O13 764.43 787.2388 13.89 +Na 2036.7(1.1%)
6 ophiopogonin D C44H70O16 854.46 855.5300 14.22 +H 79218.8(42.2%)
7 ophiopogonin D` C44H70O16 854.46 877.5126 14.80 +Na 11784.8(6.3%)
8 prosapogenin A C39H62O12 722.42 746.4548 15.00 +H, +Na 57315.8(30.5%)
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60 °C for 4 h per cycle, followed by filtration using filter 
paper (ADVANTEC, Japan). The pooled aqueous lay-
ers were evaporated under reduced pressure and freeze-
dried to obtain the crude extract. A portion of the dried 
extract (2 g, yield: 62.61%) was reconstituted in 40 mL of 
water and subjected to liquid-liquid extraction with ethyl 
acetate (2 × 40 mL) using a separatory funnel. The ethyl 
acetate (EtOAc) fraction was concentrated, after which 
5  mg (0.23%) was reconstituted in 50% ethanol, passed 
through a 0.22  μm polyvinylidene fluoride (PVDF) 
syringe filter, and subjected to compound profiling and 
quantitative analysis.

The analysis was performed on a UPLC system coupled 
to a ESI-Q-TOF/MS operated in positive ion mode. Sepa-
ration was achieved using an ACQUITY BEH C18 col-
umn (2.1  mm × 100  mm, 1.7  μm) maintained at 40  °C. 
The mobile phase consisted of 0.1% formic acid in water 
(solvent A) and acetonitrile (solvent B) with the following 
gradient: 0–1 min, 25% B; 1–5 min, 25–40% B; 5–19 min, 
40–50% B; 19–20  min, 50–85% B; 20–22  min, 85% B; 
22–23 min, 85–25% B; 23–25 min, 25% B. A total of 2 µL 
of sample was injected, and the mobile phase was deliv-
ered at a flow rate of 0.4 mL/min.

Mass spectrometric parameters were set as follows: 
desolvation temperature, 550  °C; source temperature, 
120  °C; cone gas flow, 30  L/h; capillary voltage, 3.0  kV; 
desolvation gas flow, 800  L/h; cone voltage, 40  V; mass 
scan range, m/z 100–2,000; low collision energy, 6 V; high 
collision energy ramp, 20–45 V. Data acquisition was per-
formed using MassLynx software and data processing 
was performed with UNIFI software (version 3.8.0.23, 
Waters Corp., USA).

Statistical analysis
Data are expressed as mean ± SD from a minimum of 
three biological replicates. Statistical comparisons were 
performed using one-way analysis of variance (ANOVA) 

followed by Tukey’s post-hoc test in GraphPad Prism 
(version 4.0; GraphPad Software, San Diego, CA, USA). 
The significance thresholds were defined as follows: 
*p < 0.05, **p < 0.01, and ***p < 0.001 compared to the 
LPS-treated group.

Results and discussion
Impact of LPE on NO and PGE2 production in BV2 
microglial cells exposed to LPS
To determine the cell survival rate and cytotoxicity of the 
extract, we investigated the cytotoxicity of LPE using the 
MTT assay. Treatment of BV2 microglial cells with LPS at 
125–1,000 µg/mL concentration had no effects of the cell 
viability, while 2,000 µg/mL of LPE reduced cell viability 
(Fig. 1A). Thus, in subsequent experiments, a concentra-
tion of 1,000 µg/mL was set as the highest concentration 
for measuring the anti-neuroinflammatory effects of LPE. 
NO acts as a pleiotropic signaling molecule and plays 
dual roles in physiological processes (vasodilation and 
neurotransmission) and pathological conditions, such 
as neuroinflammation and neurodegenerative disorders. 
Its overproduction in the activated microglia contributes 
to neuronal oxidative stress and synaptic dysfunction, 
thereby driving disease progression [19]. In addition, 
excessive production of PGE2 is closely linked to various 
inflammatory diseases as it promotes the upregulation of 
growth factors, cytokines, and other pro-inflammatory 
molecules that drive and amplify pathological inflam-
mation [8, 19]. Therefore, we investigated the inhibitory 
effect of LPS on NO and PGE2 production. The increased 
levels of NO and PGE2 caused by due to LPS exposure 
was decreased by pre-treatment with LPE (Fig.  1B, C). 
Based on these results, LPE has a remarkable suppressive 
effect on the production of inflammatory mediators.

