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Objective(s): The pathophysiology of neurodegenerative diseases is complicated, in which inflammatory 
reactions play a vital role. Microglia cells activation, an essential process of neuroinflammation, can 
produce neurotoxic molecules and neurotrophic factors, which aggravate inflammation and neuronal 
injury. Monascin, a major component of red yeast rice, is an azaphilonoid pigment with potential anti-
inflammatory effects; however, the effects in central nervous system have not been evaluated. Our goal 
in this project was to explore the therapeutic effect and the underlying mechanism of Monascin, which 
may be via anti-inflammatory action.
Materials and Methods: We used lipopolysaccharide to induce BV-2 microglial cells in order to form an 
inflammation model in vitro. The anti-inflammatory effects of Monascin were measured by enzyme-
linked immunosorbent assay (ELISA), real time-polymerase chain reaction (RT-PCR), Western Blot 
and Immunofluorescent staining. 
Results: Our data indicated that inflammatory cytokines including interleukin-1β (IL-1β), IL-6, tumor 
necrosis factor-alpha (TNF-α) and nitric oxide were suppressed by Monascin treatment. Furthermore, 
the related pro-inflammatory genes were inhibited consistent with the results of ELISA assay. 
Western blotting results showed that the phosphorylation of nuclear factor kappa B (NF-κB/p65) 
was reduced by Monascin treatment may be through suppressing the activation of IκB. Furthermore, 
immunofluorescence staining showed that the translocation of NF-κB/p65 to the cellular nuclear was 
blockaded after Monascin treatment.
Conclusion: Taken together, Monascin exerts anti-inflammatory effect and suppressed microglia 
activation, which suggested its potential therapeutic effect for inflammation-related diseases.

Article history:
Received: Jun 11, 2019
Accepted: Nov 9, 2019

Keywords: 
BV-2
Inflammatory reaction
Microglia
Monascin
NF-κB/p65 pathway

►Please cite this article as:  
Shi YX, Chen WSH. Monascin ameliorate inflammation in the lipopolysaccharide-induced BV-2 microglial cells via suppressing the NF-κB/p65 
pathway. Iran J Basic Med Sci 2020; 23:461-468. doi: 10.22038/ijbms.2020.41045.9702

Introduction
Inflammatory reaction is a common pathological 

process in numerous neurological diseases including 
acute brain injury (1), multiple sclerosis (2), Parkinson’s 
disease and Alzheimer’s disease (3). In the central 
nervous system (CNS), microglia cells as the major 
resident immunocompetent cells will be activated 
firstly to confront pathological changes and regulate 
neuroinflammatory process, which exerted both 
neuroprotective and neurotoxic effects in mediating 
inflammatory responses (3, 4). However, microglia cells 
were over-activated after various neurological diseases, 
such as spinal cord injury or cerebral ischemic injury (5). 
Moreover, activated microglia could release abundant 
pro-inflammatory factors including interleukin-6 (IL-6), 
tumor necrosis factor-alpha (TNF-α), IL-1β, and nitric 
oxide (NO), which will further stimulate the resting 
microglia to activate and contribute to neuronal death 
and exacerbate CNS damage (6-9).

In recent in vitro studies, it has been reported that 
nuclear factor kappa B (NF-κB or p65), a downstream 
of Toll-like receptors signaling pathway, is a family of 
transcription factors, which is related to macrophages 
activation and inflammatory mediator release (10). 
Normally, NF-κB/p65 is integrated by binding to the 

inhibitor protein IκBα and is present in the cytoplasm in 
an inactive form (11). 

The upstream regulator of IκBα will be activated when 
microglia is stimulated by inflammatory factors, then 
the activated IκBα will be phosphorylated and degraded, 
which will cause the translocation of NF-kB/p65 to the 
cellular nucleus and binding to inflammation-related 
genes leading to improved pro-inflammatory mediators 
translation (6, 12). Mass of studies have demonstrated 
that suppressing the NF-κB/p65 signaling pathway 
results in the amelioration of inflammation-related 
diseases, such as neuroinflammation (13), experimental 
colitis (14) and sepsis (15). 

Monascin, a traditional healthy diet that is widely 
used in Asian, has been reported for its numerous 
bio-effects including antioxidative, anti-inflammatory, 
anti-diabetes, and immunomodulatory properties (16-
22). Previous studies have indicated that Monascin can 
decrease the inflammatory reaction via suppressing 
the release of inflammatory cytokines in IL-1β-induced 
chondrocyte (23). Moreover, suppression of NF-κB/
IκBα pathway by Monascin have been widely shown 
in different cells, such as monocyte (22), chondrocyte 
(23), and endothelial cells (24). However, the anti-
inflammatory effects and its underlying mechanism 
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of Monascin on lipopolysaccharide (LPS)-induced 
microglia is unclear.

