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A B S T R A C T   

Chronic inflammation is crucial for the pathological process of tumors due to increasing the infiltration of cy-
tokines, growth factors, and chemokines to the tumor microenvironment. Phenolic compounds are considered 
natural remedies for inflammation and cancer. Mangiferin is a C-glycosyl xanthone that possesses numerous 
pharmacological activities. It has the potential to attenuate inflammation in different organs through the 
mechanisms of inhibiting pattern recognition receptors, regulating cell signaling pathways, activating auto-
phagy, inhibiting the secretion of inflammatory mediators, and protecting intestinal barrier integrity, which in 
turn prevents cancer. In this review, the recent advances in the anti-inflammation and anti-cancer mechanisms of 
mangiferin as well as its safety and toxicity were summarized. The impacts of modified mangiferin and the 
synergic effects with other components were also discussed. Understanding the molecular targets of mangiferin is 
of great significance for its better application in the amelioration of inflammation-related diseases.   

1. Introduction 

Mangiferin (1,3,6,7-tetrahydroxyxanthone-C2-β-d glucoside, Fig. 1) 
exists in various higher plants such as Anemarrhena asphodeloides (Ji 
et al., 2017), Mangifera indica L (Barreto et al., 2008), Rhizoma Ane-
marrhenae (Shan et al., 2017), Swertia species (Pandey et al., 2012), and 
Coffea species (Chen 2019). In vivo animal researches and in vitro cell 
culture studies have shown that mangiferin has various potential health 
benefits, including anti-cancer (Deng et al., 2018), anti-inflammatory 
(Saha et al., 2016), antioxidant (Lim et al., 2019), antivirus (Rechen-
choski et al., 2020), immunomodulatory (Garrido-Suárez et al., 2020), 
and neuroprotective activities (Wang et al., 2017a). Traditional Chinese 
medicines that contain mangiferin as the major bioactive have been used 
for disease treatment, such as non-alcoholic fatty liver, hyperuricemia, 
and diabetes (Jyotshna et al., 2016). There has been growing interest in 
the therapeutic activities, especially anti-inflammatory effects of 
bioactive constituents over recent years (Wang et al., 2018a), among 
which, mangiferin is one of the important candidates to ameliorate 
inflammation. 

Inflammation is a pathogenesis process that involves the activation 
of nuclear factor κB (NF-κB) signaling pathways, upregulation of 
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS) 

(Liang et al., 2020) and pro-inflammatory cytokines, including tumor 
necrosis factor-alpha (TNF-α), interleukin (IL)-6, IL-8, IL-1β, chemokines 
CCL2 and CXCL8 (Wang et al., 2017b). Chronic inflammation is closely 
related to most human diseases (Medzhitov 2008), for example, 
atherosclerosis, cardiovascular diseases (CVD), diabetes mellitus (DM), 
osteoarthritis, and inflammatory bowel disease (IBD), etc. IBD patients 
are generally characterized by intestinal barrier dysfunction. The in-
testinal epithelium functions as a defensive barrier to prevent the pas-
sage of toxins and pathogens as well as selectively absorbs nutrients 
through the tight junctions (Allaire et al., 2018). Intestinal inflammation 
causes leaky gut, thereby resulting in the increased permeability of 
macromolecules, pathogens, and exotoxins, which can further cause 
colon cancer. 

Inflammation plays a key role in the proliferation, invasion, and 
metastasis of cancer cells. The accumulation of chronic inflammation 
can lead to cancer in target organs and different tissues through multiple 
pathways (Greten and Grivennikov 2019). Various cytokines produced 
by the inflammatory response process affect cancer cells proliferation 
and invasion and mediate the formation of cancers (Table 1). The main 
mechanisms of inflammatory cancer involve inflammatory cells, in-
flammatory factors, NF-κB pathway, and so on. Moreover, microRNA, 
oncoproteins, membrane proteins, tumor microenvironment, and in-
testinal microorganisms also influences cancer developing (Fernández 
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et al., 2018; Lee et al., 2018; Chan and Tay 2018). Based on these 
connection, the diagnostic reagents for cancer markers can be developed 
for drug therapy or inflammation control, thus blocking the production 
of inflammatory factors, and inhibiting the occurrence and metastasis of 
cancer. 

