
Mangiferin inhibited neuroinflammation through regulating
microglial polarization and suppressing NF-κB, NLRP3 pathway

LEI Li-Yan1, WANG Rui-Cheng2, PAN Ya-Lei1, YUE Zheng-Gang1,
ZHOU Rui1, XIE Pei1, TANG Zhi-Shu1*

1 Shaanxi Collaborative Innovation Center of Chinese Medicinal Resources Industrialization, Shaanxi Province Key Laboratory
of New Drugs and Chinese Medicine Foundation Research, State Key Laboratory of Research & Development of Characteristic
Qin Medicine Resources (Cultivation), Shaanxi University of Chinese Medicine, Xianyang 712083, China;
2 The Affiliated Hospital of Shaanxi University of Chinese Medicine, Xianyang 712000, China

[ABSTRACT] Inflammation  plays  important  roles  in  the  progress  of  neurodegenerative  diseases,  such  as  Parkinson’s  disease  and
Alzheimer’s disease. Microglia is responsible for the homeostasis of the central nervous system (CNS), and involved in the neuroin-
flammation. Therefore,  it  could  be  potential  in  treatment  of  neurodegenerative  diseases  to  suppress  the  microglia-mediated neuroin-
flammation. Mangiferin, a major glucoside of xanthone in Anemarrhena Rhizome, has anti-inflammatory, anti-diabetes, and anti-oxid-
ative properties. However, the effect of mangiferin on the inflammatary responses of microglia cells are still poorly understand. In this
study,  we  investigated  the  mechanism  by  which  mangiferin  inhibited  inflammation  in  LPS-induced  BV2 microglia  cells.  BV2 cells
were pretreatment with mangiferin followed by LPS stimulation. In vitro assays, NO and cytokines production were quantified. West-
ern blot and immunocytochemistry were used to examine the effect of mangiferin on the polarization of BV2 cells and signaling path-
way.  The  results  showed  that  mangiferin  treatment  significantly  reduced  NO,  IL-1β,  IL-6  and  TNF-α production,  also  reduced  the
mRNA and protein of iNOS and COX-2, promoted the polarization of inflammatory toward anti-inflammatory, and inhibited activa-
tion of NF-κB and NLRP3 inflammasome. These data suggest that mangiferin has an anti-neuroinflammatory property via regulating
microglia macrophage polarization and suppressing NF-κB and NLRP3 signaling pathway,  and may act  as  a  potential  natural  thera-
peutic candidate for neuroinflammatory diseases.
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Introduction

Alzheimer’s  disease  and  Parkinson’s disease  are  com-
plex  process  of  neurodegenerative  disorder.  Although  the
cause remains poorly understood, increasing evidence shows
that inflammation plays an important role in the process [1-4].
Microglial  are  resident  innate  immune  cells  in  the  central
nervous system, and play an important role in the damage and
repair  of  the  nervous  system [5-7].  They  respond  quickly  to
harmful  stimuli  from pathogens  such as  a  virus  and bacteria
by performing phagocytosis process [8-9]. There are two phen-
otypes  of  microglia  including  pro-inflammation  and  anti-in-

flammation [10-12]. In an experimental model, lipopolysacchar-
ide (LPS) binds to LPS-binding protein induces the M1 state
of  microglia.  The complex interacts  with  toll-like  receptor  4
(TLR4) stimulating a transmembrane signaling pathway [13-14].
TLR4  signaling  is  divided  into  MyD88-dependent  and
MyD88-independent style.  In  the  MyD88-dependent  path-
way, nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB) is activated, which then enters into the nucleus
followed  by  binding  to  DNA [15-16].  Activation  of  NF-κB in-
duces  transcriptional  up-regulation  of  M1-associated  pro-in-
flammation mediators, such as iNOS, IL-1β, and PGE2, caus-
ing neuroinflammation and inducing nerve damage [17].

Nucleotide  binding  domain  leucine-rich  repeat  with  a
pyrindomain containing 3 (NLRP3) inflammasome also plays
an  important  role  in  the  progress  of  neuroinflammation [18].
Activated  NF-κB  increases  the  expression  of  inactive
NLRP3. A subsequent stimulus activates the NLRP3 inflam-
masome  by  facilitating  the  oligomerization  of  inactive
NLRP3, apoptosis-associated speck-like protein containing a
caspase-recruitment  domain  (ASC)  and  procaspase-1 [19].