The potential mechanism in microglia by Monascin 
treatment may need further evaluation; however, 
suppression of microglia activated by inflammatory 
factors is considered a promising therapeutic strategy 
for neurodegenerative diseases. Thus, our group 
investigated the anti-inflammatory effect of Monascin 
and the underlying mechanism in vitro, which may be 
related to NF-κB/p65 signaling pathway.

Materials and Methods
Cell culture and treatment

The microglial cell line (BV-2, CRL-2468) was 
obtained from the American Type Culture Collection 
(ATCC, Manassas, USA). BV-2 cells were cultured with 
complete medium (high glucose DMEM medium added 
10% fetal bovine serum) and cultivated at cell incubator. 
Monascin (CAS No.21516-68-7, purity ≥97 %, Sigma-
Aldrich, USA) was prepared as stock solution first, which 
dissolved in dimethyl sulfoxide (DMSO, Sigma-Aldrich) 
to form a 100 mM final concentration. LPS (Escherichia 
coli 055:B5, Sigma-Aldrich) was dissolved in saline, and 
prepared as a stock solution with the final concentration 
of 5 mg/ml. The stock solution of Monascin was diluted 
appropriately with cell culture medium (final DMSO 
concentration ≤ 1%). BV-2 cells were pre-treated with 
varying dose of Monascin (5, 10, 15, or 20 μM) with or 
without 1 μg/ml of LPS stimulation for 24 hr.

 
Cell viability assay

BV-2 cells were seeded into a 96-well plate. After 24 
hr for adherence, cells were treated with different doses 
of Monascin (5, 10, 15, or 20 μM) with or without 1 μg/
ml of LPS stimulation for 24 hr. Then, 10 μl of CCK-8 
(Dojindo, Kumamoto, Japan) solution were added into 
each well of 96-well plate and cultured in cell incubator 
for 4 hr. After incubation, spectrophotometer (Bio-Rad, 
Hercules, USA) was used to detect the OD value at 450 
nm, then the cell viability was calculated according to 
the formula (25): 
Cell survival rate=[(experimental hole absorbance-
blank hole absorbance)/(control hole absorbance-blank 
hole absorbance)]×100%.

Nitric oxide assay
Griess reaction was used to measure the Nitrite, 

which is representative of NO production. Briefly, BV-2 

cells were seeded into a 96-well plate. After 24 hr for 
adherence, cells were treated with different doses of 
Monascin (5, 10, 15, or 20 μM) with or without 1 μg/
ml of LPS stimulation for 24 hr. After incubation, the 
culture supernatants (100 μl) of each group were 
added into a 96-well plate, which mixed with 100 μl 
Griess reagent (Beyotime, Shanghai, China) for 10 min 
at room temperature in the dark. After incubation, 
spectrophotometer was used to detect the OD value at 
540 nm. 

ELISA assay
BV-2 cells were seeded into a 12-well plate. After 24 hr 

for adherence, cells were treated with different doses of 
Monascin (5 and 10 μM) with or without 1 μg/ml of LPS 
stimulation for 24 hr. To detect the anti-inflammatory 
effect of Monascin, the cell-free supernatants of each 
well were harvested. The concentrations of IL-1β 
(MLB00C, sensitivity: 4.8 pg/ml, assay range: 12.5-800 
pg/ml), IL-6 (M6000B, sensitivity: 1.8 pg/ml, assay 
range: 7.8-500 pg/ml) and TNF-α (MTA00B, sensitivity: 
7.21 pg/ml, assay range: 10.9-700 pg/ml) were detected 
by the ELISA kits (R&D Systems, USA) according to the 
manufacturer’s protocols, and OD values were measured 
by a spectrophotometer at 450 nm.

Real-time PCR
BV-2 cells were re-plated in 6-well plates. After 24 hr 

for adherence, cells were treated with different doses of 
Monascin (5 and 10 μM) with or without 1 μg/ml of LPS 
stimulation for 24 hr. After treatment, TRIzol reagent 
(Invitrogen) was added into each well to extract the RNA. 
Then, 1 ul of RNA solution was added into NanoDrop 
(Thermo Fisher, USA) to detect the concentration 
and purity of total RNA. 1 μg of total RNA was reverse 
transcribed into cDNA for the PCR amplification. All 
cycle threshold values of each gene were harvested and 
normalized to the β-actin, a housekeeping gene. In order 
to find the relative difference in each gene, we used the 
2-ΔΔCt method. The primers of all genes used for real-time 
PCR were designed by and Songon Biotech (Shanghai, 
China) and shown in Table 1. 