Various researches have proven the anti-inflammatory capacity of 
mangiferin, however, the exact mechanisms are unknown. Studies found 
that it is related to the ability of mangiferin in regulating three signaling 
pathways, namely NF-κB, mitogen-activated protein kinase (MAPK), 
and Janus kinase-signal transduction and transcription activator (JAK/ 
STAT) signaling pathways (Dou et al., 2014; Mazzoni et al., 2019). 
Mangiferin also regulates various signal transduction mediators, 
including transcription factors, cyclins, growth factors, kinases, cyto-
kines, chemokines, and adhesion molecules (Siswanto et al., 2016) and 
inhibits reactive oxygen species (ROS) production in various organs, 

including heart, kidneys, liver, and lungs. Mangiferin also has the po-
tential to ameliorate cancer. For example, mangiferin is a potential 
candidate for ovarian cancer evidenced by the inhibition of OVCAR8 
cells metastasis by regulating Yes-associated protein (He et al., 2019). In 
addition, mangiferin suppressed the metastasis of epithelial ovarian 
cancer via down-regulating matrix metalloproteinase 2 (MMP2) and 
matrix metalloproteinase 9 (MMP9) (Zeng et al., 2020). 

Abbreviation 

AIMs melanoma-like receptors 
AMPK AMP-activated protein kinas 
APAP acetaminophen 
ASC apoptotic speck-containing protein 
Bax Bcl-2-associated X protein 
Bcl-2 B-cell lymphoma 2 
BMVECs brain microvascular endothelial cells 
CAT catalase 
CFA complete freund’s adjuvant 
CINC1 chemoattractant 1 
PKA protein kinase A 
COX-2 cyclooxygenase-2 
CVD cardiovascular diseases 
DAMPs danger-associated molecular patterns 
DM diabetes mellitus 
DSS dextran sulfate sodium 
ECM extracellular matrix 
EGF epidermal growth factor 
EMT epithelial-mesenchymal transition 
EPO erythropoietin 
GF growth factor 
GM-CSF granulocyte-macrophage colony stimulating factor 
GSH glutathione 
HO-1 heme oxygenase-1 
IBD inflammatory bowel disease 
IGF-I insulin-like growth factor I 
IKK IκB kinase 
IL interleukin 
INF-γ interferon-γ 
iNOS inducible nitric oxide synthase 

IRAK1 interleukin-1 receptor-associated kinase 1 
JAK/STAT janus kinase-signal transduction and transcription 

activator 
LPS lipopolysaccharide 
MAPK mitogen-activated protein kinase 
MDA malondialdehyde 
MIF migration inhibitory factor 
MMP matrix metalloproteinase 
mTOR mammalian target of rapamycin 
NF-κB nuclear factor κB 
NLRP3 NOD-like receptor family, pyrin domain containing 3 
NO nitric oxide 
NLRs NOD-like receptors 
Nrf2 nuclear factor-erythroid 2 
OSM oncostatin M 
PAMPs pathogen-associated molecular patterns 
p-JNK phosphorylated-c-Jun N-terminal kinase 
PPAR-γ peroxisome proliferator-activated receptor gamma 
PRRs pattern recognition receptors 
RLHs retinoic acid-inducible gene like helicase receptors 
ROS reactive oxygen species 
SOD superoxide dismutase 
TAMs tumor-associated macrophages 
TBHP tert-butyl hydroperoxide 
TGF-β transforming growth factor-β 
TLRs toll-like receptors 
TME tumor microenvironment 
TNBS trinitrobenzenesulfonic acid 
TNF-α tumor necrosis factor-α 
TXNIP thioredoxin-interacting protein 
ZO zodula occludens 
IgE immunoglobulin E  

Fig. 1. The structure of mangiferin.  