[Received on] 15-Apr.-2020
[Research funding] This work was supported by the National Natur-
al Science Foundation of China (No. 81603357), the Natural Science
Basic  Research  Plan  in  Shaanxi  Province  of  China  (No.  2017.
Q8043),  and  the  Scientific  Research  Program  Funded  by  Shaanxi
Provincial Education Department (No. 20JY011).
[*Corresponding author] E-mail: zst6565@163.com
These authors have no conflict of interest to declare. 

 

Available online at www.sciencedirect.com

Chinese Journal of Natural Medicines 2021, 19(2): 112-119
doi: 10.1016/S1875-5364(21)60012-2

•Research article•

– 112 –



ASC  act  as  an  adaptor  protein,  recruiting  procaspase-1 via
CARD  domain.  Procaspase-1  produce  the  two  fragments
which are a tetrameric form of the active caspase-1 [20]. Then
the active  caspase-1 enzyme cleaves  the  proinflammtory cy-
tokines  pro-IL-1β and  pro-IL-18  into  their  mature  secreted
forms. It has been proved that IL-1β plays an noteworthy role
in the pathogenesis of neurodegenerative diseases.

Mangiferin (1,3,6,7-tetrahydroxyxanthone-2-β-D glucos-
ide) is  a  polyphenol found in many plant  species.  It  exhibits
potent anti-diabetes, anti-tumour, antibacterial, antiviral, anti-
inflammation, anti-oxidant, immunomodulatory and uric acid-
lowering activities [21]. It has been reported that mangiferin in-
hibited  COX-2  and  PGE2 in  primary  rat  microglia [22].
However,  it  is  unclear  the  underlying  mechanism  of
mangiferin  in  microglia.  In  this  study,  we  investigated  the
anti-inflammatory mechanism  of  mangiferin  in  mouse  mi-
croglia  (BV2)  cells.  First,  we  determined  the  effect  of
mangiferin on  the  production  of  neurotoxic  (NO)  and  cy-
tokines (including IL-1β, IL-6, and TNF-α). Then, we estim-
ated the  mRNA  and  protein  level  of  iNOS  and  COX-2.  Fi-
nally, the protein level of NF-κB, NLRP3, ASC, and Caspase-
1  p20  were  determinded.  Overall,  Our  results  explored  that
mangiferin  had  an  anti-inflammatiory  effect  on  BV2 cells
through inhibiting the activity  of  NF-κB and NLRP3 signal-
ing pathway.

Material and Methods

Reagents
DMEM  high  glucose  medium,  penicillin,  streptomycin,

and  Fetal  bovine  serum  were  purchased  from  Gibco  (Life
Technologies,  Grand  Island,  NY,  USA).  Mangiferin,  LPS
(from E.  coli 0111:B4),  3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide,  Griess  reagent  and  DMSO were
purchased from Sigma Aldrich (St. Louis, MO, USA); UNlQ-
10 Column Total  RNA Purification  Kit  was  purchased from
Sangon  Biotech  (Shanghai,  China).  IL-1β,  IL-6,  TNF-α,  IL-
10 ELISA kits  were purchased from Neobioscience Techno-
logy Company (Shenzhen, China). RIPA buffer, protease in-
hibitors,  phosphatase  inhibitors,  BCA protein  assay  kit  were
purchased from Beyotime Institute of Biotechnology (Shang-
hai, China).  ECL  chemiluminescence  substrate  was  pur-
chased from Thermo Scientific (Waltham, MA, USA). Anti-
bodies  were  purchased  from  Cell  Signaling  (Farmingdale,
NY, USA). TransScript First-Strand cDNA Synthesis Super-
Mix  and  TransStart  Green  qPCR  SuperMix  were  obtained
from Transgen Biotech (Beijing, China)
Cell culture

Murine BV2  microglial  cells  were  purchased  from  Na-
tional Infrastructure  of  Cell  Line  Resource  (China)  and  cul-
ture  in  DMEM  medium  containing  10% FBS,  100  U·mL–1

penicillin  and  100  mg·L–1 streptomycin. Cells  were  main-
tained in a humidified atmosphere of 5% CO2 at 37 °C.
MTT assay

BV2 cells were seeded into 96-well plates at 1 × 105/well
and incubated  overnight.  Cells  were  pre-treated  with  differ-

ent concentrations of Mangiferin (0 to 150 μg·mL–1) for 2 h,
and then treated with LPS (0.5 μg·mL–1)) for 24 h. Cell viab-
ility was assayed by MTT assay following the manufacture's
instruction.
NO assay

Cells  were  pre-treated  with  different  concentrations  of
Mangiferin (0 to 150 μg·mL–1) for 2 h, and then treated with
LPS (0.5  μg·mL–1)  for  24  h.  The  supernatant  of  culture  was
collected  and  the  concentration  of  NO  was  measured  by
Griess assay.
Enzyme-linked Immunosorbent assay