Western blotting
BV-2 microglia were seeded in a 6-well. After 24 hr 

for adherence, cells were treated with different doses 
of Monascin (5 and 10 μM) with or without 1 μg/ml 
of LPS stimulation for 24 hr. After treatment, 100 μl of 

Table 1. Primers used for real-time PCR analysis  

Genes			 Forward	primers	 Reverse	primers	

IL-6			 TCCATCCAGTTGCCTTCTTG	 ATTGCCATTGCACAACTCTTTT	

IL-1β			

iNOS	

TNF-α				

TGGACCTTCCAGGATGAGGACA	

TCCCAGCCTGCCCCTTCAAT	

CTCAAGCCCTGGTATGAGCC	

GTTCATCTCGGAGCCTGTAGTG	

CGGATCTCTCTCCTCCTGGG	

GGCTGGGTAGAGAACGGATG	

β-actin	 GACCTGACTGACTACCTC	 GACAGCGAGGCCAGGATG	

 

 
IL-1β: interleukin 1 beta, TNF-α: Tumor necrosis factor alpha, iNOS: Inducible nitric oxide synthase
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RIPA solution (Solarbio, Shanghai, China) containing 1% 
protease inhibitor (Solarbio) were added to BV-2 cells 
for 5 min on the ice. Then, the cells were collected by 
cell scraping and placed in a centrifuge tube followed 
by 12000 rpm centrifugation at 4 °C for 30 min, the 
supernatant protein solution was harvested, and 
protein quantification was performed according to 
the manufacturer’s protocols of BCA kit (Beyotime, 
Shanghai, China). The protein was electrophoresed on 
different concentrations of polyacrylamide gel and then 
transferred to a polyvinylidene fluoride membrane 
(Merck, Darmstadt, Germany). Membranes were blocked 
by 5% skim milk powder for 2 hr and then incubated with 
primary antibody at 4 °C for 12 hr. Primary antibodies 
include anti-p-IκBα (1:500, Cell Signaling Technology, 
rabbit monoclonal antibody, #2859), anti-IκBα (1:500, 
Cell Signaling Technology, rabbit monoclonal antibody, 
#4812), anti-p-p65 (1:1000, Abcam, rabbit polyclonal 
antibody, ab97726), anti-p65 (1:1000, Abcam, rabbit 
monoclonal antibody, ab32536) and anti-GAPDH 
(glyceraldehyde-3-phosphate dehydrogenase; 1:500, 
Cell Signaling Technology, rabbit monoclonal antibody, 
#5174). Then, membranes were incubated with 
horseradish peroxidase (HRP)-conjugated secondary 
antibody (1:1000, Cell Signaling Technology, #7074) 
for 2 hr in shake cultivation. The membranes were 
visualized with an electrochemiluminescence plus 
reagent (Millipore, USA), and images of protein bands 
were captured on a Chemi DocXRS+ Imaging System 
(Bio-Rad, Hercules, USA). All experiments were repeated 
three times. The intensity of bands was normalized to 
those of GAPDH using Image Lab 3.0 software.

Immunofluorescent staining
BV-2 cells were seeded into 6-well plates. After 24 hr 

for adherence, cells were treated with different doses 
of Monascin (5 and 10 μM) with or without 1 μg/ml of 
LPS stimulation for 24 hr. After treatment, 1 ml of 4% 
paraformaldehyde was added into each well for 30 
min. Then, 1 ml of 0.5% Triton X-100 was added into 
each well for 15 min for permeabilization, followed by 
blocking with 5% bovine serum albumin for 1 hr at room 
temperature. BV-2 cells were incubated with primary 
antibodies: anti-p65 (1:400, Abcam, rabbit polyclonal 
antibody, ab97726) or anti-Iba-1 (1:500, Abcam, rabbit 
monoclonal antibody, ab178847) at 4 °C for 12 hr. After 
incubation, Alexa Fluor 488 conjugated secondary 
antibody (1:800, Abcam, ab150077) was added for 1 
hr at 37 °C in the dark. After incubation, cell nucleus 

was staining with DAPI (Beyotime). The BV-2 cells 
were visualized by a fluorescence microscope (Leica, 
Germany). Finally, each well of cells was selected three 
fields of view randomly and the fluorescence intensity 
or positive cell number were measured by Image Pro 
Plus.