Table 1 
Chronic inflammation and cancer.  

Types of 
inflammation 

Types of 
cancer 

Cancer-associated 
cytokines 

Reference 

Colitis Colon 
cancer 

IL-6, IL-12, IL-17, MIF, 
TNF-α, 
inflammasomes 

(Ullman and 
Itzkowitz 2011; Son 
et al., 2019) 

Gastritis Gastric 
cancer 

TNF, IL-10, IL-1β, NF- 
kB 

Bockerstett and 
DiPaolo (2017) 

Pneumonia Lung cancer TGF-β, TNF-α, IL-1 Kinoshita and Goto 
(2019) 

Mastitis Breast 
cancer 

IL-33 Yigitbasi et al. 
(2017) 

Pancreatitis Pancreatic 
cancer 

IL-18, IL-15, IL-10, 
TGF-β 

(Li et al., 2019d;  
Aroldi and Zaniboni 
2017) 

Hepatitis Liver cancer TNF-α, IL-6, JNK, NF- 
κB 

Yang et al. (2019) 

Pelvic 
inflammatory 
disease 

Ovarian 
cancer 

IL-6, IL-12, IL-10, IFN- 
γ; TNF-α 

Krishnan et al. 
(2017) 

Prostatitis Prostate 
cancer 

MIF, TNF-α, NF-κB Sfanos et al. (2018)  
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In this review, recent progress of mangiferin on molecular mecha-
nisms of anti-cancer and anti-inflammation, and the intestinal barrier 
protecting capacity in the cell culture, animal and clinical studies were 
summarized. Understanding the anti-inflammatory effects and molecu-
lar targets of mangiferin will provide useful information for preventing 
many chronic diseases and cancers. Moreover, the anti-inflammatory 
and anti-cancer activities of modified mangiferin and the synergic ef-
fects of mangiferin with other components as well as the safety of 
mangiferin are also discussed herein to assess its potential application in 
the food, nutraceutical, and pharmaceutical industries. 

2. Anti-inflammatory effects of mangiferin 

A large number of studies have reported that mangiferin can 
ameliorate intestinal, respiratory, arthritis, gynecological, cardiovascu-
lar, liver, and kidney inflammation. However, these researches are 
mainly in vitro (cell culture) or animal studies. To our best knowledge, 
no clinical study was found to work on the anti-inflammatory activities 
of pure mangiferin. Here we summarized the anti-inflammatory effects 
of mangiferin in the aspects of the cell (Table 2) and animal studies 
(Table 3). Furthermore, the synergistic anti-inflammatory effect of 
mangiferin with other compounds and the anti-inflammatory capacity of 
modified mangiferin was also discussed herein (Table 4). 

2.1. Cell-based anti-inflammatory studies of mangiferin 

Various animal cell lines including macrophages, chondrocytes, ad-
ipocytes, and endothelial cells have been used to study the anti- 
inflammatory effects of mangiferin. Table 2 summarizes the anti- 
inflammatory actions and potential molecular mechanisms of man-
giferin in different cell lines in the last five years. Lipopolysaccharide 
(LPS), tert-butyl hydroperoxide (TBHP), TNF-α, interferon-γ (INF-γ), 
and IL-1β are the common inducers that are used to establish in vitro 
inflammatory cell models. For different cell lines, the concentration of 

mangiferin treatment varied from 0.1 to 200 μM or 10–100 μg/mL (Li 
et al., 2019a; Zhang and Yue 2017) and the anti-inflammatory effects 
were also different. Mangiferin reduced nitric oxide (NO), TNF-α, IL-1β, 
IL-6, and IL-8 (Wei et al., 2016); inhibited iNOS, COX-2, MMP1, and 
MMP3 (Qu et al., 2016a; Zhao et al., 2017a); up-regulated anti-apoptotic 
protein and B-cell lymphoma 2 (Bcl-2) while down-regulated pro-apo-
ptotic proteins (Li et al., 2019a); inhibited toll-like receptor 2 (TLR2) 
and TLR4 overexpression; and regulated NF-κB, MAPK and other 
signaling pathways (Li et al., 2016a). In addition, mangiferin is a good 
antioxidant for reduction of ROS (Bulugonda et al., 2017). 