Fig. 1  Inhibitory effects of LPE on LPS-stimulated NO and PGE2 production in BV2 microglial cells. (A) Cells viability was evaluated using the MTT assay 
after treatment with LPE (125–2,000 µg/mL) for 24 h. Data are presented as mean ± SD (n = 3). ***p < 0.001 versus the control group. (B, C) BV2 microglial 
cells were pre-treated with LPE (250–1,000 µg/mL) for 1 h, followed by stimulation with LPS (1 µg/mL) for 24 h. NO levels (B) in the culture medium were 
determined using the Griess assay, and PGE2 levels (C) were quantified by ELISA under the same experimental conditions. Data represent the mean values 
of three independent experiments ± SD. #p < 0.05 versus the control group; ***p < 0.001 versus the LPS-treated group. LPE, L. platyphylla ethanolic extract; 
LPS, lipopolysaccharide; NO, nitric oxide; PGE2, prostaglandin E2
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Modulation of cytokine mRNA levels by LPE in BV2 
microglial cells treated with LPS
Pro-inflammatory cytokines, including interleukin-
1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α), 
are signaling molecules released by immune cells such 
as macrophages, T lymphocytes, and dendritic cells to 
mediate inflammatory responses. Elevated levels of these 
proteins amplify neuroinflammatory responses by acti-
vating microglia and astrocytes, which, in turn, release 
additional inflammatory mediators. This creates a self-
sustaining cycle that disrupts neuronal function and pro-
motes neurodegeneration [20, 21]. To explore how LPS 
suppresses the expression of pro-inflammatory cytokines 
at the molecular level, qRT-PCR was employed to mea-
sure the mRNA levels of cytokines including IL-6, IL-1β, 
and TNF-α in the treated cells. As shown in Fig.  2, the 
mRNA expression of IL-6, IL-1β, and TNF-α which was 
markedly upregulated by LPS stimulation, inhibited by 
pre-treatment with LPE. These results suggested that 
LPE regulates the expression of pro-inflammatory cyto-
kines at the transcriptional level.

Influence of LPE on iNOS and COX-2 protein levels in BV2 
microglial cells treated with LPS
The iNOS enzyme is implicated in elevating oxidative 
stress within neurons and glial cells by facilitating the 
conversion of l-arginine to NO and l-citrulline, with 
N-hydroxy-l-arginine serving as an intermediate in this 
reaction [22, 23]. COX-2 also plays a pivotal role in neu-
roinflammatory processes, being responsible for the bio-
synthesis of prostaglandins from arachidonic acid [24, 
25]. In this study, we assessed how LPE modulates the 
expression of these pro-inflammatory proteins in BV2 
microglial cells following LPS stimulation. As illustrated 
in Fig. 3, treatment with LPE led to a substantial decrease 
in the protein levels of both iNOS and COX-2 in LPS-
challenged BV2 microglial cells. These findings indicate 
that LPE suppresses the production of pro-inflammatory 
mediators and cytokines in microglia by downregulating 
iNOS and COX-2 expression.

Regulation of NF-κB signaling by LPE in BV2 microglial cells 
following LPS exposure
Nuclear factor kappa B (NF-κB) pathways serve as cen-
tral regulators of innate and adaptive immune responses 

Fig. 3  LPE reduces LPS-stimulated protein expression of iNOS and COX-2 in BV2 microglial cells. Cells were pre-treated with LPE (125–1,000 µg/mL) for 
1 h, and then stimulated with LPS (1 µg/mL) for 24 h. The alternation of protein levels of iNOS and COX-2 was determined by western blot analysis. β-Actin 
was used as a loading control. (A) Representative blots from three independent experiments are shown. (B, C) Bar graphs show densitometric quantifica-
tion. Compared to the control group, #p value are less than 0.001; compared to the LPS-treated group, significance is shown as **p < 0.01, and ***p < 0.001. 
LPE, L. platyphylla ethanolic extract; LPS, lipopolysaccharide; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2