Statistical analysis
The results were presented as mean±SD. Statistical 

analyses were performed using SPSS statistical software 
program 18.0 from three independent experiments. 
Difference among groups was assessed by the one-way 
analysis of variance (ANOVA) followed by Tukey test. *P 
value < 0.05 was considered as statistically significant.

Results 
The viability of microglia after Monascin treatment

The chemical structure of Monascin was exhibited in 
Figure 1A. Before investigating the biological function 
of Monascin on BV-2 microglia, we used CCK-8 method 
to analyze the potential cytotoxic effects of Monsacin. 
We found that Monascin did not have cytotoxic effects 
in microglia between 0-10 μM as shown in Figure 1B. 
However, microglia after treatment with 15 and 20 μM 
Monascin showed decreased viability to 94.45% and 
80.55%, respectively. Moreover, after stimulation of 
LPS (1 μg/ml), the viability of microglia treated with 
0-10 μM Monascin did not show statistically significant 
change compared to control group (Figure 1C). Thus, in 
our experiments, we chose the 10 μM dose of Monascin.

Monascin inhibits inflammation-related cytokines 
and genes in LPS-induced microglia

The level of inflammation-related cytokines could 
reflect the extent of inflammatory response. In our 
experiments, we detected the content of IL-1β, IL-6, TNF-α 
and NO after LPS stimulation in microglia. Our results 
showed that in LPS-induced group, the concentration 
of pro-inflammatory cytokines including IL-1β, IL-6 
and TNF-α remarkably increased, which significantly 
reversed by Monascin treatment at doses of 5 and 10 
μM (Figure 2A-2C). Meanwhile, we investigated the 
production of NO after Monnasin treatment, which was 
synthesized by inducible nitric oxide synthase (iNOS). 
As shown in Figure 2D, LPS induced a notable release of 
NO. However, pretreatment with Monascin significantly 
decreased LPS-induced NO production. Furthermore, 
we used qPCR to determine the level of inflammatory-
related mRNA. Similarly, IL-1β (Figure 2E), IL-6 (Figure 

Figure 1. Effects of Monascin on the viability of BV-2 cells
(A) Chemical structure of Monascin. (B, C) BV-2 cells were treated with Monascin (0-20 μM) in the absence or presence of lipopolysaccharides 
(LPS) for 24 hr, and the cell viability was measured by CCK8 assay. The values presented are the means±SD. *P<0.05 vs. control group, n=3
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2F), TNF-α (Figure 2G) and iNOS (Figure 2H) mRNAs 
were significantly enhanced following LPS stimulation 
and remarkably reduced by Monascin pretreatment. 
The results indicate that Monascin negatively controls 
the pro-inflammatory mediator production of IL-1β, IL-
6, TNF-α and NO. Moreover, it could downregulate IL-1β, 
IL-6, TNF-α and iNOS mRNAs at the transcriptional level.

Monascin inhibits LPS-induced microglia activation
Microglia can change their morphology to 

accommodate various environments. For instance, 
microglia stimulated by LPS, IFN-γ and β-amyloid 
would retract the axon, which show branching 
morphology in normal conditions. As shown in Figure 
3A, microglia shifted to an amoeboid shape by LPS 

stimulation, indicating that microglia are activated; 
however, microglia develop branching morphology after 
Monascin treatment. In Figure 3B, the length analysis 
results showed that the axonal length of microglia 
decreased around at 65.25 pixels 24 hr after LPS 
stimulation compared to control group (509.5 pixels) 
and restored to 175.5 and 328.5 pixels by 5 and 10 
μM of Monascin treatment, respectively. Furthermore, 
iNOS and cyclooxygenase-2 (COX-2) that were markers 
of activated microglia were detected by western blot, 
suggesting that the expression of iNOS and COX-2 were 
remarkably suppressed by Monascin pretreatment 
(Figure 3C-3E). Overall, these data could show that 
microglia could be activated by LPS simulation, 
which complied with morphological transformation. 

 

 

 

 

 

 

 

 

 

Figure 2. Effects of Monascin on production of pro-inflammatory mediators in lipopolysaccharides (LPS)-induced BV-2 cells
BV-2 cells were treated with 5 or 10 μM Monascin with or without 1 μg/ml of LPS for 24 hr. The levels of A interleukin 1 beta (IL-1β), B IL-6, C 
tumor necrosis factor alpha (TNF-α), and D nitric oxide (NO) and E IL-1β, F IL-6, G TNF-α,  and H inducible nitric oxide synthase (iNOS) mRNA were 
measured. Results are expressed as the mean of three independent experiments. *P<0.05 vs. indicated group

 

 

 

 

 

 

Figure 3. Monascin suppressed lipopolysaccharides (LPS)-induced microglial cells activation
(A, B) The morphological results of BV-2 cells treated with Monascin (5 or 10 μM) in the absence or presence of LPS for 24 hr. Morphological 
changes were quantified by measuring the length of axon. (C) Western blot analysis of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 
(COX-2). Monascin significantly reversed the inflammation enzyme synthesis in microglia after LPS stimulation in a dose-dependent manner. The 
densitometric analysis of all Western blot bands was normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The values presented 
are the means±SD. *P<0.05 vs. indicated group, n=3
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Meanwhile, pretreatment of Monascin could inhibit 
those effects of LPS.