2.2. Animal-based anti-inflammatory studies of mangiferin 

Table 3 summarizes the recent animal studies related to the anti- 
inflammatory effect of mangiferin. The mice and rat were treated with 
chemicals such as dextran sulfate sodium (DSS) and trini-
trobenzenesulfonic acid (TNBS) to establish different animal models of 
inflammation and then the animals are administrated with mangiferin 
through oral, intraperitoneal injection, gavage, etc. Somani et al. (2016) 
showed that mangiferin suppressed the activity of MMP-9 and TNF-α 
thus ameliorated the inflammation in DSS-induced colitis. Szandruk 
et al. (2018) found that mangiferin decreased superoxide dismutase 
(SOD) activity and the levels of TNF-α, IL-17, and malondialdehyde 
(MDA) in colitis rats induced by the TNBS. In these researches, the 
dosage of mangiferin varied from 5 to 400 mg/kg, and the treatment 
time also varied (Qu et al., 2016b; Somani et al., 2016; Tsubaki et al., 
2015). In addition, mangiferin also possessed potentially beneficial ef-
fects on diabetes, liver injury, cardiovascular injury, and other 
inflammation-related diseases in animal models through its 
anti-inflammatory effect (Pan et al., 2016; Hou et al., 2016; Jiang et al., 
2018). 

Table 2 
Anti-inflammatory effect of mangiferin based on in vitro cell culture studies.  

Cell models Mangiferin 
concentrations 

Anti-inflammatory molecular mechanism References 

TNF-α-induced RAW264.7 cells 100 μM Reduced the levels of IL-1β, IL-6, and iNOS; suppressed the production of 
inflammation- and oxidative stress-associated molecules 

Zhao et al. 
(2017a) 

LPS-stimulated RAW 264.7 40 μM Reduced COX-2, iNOS, TNF-α and ROS; inhibited NF-kB translocation; inactivated 
NLRP3 inflammasome complex and its downstream signalling molecules 

Bulugonda et al. 
(2017) 

LPS/IFN-γ induced THP-1 cell and 
Macrophages 

12.5, 25, 50, 100 and 
200 μM 

Decreased TNF-α, IL-1β, IL-6, IL-8 and interferon regulatory factor 5 (IRF5) 
expression 

Wei et al. (2016) 

TBHP-induced primary mouse chondrocyte 5, 10, 50, 100, and 200 
μM 

Inhibited the expression of proapoptotic proteins and the production of matrix- 
degrading enzyme; increased the expression of antiapoptotic Bcl-2; enhanced 
autophagy via the activation of AMPK signaling pathway 

Li et al. (2019a) 

LPS-induced human oral epithelial cells 
(OKF6/TERT-2) 

10, 20, and 40 μM Inhibited TLR2, TLR4 over expression and phosphorylation of NF-kB, p38, MAPK and 
JNK; decreased production of IL-6 in OKF6 cells through inhibiting TLR signaling 

Li et al. (2016a) 

IL-1β-stimulated human osteoarthritis 
chondrocytes 

5, 10, 20 and 25 μM Inhibited PGE2, NO, MMP1, MMP3, and NF-kB activation; up-regulated the 
expression of PPAR-γ; inhibited inflammatory response 

Qu et al. (2016a) 

Hypoxia induced 3T3-L1 preadipocytes 0.1, 1, and 10 μM Inhibited the expression of HIF-1α; reduce the expression of inflammatory cytokines; 
improved the damaged insulin signaling pathway 