 

Fig. 2  LPE suppresses the mRNA expression of inflammatory genes in LPS-stimulated BV2 microglial cells. Cells were pre-treated with LPE (125–1,000 µg/
mL) for 1 h and then stimulated with LPS (1 µg/mL) for 6 h. The mRNA expression levels of IL-1β, IL-6, and TNF-α were analyzed by qRT-PCR. Significant 
differences are indicated by #p < 0.001 when compared to control and by **p < 0.01, and ***p < 0.001 when compared to the LPS-treated group. LPE, L. 
platyphylla ethanolic extract; LPS, lipopolysaccharide; TNF- α, tumor necrosis factor alpha
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and their dysregulation has been implicated in chronic 
inflammatory diseases and autoimmune disorders [26]. 
Under basal conditions, NF-κB transcription factors (pri-
marily p65/p50 heterodimers) remain sequestered in the 
cytoplasmic compartment through binding to the inhibi-
tory protein IκB-α. Upon inflammatory stimulation, the 
canonical NF-κB pathway becomes activated, leading 
to the phosphorylation of IκB-α by the IκB kinase (IKK) 
complex. This phosphorylation event targets IκB-α for 
ubiquitination and subsequent degradation by the pro-
teasome, thereby releasing NF-κB to translocate into the 
nucleus and regulate gene expression including cyto-
kines, chemokines, and adhesion molecules [27]. Thus, to 
clarify how LPE suppresses LPS-induced upregulation of 
pro-inflammatory enzymes and mediators, we assessed 
its impact on the phosphorylation and degradation of 
cytoplasmic IκB-α, as well as the nuclear translocation 
of the NF-κB subunits p65 and p50. Pre-treatment with 
LPE efficiently inhibited LPS-stimulated phosphorylation 
and subsequent degradation of IκB-α in the cytoplasm 
(Fig. 4A-C). As a result, the nuclear accumulation of p65 
and p50 was reduced, as demonstrated by Western blot 
analysis (Fig. 4D-F). Taken together, these findings indi-
cate that LPE exerts anti-neuroinflammatory effects by 
interfering with the canonical NF-κB activation pathway, 
highlighting its potential as a therapeutic agent for neu-
roinflammatory conditions.

LPE-mediated modulation of MAPK phosphorylation in 
BV2 microglial cells following LPS challenge
MAPKs are a group of serine/threonine-specific protein 
kinases that play vital roles in regulating numerous cel-
lular activities, such as cell proliferation, differentiation, 
survival and inflammatory responses [28]. Phosphoryla-
tion of the three major MAPK subunits, p38, ERK, and 
JNK, correlates with the neuroinflammatory response 
upon stimulation [2]. Once these signaling cascades 
are activated, they promote the transcription of pro-
inflammatory mediators by influencing downstream 
transcription factors, such as activator protein-1 (AP-1) 
and NF-κB. This modulation results in elevated synthe-
sis of cytokines, chemokines, and inflammatory enzymes 
including COX-2 [29]. Therefore, we assessed whether 
LPE affected MAPK phosphorylation. To investigate the 
effects of LPE on MAPK signaling in neuroinflamma-
tion, the phosphorylation status of p38, ERK, and JNK 
in LPS-stimulated BV2 microglial cells was assessed by 
western blotting. LPE pre-treatment resulted in a notable 
of LPS-induced phosphorylation of both p38 and JNK in 
BV2 microglial cells (Fig. 5A, C), whereas ERK activation 
remained unaffected (Fig.  5B). These data demonstrate 
that LPE selectively inhibits p38/JNK-dependent MAPK 
signaling and synergistically attenuates NF-κB activation, 
collectively reducing downstream inflammatory media-
tor synthesis.