Monascin inhibits the Iba-1 expression of LPS-induced 
microglia

Iba-1 is a main marker of microglia, which is activated 
by LPS. In our study, we detected the Iba-1 marker by 
immunofluorescence to assess the anti-inflammatory 
effect of Monascin. As shown in Figure 4A and 4B, Iba-1 
fluorescence intensity was notably increased after LPS 
stimulation for 24 hr. Interestingly, it could be reversed 
by Monascin pretreatment (Figure 4A and 4B). These 
data demonstrated that Monascin could suppress 
microglia activation through suppressing the expression 
of Iba-1.

Monascin inhibits NF-κB/p65 signal pathway in LPS-
induced microglia

Our group found that NF-κB or p65 signal pathway 
plays a vital role in the underlying mechanism of anti-
inflammatory effects of Monascin. The western blot 
showed that the expression of NF-κB/p65 pathway-
related protein, the phosphorylation of NF-κB/p65 
and IκBα levels were significantly enhanced by LPS 
stimulation compared to control group, and markedly 
downregulated after Monascin treatment compared to 
that of LPS-stimulated group (Figure 5A-5C). Moreover, 
Monascin remarkably reversed the activation of NF-κB/
p65 signal pathway compared to the LPS group in a dose-
dependent manner. Furthermore, immunofluorescent 
staining was implemented to examine the nuclear 

 

 

 

 

 

 

 

Figure 4. Monascin suppresses the Iba-1 expression of microglia
(A, B) Immunofluorescence staining results of Iba-1 by Monascin and/or lipopolysaccharides (LPS) treatment in microglial cells. BV-2 cells were 
treated with 5 or 10 μM Monascin with or without 1 μg/ml LPS for 24 hr. Monascin markedly inhibited Iba-1 expression, which had been increased 
by LPS. The values presented are the means ± SD. *P<0.05 vs. indicated group, n=3

 

 

 

 

 

 

 

Figure 5. Monascin regulates activation of the nuclear factor kappa B (NF-κB/p65) pathway
(A, B, C) Western blot analysis of p-IκB and p-p65 at different doses of Monascin treatment. Lipopolysaccharides (LPS) evidently activated NF-κB 
pathway, which was reversed by Monascin. The densitometric analysis of all Western blot bands was normalized to glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The values presented are the means±SD. *P<0.05 vs. indicated group, n=3
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translocation of NF-κB/p65.
The immunofluorescent staining results indicated 

that most of the NF-κB/p65 proteins were settled at 
cytoplasm in resting microglia. On the contrary, when 
microglia induced by LPS, NF-κB/p65 proteins will 
translocate to the nucleus. However, this phenomenon 
of NF-κB/p65 protein nuclear translocation was blocked 
by Monascin pretreatment (Figure 6A and 6B). In 
summary, these results indicate that NF-κB/p65 signal 
pathway plays an essential role in microglia activation, 
which could be suppressed by Monascin.

Discussion
Monascus-fermented rice is a popular food that 

has been used for more than 1,000 years in many 
Asian countries and is considered as a traditional 
healthy diet. Monascin, an azaphilonoid pigment, is 
the main components of Monascus-fermented rice 
(21). Numerous studies have reported that Monascin 
could exert many bioactive effects including anti-
inflammation, anti-oxidation and anti-diabetic (19, 20, 
22). However, its protectiveness in neurodegenerative 
diseases remains unknown. 

In this study, we indicated the inhibition of 
inflammation and elucidated the molecular mechanism 
by which Monascin is regulated in microglia.