Yang et al. 
(2017) 

CdCl2-induced human renal glomerulus 
endothelial cells 

75 μM Reduced IL-6, IL-8; inhibited the MAPK and NF-kB pathways Rajendran et al. 
(2016) 

LPS-iduced ATDC5 cells 0.1, 1, 5, 10, 15 and 20 
μM 

Inhibited miR-181a remarkably; suppressed NF-κB pathway as well as activated 
PI3K/AKT pathway 

Ma et al. (2020) 

Helicobacter Pylori-induced Human gastric 
adenocarcinoma AGS cells 

10, 20, 50 and 100 μg/ 
mL 

Inhibited NF-κB subunited p65, IL-1β, IL-8, and TNF-α; down-regulated the protein 
expression of COX-2 and iNOS; suppressed the adhesion and invasion process; 
inactivated NF-p65, thus inhibiting inflammation 

Zhang and Yue 
(2017) 

Cisplatin-induced The normal kidney 
epithelial (NKE) cell line 

2, 5, 10, 15, 20, 25, 30, 
40, and 50 μM 

Prevented the nuclear translocation of NF-κB; attenuated TNF-α, IL-1β, IL-10 and IL- 
6; altered Bax/Bcl-2 ratio; down-regulated the JNK and p38MAPK mediated pro- 
apoptotic cascade. Activated the PI3K/Akt pathway 

Sadhukhan et al. 
(2018) 

Dexamethasone (Dex) induced The MC3T3- 
E1 murine preosteoblastic calvarial cell 

10, 20, 30, 40 and 60 μM Improved cell viability; decreased apoptosis, ROS, TNF-α, IL-6 and M-CSF. Inhibited 
BMP2/Smad-1 signaling-induced apoptosis and oxidative stress 

Ding et al. 
(2018) 

High glucose induced endoplasmic 
reticulum (ER) stress in EA.hy926 cells 

0.1, 1, 10 μM Reduced IL-1β and IL-6 production; Inhibited the activation of TXNIP/NLRP3 
inflammasome associated ER stress 

Song et al. 
(2015)  
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2.3. Synergistic anti-inflammatory effects of mangiferin combined with 
other compounds 

In current clinical use, combination therapies have been commonly 
used to improve efficacy and minimize drug side effects. Mangiferin is a 
biologically active natural substance, which has a certain therapeutic 
effect on inflammatory diseases with little toxicity and side effects. 
Therefore, combining mangiferin with other bioactive components or 
drugs can achieve greater efficacy and maximum benefits. Mangiferin 
and gallic acid together inhibited NF-κB activation by inhibition of 
IKKα/β kinases (IKK, IκB kinase) in breast cancer cells, which led to the 
impairment of the cascade of NF-κB signaling pathway, including the 
prevention of IκB degradation, NF-κB translocation, and NF-κB/DNA 
binding (García-Rivera et al., 2011). Besides, mangiferin and NO in-
hibitors (L-arginine and L-NAME) modulated oxidative stress markers 
and cytokines in arthritis induced by complete Freund’s adjuvant (CFA) 
(Pal et al., 2019). 