Fig. 4  LPE inhibits LPS-stimulated activation of NF-κB signaling pathway in BV2 microglial cells. After pre-treatment with LPE (250–1,000 µg/mL) for 1 h, 
cells were stimulated with LPS (1 µg/mL) for 1 h. Cytoplasmic protein were analyzed for p-IκB-α and IκB-α and nuclear protein for p65 and p50 via Western 
blotting. β-Actin and PCNA were used as a loading control for cytoplasm and nuclear, respectively. (A, D) Representative blots of p-IκB-α and IκB-α in the 
cytosolic fraction (A) and p65 and p50 in the nuclear fraction (D) from three independent experiments are shown. (B, C, E, F) Relative expression of p-IκB-α 
(B) IκB-α (C), p65 (E), and p50 (F). Symbol # denotes p < 0.001 relative to control; symbol ** and *** represent p < 0.01 and p < 0.001, respectively, relative 
to LPS stimulation. LPE, L. platyphylla ethanolic extract; LPS, lipopolysaccharide; NF-κB, nuclear factor kappa B; PCNA, proliferating cell nuclear antigen
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Modulatory effect of LPE on TLR4 mRNA levels in BV2 
microglial cells stimulated with LPS
Upon priming with to LPS, microglial cells recognize 
and bind to LPS via TLR4, triggering robust immune 
and inflammatory responses [30]. Engagement of TLR4 
by LPS initiates downstream signaling cascades, notably 
both NF-κB and MAPK pathways, which, in turn, drive 
the production of various pro-inflammatory mediators 

[31]. To investigate the regulatory effects of LPE on 
TLR4 signaling, TLR4 mRNA expression was quantified 
by qRT-PCR. LPS stimulation significantly upregulated 
TLR4 transcription, whereas LPE pre-treatment inhib-
ited this increase in a dose-dependent manner (Fig.  6), 
demonstrating its ability to suppress TLR4-mediatred 
inflammatory priming at the transcriptional level.

LC–ESI–QTOF/MS profiling and MRM quantitative analysis
LC–ESI–QTOF/MS profiling of eight isolated com-
pounds from L. platyphylla revealed the following reten-
tion times: methylophiopogonone A (2) at 10.58 min, 
methylophiopogonanone A (1) at 11.88 min, methy-
lophiopogonanone B (3) at 12.47 min, methylophiopona-
none B (4) at 13.49 min, ophiopogonin A (5) at 13.89 
min, ophiopogonin D (6) at 14.22 min, ophiopogonin D’ 
(7) at 14.80 min, and prosapogenin A (8) at 15.00 min. A 
comparative analysis of the relative contents of the eight 
compounds revealed that ophiopogonin D (6) and pro-
sapogenin A (8) were detected at relatively high levels 
(Table  1). Quantitative analysis of compounds 2 and 3, 
which exhibited the highest bioactivity, was performed 
using UPLC-ESI-QTOF/MS in the QTOF-MRM mode. 
The precursor ions were set at m/z 341.1020 for methy-
lophiopogonone A (2) and m/z 329.1479 for methy-
lophiopogonanone B (3) (Fig.  7). Fragmentation was 
induced using low and high collision energies and the 

Fig. 6  LPE downregulates TLR4 mRNA expression in LPS-stimulated BV2 
microglial cells. Cells were treated with LPE (250–1,000 µg/mL) for 1 h and 
then stimulated with LPS (1 µg/mL) for 6 h. The expression of level of TLR4 
mRNA was quantified by qRT-PCR. Data are expressed as mean ± SD (n = 3). 
Significant differences are indicated by #p < 0.001 when compared to con-
trol; ***p < 0.001 when compared to the LPS-treated group. LPE, L. platy-
phylla ethanolic extract; LPS, lipopolysaccharide; TLR4, Toll-like receptor 4

 