Nitric oxide synthase (NOS) is an enzyme present 
in endothelial cells, macrophages, neurophagocytes, 
and nerve cells. iNOS is expressed after injury.NO is 
also derived from iNOS, and it has been shown that 
neuronal NOS has a neurotoxic effect (26-28). In our 
present study, Monascin inhibited the NO synthesis  
by expression of iNOS mRNA. Moreover, inflammatory 
response is a positive feedback cascade, and the 
expression of iNOS could be remarkably enhanced by 
the other secretory pro-inflammatory cytokines (29-

31). Previous studies have indicated that Monascin 
could inhibit inflammation-related cytokines 
expression in IL-1β-induced chondrocytes (23). These 
results are consistent with our present research that 
Monascin inhibits the production of TNF-α, IL-1β, and 
IL-6, which significantly increased by LPS stimulation. 
Meanwhile, Monascin downregulates the relevant mRNA 
expression. In CNS, inflammation along with releasing 
TNF-α, IL-1β and chemokines, aggravates inflammatory 
reaction and exacerbates the damage of neurons (32, 
33). Similarly, COX-2, an inflammatory enzyme, takes 
parts in the process of inflammatory response and 
microglia activation. It could be considered as another 
essential enzyme in inflammation, which could be 
generated by microglia and astrocytes (34, 35). In our 
present study, we demonstrated that Monascin had no 
cytotoxic effects on microglia viability at concentrate 
of 5 and 10 μM, which were used in our experiments. 
A mass of studies has reported that neurodegenerative 
diseases may relate to microglia activation, though 
the underlying mechanism of microglia activation or 
though the neurological process that are not clear (36, 
37). Our data suggest that Monascin may inhibit pro-
inflammatory mediators including TNF-α, IL-1β, IL-6, 
COX-2 and iNOS at the gene and protein level. Thus, 
Monascin is identified to have anti-inflammatory effects 
on microglia.

NF-κB/p65 plays a major role in starting of 
inflammatory reactions. Moreover, it could regulate the 
transcription of inflammatory mediators including iNOS 
and COX-2 (38, 39). A complex formed by NF-κB/p65 
and IκB-α settles in the cytoplasm in the resting cells. 
When the NF-κB/p65 signal pathway is activated, the 
extracellular stimulating factors such as LPS and IL-1β, 
as well as the complex formed by IκB-α and NF-κB/p65 
will be separated to monomer and will subsequently 

 

  

 

 
 

Figure 6. Monascin blocked the transfer of nuclear factor kappa B (NF-κB/p65)
(A) Immunofluorescence staining results of p65 in Monascin and/or lipopolysaccharides (LPS)-treated microglial cells. Monascin ameliorated NF-
κB/p65 translocation into the nucleus in microglial cells. The values presented are the means±SD. *P<0.05 vs. indicated group, n=3
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phosphorylate each other. Finally, the phosphorylated 
NF-κB/p65 will translocate to the nuclear region. In 
order to further investigate the underlying mechanism 
of the anti-inflammatory response of Monascin, we 
used western blot and immunofluorescence assay. 
The western blot assay indicated that the NF-κB/p65 
signal pathway was activated after LPS stimulation, 
which could be reversed by Monascin pretreatment. 
Furthermore, immunofluorescence assay showed that 
NF-κB/p65 translocate to the nuclear remarkably 
increased by LPS stimulation and reversed by Monascin 
pretreatment. 

Conclusion
Taken together, the present in vitro study indicates that 

Monascin may suppress the NF-κB/p65 signal pathway 
through inhibiting IκB degradation, which relates to 
the pro-inflammatory factors release and microglia 
activation. Moreover, we clarified the underlying anti-
inflammation mechanism of Monascin in LPS-induced 
microglia and provided a theoretical basis for its success 
in the clinical treatment of neurodegenerative diseases.

Acknowledgement
This research was supported by Zhejiang Provincial 

Natural Science Foundation of China under Grant (Grant 
No.: LQ16H060001); Zhejiang Provincial Project for 
Medical and Health Science and Technology (Grant No.: 
2016KYA092).

Conflicts of Interest
The authors declare no conflict of interest.