Cells  were  pre-treated  with  different  concentrations  of
Mangiferin (0 to 150 μg·mL–1)) for 2 h, and then treated with
LPS (0.5  μg·mL–1)  for  24  h.  The  supernatant  of  culture  was
collected and  the  concentrations  of  pro-inflammation  cy-
tokines were measured by ELISA according to the manufac-
ture's instruction.
RNA extraction and real-time quantitative PCR (qRT-PCR)

Cells  were  collected  and  total  mRNA  was  extracted  by
UNlQ-10 Column Total  RNA Purification  Kit  following the
manufacture’s  instruction.  cDNA  was  synthesized  using  the
TransScript First-Strand  cDNA  Synthesis  SuperMix  kit  ac-
cording to the manufacture’s instruction. The qPCR reaction
was  performed  in  the  qTOWER 2.2  System (qTOWER 2.2,
Jena, Germany) using the TransStart  Green qPCR SuperMix
kit.  Primers  were  provided  as  follows:  forward  strand  for
iNOS,  5′-CCTGCTTTGTGCGAAGTGTC-3′;  reverse  strand
for iNOS,  5′-CCCAAACACCAAGCTCATGC-3′.  forward
strand for COX-2,5′-CCACTTCAAGGGAGTCTGGA-3′; re-
verse strand for COX-2,5′-AGTCATCTGCTACGGGAGGA-
3′. β-actin  primers  were  purchased  from  Sangon  Biotech
(Shanghai, China, B662302).
Western bloting

Cells were lysed by RIPA buffer with protease inhibitors
and phosphatase inhibitors. The concentration of protein was
detected by BCA protein  assay  reagent  following the  manu-
facture’s instruction. Proteins were seprated using 10% SDS-
PAGE  and  transfereed  to  PVDF  membranes  followed  by
blocking with 5% fat-free milk. The membranes were incub-
ated  with  primary  antibodies  at  4  °C  overnight  and  then
washed three times with tris-buffer  saline tween-20 (TBST).
The membranes were incubated with secondary antibody for
1 h at room temperature, then washed with TBST three times,
and  once  with  tris-buffer  saline  (TBS).  Immune  complexes
were detected by ECL chemiluminescence assay with an ECL
Western  Bloting  Kit  according  to  the  manufacture’s instruc-
tion.
Immunofluorescence staining

BV2 cells were seeded into 6-well plates at 2 × 104/well
and  incubated  overnight.  Cells  were  pre-treated  with  150
μg·mL–1 mangiferin for 2 h prior to treated with 0.5 μg·mL–1

LPS  for  24  h.  Cells  were  fixed  with  4% paraformaldehyde
followed  by  permeabilized.  The  cells  were  incubated  with
anti-NF-κB  primary  antibody  overnight.  Cells  were  washed
with PBS and incubated with fluorescent secondary antibody.
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The  nucleus  was  stained  with  Hoechst  33342.  Fluorescence
was analyzed using a fluorescence microscope (BX53, Olym-
pus).
Statistical analysis

Data were presented as mean ± standard deviation (SD).
Statistical  analysis  was  performed  using  one-way  ANOVA.
Differences  were  considered  statistically  significant  if P <
0.05.

Result

Mangiferin protected BV2 cells and inhibited NO production
The  MTT  assay  was  used  to  assess  the  effect  of

mangiferin  on  survival  of  BV2  cells.  There  was  no  obvious
cytotoxicity of mangiferin (50 to 150 μg·mL–1) on BV2 cells,
but it significantly inhibited the effect of LPS on the survival
rate of BV2 cells (Fig. 1A). To estimat whether mangiferin in-
hibited the production of NO in BV2 cells stimulated by LPS,
we  pretreated  cells  with  50  to  150  μg·mL–1 mangiferin  for
2 h, followed by stimulation with 0.5 μg·mL–1 LPS for 24 h.
NO  production  was  examined  by  Griess  reagent  assay.  As
shown in Fig.  1B, LPS treatment significantly increased NO
production  compared  to  control.  Mangiferin  inhibited  LPS-
stimulated NO production in a dose-dependent manner.
Effect of  mangiferin  on  the  morphological  changes  and   po-
larization of the BV2 cells