Fig. 5  Effects of LPE on the activation of MAPK signaling pathway in LPS-stimulated BV2 microglial cells. Cells were pre-treated with LPE (250–1,000 µg/
mL) for 1 h, and then exposed to LPS (1 µg/mL) for 30 min. The alternation of protein levels of p-p38/p38, p-ERK/ERK, and p-JNK/JNK was determined by 
western blot analysis. β-Actin and was used as a loading control. (A, B, C) Representative blots from three independent experiments are shown. (D, E, F) 
Quantitative data are presented as mean ± SD (n = 3). #p < 0.001 versus the control group; **p < 0.01 and *p < 0.001 versus the LPS-treated group. LPE, L. 
platyphylla ethanolic extract; LPS, lipopolysaccharide; MAPK, mitogen-activated protein kinase
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most sensitive product ions were selected for quantifi-
cation. The major product ions were m/z 269 for com-
pound 2 and m/z 301.1077 for compound 3 (Table 2, Fig. 
S2). Calibration curves were constructed using by linear 

regression analysis over five to seven concentration lev-
els of the standard. The correlation coefficients (R²) were 
0.999 and 0.998 for compounds 2 and 3, respectively, 
indicating excellent linearity. The contents of active 

Table 2  MRM analysis of compounds 2 and 3 using UPLC-QTOF/MS
Compounds Time range

(min)
Molecular
Formula

MW Measured Value a TOF-MRM Fragmentation a

(low and high energy)
2 9–15 C19H18O6 340.33 341.1102[M + H]+ 341[M + H]+; 121[M-C12H11O4 + H]+;
3 7–13 C19H20O5 328.36 329.1479[M + H]+ 329[M + H]+; 219[M-C12H13O4 + H]+;
a Mass accuracy < 10.0 ppm

Fig. 7  LC–ESI–QTOF/MS in positive-ion mode was performed (A) BPI chromatogram of LPE-EtOAc fr (B) overlaid extracted ion chromatograms (EIC) of 
two standard compounds, (C) mass spectrum of methylophiopogonone A (2), and (D) mass spectrum of methylophiopogonanone B (3). LC–ESI–QTOF/
MS, ultra-performance liquid chromatography combined with electrospray ionization and quadrupole time-of-flight mass spectrometry; LPE-EtOAc fr, L. 
platyphylla ethyl acetate fraction; EIC, extracted ion chromatogram; BPI, base peak intensity

 



Page 9 of 11Kim et al. Applied Biological Chemistry           (2025) 68:45 

compounds (2 and 3) in the EtOAc fraction of L. platy-
phylla were determined to be 0.0007 ± 0.0001  mg/g and 
0.0197 ± 0.0009 mg/g, respectively (Table 3).

The inhibitory effect of active components from LPE on the 
production of pro-inflammatory mediators in LPS-induced 
BV2 microglial cells
To determine which substances are responsible for the 
anti-neuroinflammatory activity of LPE, we compared 
the effects of eight compounds derived from LPE on the 
production of NO, IL-6, and TNF-α induced by LPS. 
First, we evaluated the cytotoxicity of the eight com-
pounds through an MTT assay. Cell viability remained 
above 70% at the following concentration ranges: 1 to 40 
µM, 2 to 40 µM, 3 to 20 µM, 4 to 80 µM, 5 to 20 µM, 
6 to µM, 7 to 5 µM, and 8 to 40 µM (Fig. S3). Based on 
these results, the effects of the eight compounds isolated 
from LPE on LPS-induced NO, IL-6, and TNF-α produc-
tion were assessed at concentrations where cell viability 
was maintained at 70% or higher. Regarding NO produc-
tion, six compounds, excluding 5, and 8, demonstrated 
concentration conditions that inhibited LPS-induced 
NO production by more than 50% (Fig. S4, Table 4). For 
IL-6, 2 and 3 showed inhibition rates of more than 50% 
(Fig. S5), while for TNF-α, 1, 2, and 3 demonstrated inhi-
bition rates exceeding 50% (Fig. S6, Table  4). Notably, 
compounds 5, 6, 7, and 8 either failed to inhibit the LPS-
induced production of IL-6 or TNF-α, or even increased 
their production compared to the LPS group (Figure S5, 
S6, Table 4). Considering these results collectively, it can 
be inferred that the anti-neuroinflammatory activity of L. 
platyphylla extract is primarily attributed to compounds 
2 and 3. Through future research, it is necessary to verify 

whether 2 and 3 exhibit effects in line with the anti-neu-
roinflammatory activity demonstrated by LPE.