References
1. Davies CL,  Patir A,  McColl BW. Myeloid Cell and Transcriptome 
Signatures Associated With Inflammation Resolution in 
a Model of Self-Limiting Acute Brain Inflammation. Front 
Immunol. 2019;10:1048.
2. Schropp V, Rohde J, Rovituso DM, Jabari S, Bharti R, Kuerten S. 
Contribution of LTi and T17 cells to B cell aggregate formation 
in the central nervous system in a mouse model of multiple 
sclerosis. J Neuroinflammation 2019; 16:111.
3. Glass CK, Saijo K, Winner B, Marchetto MC, Gage FH. 
Mechanisms underlying inflammation in neurodegeneration. 
Cell 2010; 140:918-34.
4. Block ML, Hong JS. Microglia and inflammation-mediated 
neurodegeneration: multiple triggers with a common 
mechanism. Prog Neurobiol 2005; 76:77-98.
5. Wang C, Wang Q, Lou Y, Xu J, Feng Z, Chen Y, et al. 
Salidroside attenuates neuroinflammation and improves 
functional recovery after spinal cord injury through microglia 
polarization regulation. J Cell Mol Med 2018; 02:22
6. Bhalala US, Koehler RC, Kannan S. Neuroinflammation and 
neuroimmune dysregulation after acute hypoxic-ischemic 
injury of developing brain. Frontiers in Pediatrics 2015; 2:144.
7. Fudong, Louise, McCullough. Inflammatory responses in 
hypoxic ischemic encephalopathy. Acta Pharmacol Sin 2013; 
34:1121-30.
8. Shukla V, Shakya AK, Perez-Pinzon MA, Dave KR. Cerebral 
ischemic damage in diabetes: an inflammatory perspective. J 
Neuroinflammation 2017; 14:21.
9. Vidale S, Consoli A, Arnaboldi M, Consoli D. Postischemic 
Inflammation in Acute Stroke. J Clin Neurol 2017; 13:1-9.
10. Tak PP, Firestein GS. NF-κB: a key role in inflammatory 
diseases. The Journal of clinical investigation 2001; 107:7-11.
11. Shih VF, Tsui R, Caldwell A, Hoffmann A. A single NFκB 

system for both canonical and non-canonical signaling. Cell 
Res 2011; 21:86-102.
12. Luo Q, Yan X, Bobrovskaya L, Ji M, Yuan H, Lou H, et al. Anti-
neuroinflammatory effects of grossamide from hemp seed via 
suppression of TLR-4-mediated NF-κB signaling pathways in 
lipopolysaccharide-stimulated BV2 microglia cells. Mol Cell 
Biochem 2017; 428:129-37.
13. Fan H, Wu PF, Zhang L, Hu ZL, Wang W, Guan XL, et 
al. Methionine sulfoxide reductase A negatively controls 
microglia-mediated neuroinflammation via inhibiting ROS/
MAPKs/NF-κB signaling pathways through a catalytic 
antioxidant function. Antioxidants & redox signaling 2015; 
22:832-47.
14. Xu J, Zhou L, Ji L, Chen F, Fortmann K, Zhang K, et al. The 
REG [gamma]-proteasome forms a regulatory circuit with I 
[kappa] B [epsiv] and NF [kappa] B in experimental colitis. 
Nature communications 2016; 7.
15. Puneet P, Yap CT, Wong L, Yulin L, Koh DR, Moochhala S, 
et al. SphK1 regulates proinflammatory responses associated 
with endotoxin and polymicrobial sepsis. Science 2010; 
328:1290-4.
16. Chang YY, Hsu WH, Pan TM. Monascus secondary 
metabolites monascin and ankaflavin inhibit activation of 
RBL-2H3 cells. J Agric Food Chem 2015; 63:192-9.
17. Hsu LC, Liang YH, Hsu YW, Kuo YH, Pan TM,. Anti-
inflammatory Properties of Yellow and Orange Pigments 
from Monascus purpureus NTU 568. J Agric Food Chem 2013; 
61:2796-802.
18. Hsu WH, Chen TH, Lee BH, Hsu YW, Pan TM. Monascin and 
ankaflavin act as natural AMPK activators with PPARα agonist 
activity to down-regulate nonalcoholic steatohepatitis in 
high-fat diet-fed C57BL/6 mice. Food & Chemical Toxicology 
An International Journal Published for the British Industrial 
Biological Research Association 2014; 64:94-103.
19. Hsu WH, Lee BH, Pan TM. Monascin attenuates oxidative 
stress-mediated lung inflammation via peroxisome 
proliferator-activated receptor-gamma (PPAR-γ) and nuclear 
factor-erythroid 2 related factor 2 (Nrf-2) modulation. J Agric 
Food Chem 2014; 62:5337-44.
20. Hsu WH, Lu SS, Lee BH, Hsu YW, Pan TM. Monacolin K and 
monascin attenuated pancreas impairment and hyperglycemia 
induced by advanced glycation endproducts in BALB/c mice. 
Food Funct 2013; 4:1742-50.
21. Hsu WH, Pan TM. A novel PPARgamma agonist monascin’s 
potential application in diabetes prevention. Food Funct 2014; 
5:1334-40.
22. Hsu WH, Lee BH, Liao TH, Hsu YW, Pan TM. Monascus 
-fermented metabolite monascin suppresses inflammation via 
PPAR-γ regulation and JNK inactivation in THP-1 monocytes. 
Food Chem Toxicol 2012; 50:1178-86.
23. Zheng G, Zhan Y, Tang Q, Chen T, Zheng F, Wang H, et 
al. Monascin inhibits IL-1β induced catabolism in mouse 
chondrocytes and ameliorates murine osteoarthritis. Food 
Funct 2018; 9: 1454-1464
24. Hsu WH, Lee BH, Lu IJ, Pan TM. Ankaflavin and monascin 
regulate endothelial adhesion molecules and endothelial 
NO synthase (eNOS) expression induced by tumor necrosis 
factor-α (TNF-α) in human umbilical vein endothelial cells 
(HUVECs). J Agric Food Chem 2012; 60:1666-72.
25. Wang C, Wang M, Xu T, Zhang X, Lin C, Gao W, et al. 
Engineering Bioactive Self-Healing Antibacterial Exosomes 
Hydrogel for Promoting Chronic Diabetic Wound Healing and 
Complete Skin Regeneration. Theranostics 2019; 9:65-76.
26. Kim BW, Koppula S, Hong SS, Jeon SB, Kwon JH, 
Hwang BY, et al. Regulation of microglia activity by 
glaucocalyxin-A: attenuation of lipopolysaccharide-stimulated 
neuroinflammation through NF-κB and p38 MAPK signaling 
pathways. PLoS One 2013; 8:e55792.
27. Rivest S. Molecular insights on the cerebral innate immune 
system. Brain Behavior & Immunity 2003; 17:13-9.