2.4. Application of modified mangiferin on inflammatory inhibition 

Many natural small molecules are unstable and low solubility. To 
improve their bioavailability and bioactivity, these small molecules 
have been modified through nanoemulsion, nanoparticlization, gela-
tion, solid dispersions, or synthesizing analogs and derivatives. Several 
studies have reported the improved anti-inflammatory influence of 
modified mangiferin. Mao et al. (2019) developed a multipotent flap 
protective adhesive mangiferin-loaded liposomes (A-MF-Lip) and 
showed a positive effect on cell proliferation and angiogenesis. A-MF-Lip 
also reduced hypoxia-induced apoptosis and inflammation via regula-
tion of peroxisome proliferator-activated receptor-gamma 
(PPAR-γ)/NF-κB pathway. Furthermore, A-MF-Lip markedly attenuated 
necrosis rate and inflammation after random skin flap injection in the 
Sprague Dawley (SD) rats. Pleguezuelos-Villa et al. (2019) found that 
the edema and leucocyte infiltration and myeloperoxidase (MPO) ac-
tivity were attenuated when the Transcutol-P-inflamed skin mice were 
orally administered with mangiferin nanoemulsions, indicating thera-
peutic potential in the treatment of inflammatory skin diseases of 
mangiferin nanoemulsions. Acylated xanthone C-glucosides, such as 
6′-O-acetyl mangiferin, isolated from Iris rossii Baker ameliorated 
LPS-induced inflammation in RAW264.7 cell in associated with the 
down-regulation of iNOS and COX-2 by suppressing the NF-κB and 
MAPK signaling pathways (Jang et al., 2016). Jo et al. (2016) found that 
mangiferdiol, the γ-irradiation degradation products of mangiferin 
remarkably enhanced their inhibitory capacity against LPS-induced NO 
in RAW264.7 cells compared to the parent compound. Moreover, 
mangiferin can also be chemically modified to improve solubility, 
bioavailability, and thus bioactivity (Ma et al., 2014). Compared with 
chemical modification, nano-modification is a promising technique 
since it can increase the bioavailability of mangiferin without a change 
of the chemical structure. 

3. Anti-inflammatory molecular mechanisms of mangiferin 

Fig. 2 shows the anti-inflammatory molecular mechanisms of man-
giferin at different levels. The molecular targets of MFG related to the 
inflammation range from the receptors and transcription factors to cy-
tokines and autophagy. Moreover, the protection of intestinal barrier 
integrity also helps prevent inflammation, especially for IBD. 

3.1. Anti-inflammatory actions of mangiferin on pattern recognition 
receptors (PRRs) 

PRRs can recognize endogenous stress induced danger-associated 
molecular patterns (DAMPs) and external pathogens derived 
pathogen-associated molecular patterns (PAMPs) to activate related 
inflammatory signaling pathways, induce inflammatory responses, and 

facilitate cellular defense. Toll-like receptors (TLRs) and C-type lectin 
receptors (CLRs) are two types of PRRs that are expressed in the endo-
some membrane and respond to PAMPs (Takeuchi and Akira 2010). 
They stimulate the NF-κB pathway, thereby causing the synthesis of the 
components of the inflammasomes and the production of type 1 in-
terferons. Absent in melanoma-like receptors (AIMs), 
nucleotide-binding and oligomerization domain-like receptors (NOD--
like receptors, NLRs), and retinoic acid-inducible gene like helicase re-
ceptors (RLHs) are three types of PPRs that react with both DAMPs and 
PAMPs (Fawkner-Corbett et al., 2017). Inhibiting pyroptosis mediated 
by NLRs and AIM2 inflammasome could restore tight junction proteins, 
alleviate blood-brain barrier leakage, prevent brain edema, and inhibit 
the inflammation in injured brain microvascular endothelial cells 
(BMVECs) (Ge et al., 2018). Some researches showed that mangiferin 
has the potential to inhibit inflammation via regulating PRRs. Li et al. 
(2019b) found that mangiferin reduced TLR2 protein expression, 
inhibited NF-κB, p38 MAPK, and c-Jun N-terminal kinase (JNK) phos-
phorylation, and decreased expression of IL-6 gene and protein, thus 
alleviating peri-implantitis. In the pulmonary fibrosis mice model, 
mangiferin suppressed the activation of TLR4 and phosphorylation of 
p65, and then inhibited the secretion of inflammatory cytokine and 
reduced the inflammatory reaction (Jia et al., 2019). Li et al. (2019c) 
found that mangiferin attenuated inflammation through suppressing the 
expression of DAMP-associated genes, including IL-1β, Cas-1, PPAR-γ, 
p65 unit of NF-κB, and NLRP3 (NOD-like receptor family, pyrin domain 
containing 3) and the proteins such as CCL20, HSP90, HMGB1, and SYK 
in alcohol hepatitis rats. 