The  effect  of  mangiferin  on  the  cell  morphological
changes were observed using microscopy. We have observed
the morphology  of  BV2 cells  both  under  bright-field  micro-
scope and dark-field microscopy. Compared with bright-field
observations (the results  we have not  shown),  dark-field mi-
croscopes showed the details of cell edges more clearly. BV2
cells  were  exhibited  regular  morphology  and  smooth  cell
edges  in  control  and  mangiferin  treatment  alone  group
(Fig. 2A). After LPS treatment, the cell edges are rough and
the  shape  is  irregular.  It  is  clear  that  100  and  150  μg·mL–1

mangiferin  pretreatment  improved  the  cellular  morphology.
There are  two  well-established  phenotype  of  microglia  in-
cluding  pro-inflammation  type  and  anti-inflammation  type.
As  shown  in Fig.  2B, the  expression  of  CD16/32  signific-
antly increased by 2.3-fold while CD206 had no obvious in-
crease  upon  LPS  stimulation.  Interestingly,  150  μg·mL–1

mangiferin treatment  significiantly  decreased  CD16/32  pro-
tein  but  increased  the  expression  of  CD206  protein.  These
results suggest that mangiferin can revert the effect of LPS on
the BV2 microglial polarization, trigger the polarization of in-
flammatory toward anti-inflammatory.
Mangiferin inhibited iNOS and COX-2 expression induced by
LPS

iNOS and COX-2 are major  factors  in inflammatory re-
sponses. To  examine  whether  mangiferin  regulates  the  ex-
pression of  iNOS and COX-2,  we used PCR to  measure  the
mRNA  levels  of  iNOS  and  COX-2,  and  western  blot  was
used  to  determined  the  expression  of  protein.  As  shown  in
Fig. 3, LPS stimulated the expression of gene and protein of
iNOS  and  COX-2.  50  to  150  μg·mL–1 mangiferin  treatment
suppressed  the  LPS-induced  mRNA  and  protein  levels  in  a
dose-dependent manner. These results suggest that mangifer-
in suppresses the production of NO by inhibiting mRNA and
protein expression of iNOS.
Mangiferin inhibited cytokine secretion induced by LPS

Previous reports  have  shown that  LPS increases  the  ex-
pression  of  inflammatory  cytokines.  To  examine  whether
mangiferin  effects  the  production  of  cytokines  in  BV2 cells
induced by LPS, ELISA assay was used to assess the protein
levels. As shown in Fig. 4, mangiferin suppressed the expres-
sion of IL-1β, IL-6, and TNF-α, stimulated the secretion of IL-
10. These  results  suggest  that  mangiferin  modulate  the  in-
flammatory response  by  regulating  the  production  of  cy-
tokines in LPS-induced BV2 cells.
Effect of mangiferin on the activation of NF-κB

NF-κB is  a  transcription  factor  which  plays  an  note-
worthy role in the inflammatory response. Thus, the effect of
mangiferin on activation of NF-κB was measured by immun-
ofluorescent  staining  and  western  blot  assay.  As  shown  in
Fig.  5A,  the  result  observed  by  immunofluorescent  staining
showed that the LPS stimulation induced the translocation of
NF-κB  p65  from  the  cytosol  to  the  nucleus  significantly,
whereas 150 μg·mL–1 mangiferin treatment noticeably inhib-
ited  the  nuclear  translocation  of  NF-κB  p65.  Similar  results
were observed by western blot assay (Fig. 5B).
Effect of mangiferin on the activation of inflammasome

The activation  of  NLRP3  inflammasome  is  a  key  con-
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Fig. 1    Effect of mangiferin on the survival rate of BV2 cells and NO production. BV2 microglial cells were pretreated by 50 to
150 μg·mL–1 mangiferin for 2 h, and then stimulated by 0.5 μg·mL–1 LPS for 24 h. (A) The viability of BV2 cells were determined
by MTT assay. (B) The production of NO was detected by Griess assay. ***P < 0.001 vs control, #P < 0.05, ##P < 0.01, ###P < 0.001 vs
LPS only group
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tributor to the development of neuroinflammation. To exam-
ine whether  mangiferin  affects  the  activation  of  NLRP3  in-
flammasome  induced  by  LPS  in  BV2 cells,  the  levels  of
NLRP3, ASC, and Caspase-1 p20 protein were determined by
western  blot.  As  shown  in Fig.  6,  the  results  indicated  that
mangferin reduced  the  expression  of  NLRP3,  ASC and  ma-
ture caspase-1 protein in LPS-activated BV2 cells.