This research evaluated the anti-neuroinflammatory 
properties of an ethanolic extract from L. platyphylla 
(LPE) in BV2 microglial cells activated by LPS, employ-
ing both qualitative and quantitative methodologies. LPE 
administrated prior to LPS exposure led to a significant 
reduction in the production of major inflammatory medi-
ators, such as NO, PGE2, IL-1β, IL-6, and TNF-α. Immu-
noblot analysis further demonstrated that LPE treatment 
resulted in decreased expression of iNOS and COX-2 
proteins. On a mechanistic level, LPE was found to miti-
gate neuroinflammatory signaling by interfering with 
TLR4-dependent activation of the NF-κB and MAPK 
signaling pathways, as shown by lower phosphorylation 
levels of IκB-α, p38, and JNK (Fig. 8). Through the anal-
ysis of the components contained in LPE, we identified 
that LPE concludes eight metabolites, including methy-
lophiopogonanone A (1), methylophiopogonone A (2), 
methylophiopogonanone B (3), methylophioponanone 
B (4), ophiopogonin A (5), ophiopogonin D (6), ophio-
pogonin D`(7), and prosapogenin A (8), and concluded 
that among these, methylophiopogonone A (2) and 
methylophioponanone B (3) are predominantly involved 
in the anti-neuroinflammatory activity of LPE. LC–ESI–
QTOF/MS analysis of the LPE–EtOAc fraction revealed 
relatively high levels of the isolated compounds (1–8) in 
the roots of Liriope platyphylla. Subsequent quantita-
tive analysis of the two bioactive constituents (2 and 3) 
using TOF-MRM demonstrated that both compounds 
were present at trace concentrations in the LPE–EtOAc 
fraction. In this study, TOF-MRM mode on a LC–ESI–
QTOF/MS platform was utilized for the quantitative 
analysis of the EtOAc fraction from Liriope platyphylla, 
taking advantage of its high sensitivity and analytical 
precision. The TOF-MRM mode selectively monitors 
specific compound transitions and minimizes matrix 
interference, thereby enabling the precise detection of 
trace-level compounds in complex natural extracts. An 
analysis of these trace constituents provides essential 
baseline data for accurately identifying minor bioactive 
compounds in L. platyphylla and facilitates further func-
tional evaluation. In conclusion, our findings indicate 
that LPE shows promise as an anti-neuroinflammatory 
agent, warranting further research on its possible appli-
cation in the treatment of neurodegenerative disorders.

Table 3  The quantification analysis of compounds 2 and 3 using 
UPLC-QTOF/MS
Com-
pounds

RT
(min)

Calibration Curve R2 Linear 
Range
(µg/
mL)

Amount
(mg/g)

2 10.70 y = 32705x + 9144.8 0.999 0.06 ~ 1 0.0007 ± 0.0001
3 12.48 y = 67542x + 2635.6 0.998 0.06 ~ 2 0.0197 ± 0.0009

Table 4  Inhibitory effects of eight compounds from LPE on LPS-
induced pro-inflammatory mediators in BV2 microglial cells
Compound NO (µM) IL-6 (µM) TNF-α (µM)
1 18.89 ± 2.3 49.1% at 40 µM 37.19 ± 3.3
2 9.55 ± 0.7 32.77 ± 2.7 23.85 ± 2.86
3 3.79 ± 0.2 11.26 ± 0.6 10.91 ± 0.85
4 38.29 ± 3.28 7.4% at 80 µM 25.1% at 80 µM
5 15.0% at 20 µM n.d. n.d.
6 20.53 ± 4.4 n.d. n.d.
7 3.15 ± 1.1 n.d. n.d.
8 31.4% at 40 µM n.d. n.d.
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