Iran J Basic Med Sci, Vol. 23, No. 4, Apr 2020

Shi and Chen Anti-inflammatory effects of Monascin 

468

28. Michal S, Ravid S. Systemic inflammatory cells fight off 
neurodegenerative disease. Nature Reviews Neurology 2010; 
6:405-10.
29. Gebicke-Haerter PJ. Microglia in neurodegeneration: 
molecular aspects. Microsc Res Tech 2010; 54:47.
30. Liang X, Wu L, Wang Q, Hand T, Bilak M, McCullough L, et al. 
Function of COX-2 and prostaglandins in neurological disease. 
J Mol Neurosci 2007; 33:94-9.
31. Wang W, Ji P, Dow KE. Corticotropin-releasing hormone 
induces proliferation and TNF-alpha release in cultured rat 
microglia via MAP kinase signalling pathways. J Neurochem 
2003; 84:189-95.
32. Dheen S, Kaur C, Ea. Microglial activation and its 
implications in the brain diseases. Curr Med Chem 2007; 14.
33. Rothwell N. Interleukin-1 and neuronal injury: mechanisms, 
modification, and therapeutic potential. Brain Behavior & 
Immunity 2003; 17:152-7.
34. Allagnat F, Fukaya M, Nogueira TC, Delaroche D, Welsh N, 
Marselli L, et al. C/EBP homologous protein contributes to 
cytokine-induced pro-inflammatory responses and apoptosis 
in β-cells. Cell Death Differ 2012; 19:1836-46.

35. Lim JY, Won TJ, Hwang BY, Kim HR, Hwang KW, Sul D, et 
al. The new diterpene isodojaponin D inhibited LPS-induced 
microglial activation through NF-kappaB and MAPK signaling 
pathways. Eur J Pharmacol 2010; 642:10-8.
36. Giovannini M, Scali C, Prosperi C, Bellucci A, Pepeu G, Casamenti 
F. Experimental brain inflammation and neurodegeneration as 
model of Alzheimer’s disease: protective effects of selective COX-
2 inhibitors. Int J Immunopathol Pharmacol 2003; 16:31-40.
37. Miller RL, James-Kracke M, Sun GY, Sun AY. Oxidative and 
inflammatory pathways in Parkinson’s disease. Neurochem 
Res 2009; 34:55-65.
38. Spooren A, Kooijman R, Lintermans B, Van Craenenbroeck 
K, Vermeulen L, Haegeman G, et al. Cooperation of NFκB and 
CREB to induce synergistic IL-6 expression in astrocytes. Cell 
Signal 2010; 22:871-81.
39. Vaillancourt F, Morquette B, Shi Q, Fahmi H, Lavigne P, Di 
Battista JA, et al. Differential regulation of cyclooxygenase-2 
and inducible nitric oxide synthase by 4-hydroxynonenal in 
human osteoarthritic chondrocytes through ATF-2/CREB-1 
transactivation and concomitant inhibition of NF-κB signaling 
cascade. J Cell Biochem 2007; 100:1217-31.


	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Conflicts of Interest
	References