Discussion

Inflammation is  closely  related  to  a  variety  of  neurode-
generative diseases. Nerve microglia are often used as an im-
portant  cellular  model  for  studying  neuritis.  This  study  used
LPS  to  induce  a  model  of  microglia  BV2  inflammation [23].
Microglia  have  different  polarization  patterns.  Studies  have
shown that  after  stimulation of macrophages by factors such
as  LPS and IFN-γ,  cells  exhibit  a  stronger  pro-inflammation

polarization pattern. This study showed that the expression of
CD16/32  was  significantly  increased  after  24  hours  of  LPS
stimulation.  After  treatment  with  different  concentrations  of
mangiferin, CD16/32 showed a downward trend in a concen-
tration-dependent  manner.  Therefore,  mangiferin  inhibits
LPS-stimulated BV2 cell polarization, and triggers the polar-
ization of inflammatory toward anti-inflammatory.

Studies  have  shown  that  LPS  binds  to  receptors  on  the
cell surface  followed  by  activating  the  transmembrane  sig-
nals, which leads to the phosphorylation of IKB in the cyto-
plasm and releasing NF-κB. Activated NF-κB enters into the
nucleus  and  promotes  the  expression  of  downstream  gen-
es [24]. Studies have shown that IL-1β, TNF-α, iNOS and oth-
er  protein  expression  levels  are  significantly  up-regulated
after LPS stimulation [25-26].  The results  of this study showed
that  LPS  treatment  of  BV2  cells  for  24  h,  the  cell  survival
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rate was reduced, NO production and inflammatory cytokine
expression  were  significantly  up-regulated.  Mangiferin  is  a

natural  polyphenolic  compound  with  various  physiological
activities [27-30].  Previous  studies  have  shown that  mangiferin
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can inhibit the expression of iNOS and COX-2 in BV2 cells
induced  by  LPS,  but  the  mechanism  is  unclear.  Cells  were
pretreated  with  different  concentrations  of  mangiferin.  The
results  showed  that  mangiferin  inhibited  LPS-induced  NO
and inflammatory cytokine production in a concentration-de-

pendent  manner,  probably  because  mangiferin  significantly
inhibited NF-κB activation.

Other  studies  have  shown  that  LPS-activated  NF-κB
stimulates the expression of NLRP3 [31-32]. The active NLRP3
cleaves  Caspase-1  into  an  active  form  of  Caspase  p20  by
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Fig. 5    Effect of mangiferin on NF-κB activation. BV2 microglial cells were pretreated by 50 to 150 μg·mL–1 mangiferin for 2 h,
and  then  stimulated  by  0.5  μg·mL–1 LPS  for  24  h.  (A)  Cells  were  stained  with  anti-NF-κB  (Red)  antibody,  and  nuclear  was
stained with Hoechst 33342 (Blue). Fluorescence was visualized by a fluorescence microscope (40 ×). The images shown are rep-
resentative of three independent experiments. (B) NF-κB protein in cytosol and nucleus were determined by Western blot. Quant-
itation was performed on three independent experiments and presented as the means ± SD. For NF-κB protein in cytosol, the ex-
pression  of  NF-κB in  LPS only  group was  compared with  which expressed in  control.  The  expression  of  NF-κB in  mangiferin
treatment group was compared with which in LPS only group. The NF-κB protein data in nucleus statistics used the same meth-
od. ***P < 0.001 vs control; ##P < 0.01, ###P < 0.001 vs  LPS only group
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binding  to  ASC.  The  activated  inflammasome  promotes  the
transduction of  inflammatory  signals.  In  this  study,  the  ex-
pression of NLRP3, ASC, and caspase p20 protein were sig-
nificantly up-regulated by LPS treatment of BV2 cells for 24
h. With pretreatment by different concentrations of mangifer-
in,  the expression of  NLRP3,  ASC, and caspase p20 protein
were significantly reduced.

In  summary,  this  study  explored  the  anti-inflammatory
mechanism  of  mangiferin  in  microglial.  The  results  showed
that mangiferin  inhibited  LPS-induced  inflammation  by  in-
hibiting NF-κB and NLRP3 inflammasome.

References
 Chen WW, Zhang X, Huang WJ. Role of neuroinflammation in
neurodegenerative  diseases  (Review) [J]. Mol  Med  Rep,  2016,
13(4): 3391-3396.

[1]

 Takada LT. Innate immunity and inflammation in Alzheimer’s
disease pathogenesis [J]. Arq Neuropsiquiatr, 2017, 75(9): 607-
608.

[2]

 Jeitner  TM,  Kalogiannis  M,  Krasnikov  BF, et  al. Linking  in-
flammation and  Parkinson  disease:  Hypochlorous  acid  gener-
ates Parkinsonian poisons [J]. Toxicol Sci, 2016, 153(2): 410.

[3]

 Stephenson J, Nutma E, van der Valk P, et al. Inflammation in
CNS  neurodegenerative  diseases [J]. Immunology,  2018,
154(2): 204-219.

[4]

 Tremblay MÈ, Stevens B, Sierra A, et al. The role of microglia
in  the  healthy  brain [J]. J  Neurosci,  2011, 31(45):  16064-
16069.

[5]

 Nimmerjahn  A,  Kirchhoff  F,  Helmchen  F.  Resting  microglial
cells  are  highly  dynamic  surveillants  of  brain  parenchyma in
vivo [J]. Science, 2005, 308(5726): 1314-1318.

[6]

 González H, Elgueta D, Montoya A, et al. Neuroimmune regu-
lation of microglial activity involved in neuroinflammation and
neurodegenerative  diseases [J]. J  Neuroimmunol,  2014, 274(1-
2): 1-13.

[7]

 Chen Z, Trapp BD. Microglia and neuroprotection [J]. J Neuro-
chem, 2016, 136(Suppl 1): 10-17.

[8]

 Condello C, Yuan P, Grutzendler J. Microglia-mediated neuro-
protection, TREM2,  and  alzheimer’s  disease:  Evidence  from
optical imaging [J]. Biol Psychiatry, 2018, 83(4): 377-387.

[9]

 Tang Y, Le WD. Differential roles of M1 and M2 microglia in[10]

neurodegenerative  diseases [J]. Mol  Neurobiol,  2016, 53(2):
1181-1194.
 Yang  XD,  Xu  SQ,  Qian  YW.  Resveratrol  regulates  microglia
M1/M2 polarization via PGC-1α in conditions of neuroinflam-
matory injury [J]. Brain Behav Immun, 2017, 64: 162-172.

[11]

 Wen XJ, Xiao LJ, Zhong ZY, et al. Astaxanthin acts via LRP-1
to  inhibit  inflammation  and  reverse  lipopolysaccharide-in-
duced  M1/M2  polarization  of  microglial  cells [J]. Oncotarget,
2017, 8(41): 69370-69385.

[12]

 Lee  S,  Kim  DC,  Baek  HY, et  al. Anti-neuroinflammatory  ef-
fects of tryptanthrin from Polygonum tinctorium Lour. in lipo-
polysaccharide-stimulated  BV2  microglial  cells [J]. Arch
Pharm Res, 2018, 41(4): 419-430.

[13]

 Shi  H,  Wang XL,  Quan HF, et  al.  Effects  of  betaine  on  LPS-
stimulated activation of microglial M1/M2 phenotypes by sup-
pressing  TLR4/NF-κB  pathways  in  N9  cells [J]. Molecules,
2019, 24(2): 1-14.

[14]

 Liu  FY,  Cai  J,  Wang  C, et  al. Fluoxetine  attenuates  neuroin-
flammation in  early  brain  injury  after  subarachnoid  hemor-
rhage:  a  possible  role  for  the  regulation  of  TLR4/MyD88/NF-
κB  signaling  pathway [J]. J  Neuroinflammation,  2018, 15(1):
347.

[15]

 Cho KH, Kim DC, Yoon CS, et al. Anti-neuroinflammatory ef-
fects of citreohybridonol involving TLR4-MyD88-mediated in-
hibition of NF-кB and MAPK signaling pathways in lipopoly-
saccharide-stimulated BV2 cells [J]. Neurochem Int,  2016, 95:
55-62.

[16]

 Liu  Q,  Zhang  YL,  Liu  S, et  al. Cathepsin  C  promotes  mi-
croglia  M1 polarization and aggravates neuroinflammation via
activation  of  Ca2+-dependent  PKC/p38MAPK/NF-κB
pathway [J]. J Neuroinflammation, 2019, 16(1): 10.

[17]

 Yang SJ, Shao GF, Chen JL, et al. The NLRP3 inflammasome:
An  important  driver  of  neuroinflammation  in  hemorrhagic
stroke [J]. Cell Mol Neurobiol, 2018, 38(3): 595-603.

[18]

 Lippai  D,  Bala  S,  Petrasek  J, et  al.  Alcohol-induced  IL-1β in
the brain  is  mediated  by  NLRP3/ASC  inflammasome  activa-
tion that amplifies neuroinflammation [J]. J Leukoc Biol, 2013,
94(1): 171-182.

[19]

 Slowik A, Lammerding L, Zendedel A, et al. Impact of steroid
hormones E2 and P on the NLRP3/ASC/Casp1 axis in primary
mouse  astroglia  and  BV-2  cells  after in  vitro hypoxia [J]. J
Steroid Biochem Mol Biol, 2018, 183: 18-26.

[20]

 Jyotshna, Khare P, Shanker K. Mangiferin: A review of sources
and interventions for biological activities [J]. Biofactors,  2016,

[21]

 

NLRP3

ASC

β-actin

Mangiferin (μg·mL−1)

LPS (0.5 μg·mL−1)

Caspase-1 p20

0

200

100

300

400

LPS (0.5 μg·mL−1)

Mangiferin (μg·mL−1)

_
+ ++

_ _

+

R
el

at
iv

e 
p
ro

te
in

 e
x
p
re

ss
io

n
 (

%
)

1 2 4 53

15050 100

−
−

−
+ + + +

50 100 150
NLRP3

ASC

Caspase-1 p20
***

##

###

###

**

##
##

***

##
###

 
Fig. 6    Effect of mangiferin on NLRP3 inflammasome (means ± SD, n = 3). BV2 microglial cells were pretreated by 50 to 150
μg·mL–1 mangiferin for 2 h, and then stimulated by 0.5 μg·mL–1 LPS for 24 h. Expression of NLRP3, ASC and active caspase-1
was detected by Western blot. The expression of NLRP3, ASC and active caspase-1 in LPS only group was compared with which
expressed in control, respectively. The expression of NLRP3, ASC and active caspase-1 in mangiferin treatment group was com-
pared with which in LPS only group, respectively. **P < 0.01, ***P < 0.001 vs control;  ##P < 0.01, ###P < 0.001 vs  LPS only group
 

LEI Li-Yan, et al. / Chin J Nat Med, 2021, 19(2): 112-119

– 118 –

https://doi.org/10.3892/mmr.2016.4948
https://doi.org/10.1590/0004-282x20170126
https://doi.org/10.1093/toxsci/kfw149
https://doi.org/10.1111/imm.12922
https://doi.org/10.1523/JNEUROSCI.4158-11.2011
https://doi.org/10.1126/science.1110647
https://doi.org/10.1016/j.jneuroim.2014.07.012
https://doi.org/10.1016/j.biopsych.2017.10.007
https://doi.org/10.1007/s12035-014-9070-5
https://doi.org/10.1016/j.bbi.2017.03.003
https://doi.org/10.18632/oncotarget.20628
https://doi.org/10.1007/s12272-018-1020-8
https://doi.org/10.1007/s12272-018-1020-8
https://doi.org/10.1186/s12974-018-1388-x
https://doi.org/10.1016/j.neuint.2015.12.010
https://doi.org/10.1186/s12974-019-1398-3
https://doi.org/10.1007/s10571-017-0526-9
https://doi.org/10.1189/jlb.1212659
https://doi.org/10.1016/j.jsbmb.2018.05.003
https://doi.org/10.1016/j.jsbmb.2018.05.003
https://doi.org/10.1002/biof.1308
https://doi.org/10.3892/mmr.2016.4948
https://doi.org/10.1590/0004-282x20170126
https://doi.org/10.1093/toxsci/kfw149
https://doi.org/10.1111/imm.12922
https://doi.org/10.1523/JNEUROSCI.4158-11.2011
https://doi.org/10.1126/science.1110647
https://doi.org/10.1016/j.jneuroim.2014.07.012
https://doi.org/10.1016/j.biopsych.2017.10.007
https://doi.org/10.1007/s12035-014-9070-5
https://doi.org/10.1016/j.bbi.2017.03.003
https://doi.org/10.18632/oncotarget.20628
https://doi.org/10.1007/s12272-018-1020-8
https://doi.org/10.1007/s12272-018-1020-8
https://doi.org/10.1186/s12974-018-1388-x
https://doi.org/10.1016/j.neuint.2015.12.010
https://doi.org/10.1186/s12974-019-1398-3
https://doi.org/10.1007/s10571-017-0526-9
https://doi.org/10.1189/jlb.1212659
https://doi.org/10.1016/j.jsbmb.2018.05.003
https://doi.org/10.1016/j.jsbmb.2018.05.003
https://doi.org/10.1002/biof.1308


42(5): 504-514.
 Bhatia HS, Candelario-Jalil E, de Oliveira AC, et al. Mangifer-
in  inhibits  cyclooxygenase-2  expression  and  prostaglandin  E2
production  in  activated  rat  microglial  cells [J]. Arch  Biochem
Biophys, 2008, 477(2): 253-258.

[22]

 Han QH, Yuan QH, Meng XH, et al. 6-Shogaol attenuates LPS-
induced  inflammation  in  BV2  microglia  cells  by  activating
PPAR-γ [J]. Oncotarget, 2017, 8(26): 42001-42006.

[23]

 Subedi L,  Baek  SH,  Kim  SY.  Genetically  engineered  res-
veratrol-enriched rice  inhibits  neuroinflammation  in  lipopoly-
saccharide-activated  BV2  microglia via downregulating mito-
gen-activated  protein  kinase-nuclear  factor  Kappa  B  signaling
pathway [J]. Oxid Med Cell Longev, 2018, 2018: 8092713.

[24]

 Cai B, Seong KJ, Bae SW, et al. A synthetic diosgenin primary
amine  derivative  attenuates  LPS-stimulated  inflammation via
inhibition  of  NF-κB  and  JNK  MAPK  signaling  in  microglial
BV2 cells [J]. Int Immunopharmacol, 2018, 61: 204-214.

[25]

 Kim N,  Do  J,  Bae  JS, et  al. Piperlongumine  inhibits  neuroin-
flammation via regulating  NF-κB signaling  pathways  in  lipo-
polysaccharide-stimulated  BV2  microglia  cells [J]. J  Phar-
macol Sci, 2018, 137(2): 195-201.

[26]

 Suchal K, Malik S, Gamad N, et al. Mangiferin protect myocar-[27]

dial insults through modulation of MAPK/TGF-β pathways [J].
Eur J Pharmacol, 2016, 776: 34-43.
 Pan LL, Wang AY, Huang YQ, et al. Mangiferin induces apop-
tosis  by  regulating  Bcl-2  and  Bax  expression  in  the  CNE2
nasopharyngeal  carcinoma  cell  line [J]. Asian  Pac  J  Cancer
Prev, 2014, 15(17): 7065-7068.

[28]

 Sellamuthu  PS1,  Arulselvan  P,  Kamalraj  S, et  al.  Protective
nature of mangiferin on oxidative stress and antioxidant status
in  tissues  of  streptozotocin-induced  diabetic  rats [J]. ISRN
Pharmacol, 2013, 2013: 750109.

[29]

 Wang YL, Liu Y, Cao QQ, et al. Metabolomic analysis for the
protective  effects  of  mangiferin  on  sepsis-induced  lung  injury
in mice [J]. Biomed Chromatogr, 2018, 32(6): e4208.

[30]

 Niu XF, Yao Q, Li WF, et al. Harmine mitigates LPS-induced
acute  kidney  injury  through  inhibition  of  the  TLR4-NF-
κB/NLRP3 inflammasome signalling pathway in mice [J]. Eur
J Pharmacol, 2019, 849: 160-169.

[31]

 Zhang L, Previn R, Lu L, et al. Crocin, a natural product atten-
uates  lipopolysaccharide-induced  anxiety  and  depressive-like
behaviors  through  suppressing  NF-κB  and  NLRP3  signaling
pathway [J]. Brain Res Bull, 2018, 142: 352-359.

[32]

Cite this article as: LEI Li-Yan, WANG Rui-Cheng, PAN Ya-Lei, YUE Zheng-Gang, ZHOU Rui, XIE Pei, TANG Zhi-Shu.
Mangiferin  inhibited  neuroinflammation  through  regulating  microglial  polarization  and  suppressing  NF-κB,  NLRP3
pathway [J]. Chin J Nat Med, 2021, 19(2): 112-119.

LEI Li-Yan, et al. / Chin J Nat Med, 2021, 19(2): 112-119

– 119 –

https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.18632/oncotarget.16719
https://doi.org/10.1016/j.intimp.2018.05.021
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.ejphar.2016.02.055
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.1002/bmc.4208
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.brainresbull.2018.08.021
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.18632/oncotarget.16719
https://doi.org/10.1016/j.intimp.2018.05.021
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.ejphar.2016.02.055
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.1002/bmc.4208
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.brainresbull.2018.08.021
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.18632/oncotarget.16719
https://doi.org/10.1016/j.intimp.2018.05.021
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.1016/j.abb.2008.06.017
https://doi.org/10.18632/oncotarget.16719
https://doi.org/10.1016/j.intimp.2018.05.021
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.jphs.2018.06.004
https://doi.org/10.1016/j.ejphar.2016.02.055
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.1002/bmc.4208
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.brainresbull.2018.08.021
https://doi.org/10.1016/j.ejphar.2016.02.055
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.7314/APJCP.2014.15.17.7065
https://doi.org/10.1002/bmc.4208
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.ejphar.2019.01.062
https://doi.org/10.1016/j.brainresbull.2018.08.021