Inflammasomes, belonging to the NLR family, are multiprotein 
complexes that contain pro-Caspase-1 (proCASP1) and apoptotic speck- 
containing protein (ASC). They mediate host defense against microbial 
pathogens and homeostasis and are associated with the pathogenesis of 
inflammation-related diseases. Stimulation of inflammasomes activates 
CASP1, accelerates IL-1β and IL-18 maturation and secretion, and then 
induces a series of inflammatory responses. NLRP3 is one of the most 
investigated inflammasome. Inhibition of NLRP3 could reduce inflam-
matory reactions (Mangan et al., 2018). NLR and TLR4/NF-κB signaling 
pathways were coordinated through activating NLRP3-inflammasome 
and secreting pro-inflammatory cytokine mastitis induced by LPS (Sun 
et al., 2019). Mangiferin might attenuate brain damage via inhibiting 
NLRP3 inflammasome activation and simultaneously suppressing 
oxidative stress and proinflammatory cytokines in rats (Fan et al., 2017). 
Additionally, mangiferin ameliorated endothelial dysfunction by atten-
uating the expressions of thioredoxin-interacting protein (TXNIP) and 
NLRP3 and reducing IL-1β and IL-6 (Song et al., 2015). Pan et al. (2016) 
found that mangiferin suppressed the expression of hepatic NLRP3, ASC, 
CASP1, IL-1β, and TNF-α, and activated the Nrf2 pathway, thus pro-
tected against LPS or D-galactosamine induced liver injury. 

3.2. Anti-inflammatory actions of mangiferin on cellular signaling 
pathway 

JAK-STAT, MAPK, and NF-κB are three cellular signaling pathways 
that play pivotal roles in the regulation of cellular physiological as well 
as pathophysiological functions that include inflammatory responses. 
There are many signal transduction mediators such as the pro- 
inflammatory cytokines (TNF-α, IL-1, IL-6, granulocyte-macrophage 
colony-stimulating factor (GM-CSF), and oncostatin M (OSM), etc), the 
endocrine hormones (e.g. prolactin, insulin, leptin, erythropoietin 
(EPO)), growth factors (insulin-like growth factor I (IGF-I), growth 
factor (GF), and epidermal growth factor (EGF)), and porin (Germolec 
et al., 2018). After activation, these three signaling pathways showed 
synergy or antagonism in the cytoplasm and nucleus. 

The two-stage upstream kinases of the MAPK family members, MAPK 
family members, and their downstream kinases participate in the acti-
vation of IκB and NF-κB. Mangiferin inhibited phosphorylation of MAPK 
proteins in DSS-induced IBD and prevented the translocation of NF-κB 
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Table 3 
Anti-inflammation effect of mangiferin based on animal studies.  

Animal Inflammatory model Mangiferin treatments Molecular mechanism References 

Eight to twelve weeks old 
healthy female BALB/c 
mice 

DSS induced colitis 30 and 60 mg/kg 
administered by oral once a 
day from day 5 to day 14 

Inhibited the activity of TNF-α and MMP-9 Somani et al. (2016) 

Female C57BL/6 mice DSS induced colitis 50 mg/kg/day by oral gavage 
for 10 days 

Inhibited NF-κB and MAPK signaling Dou et al. (2014) 

Male C57BL/6 (6 weeks 
old) 

TNBS-induced colitis 10 or 20 mg/kg by oral once a 
day for 3 days 

Disturbed Th17/Treg cells and inhibited 
macrophage activation 

Lim et al. (2016) 

Male Wistar rats TNBS-induced colitis 10, 30 and 100 mg/kg 
administered intragastrically 
for 16 days 

Decreased TNF-α, IL-17, MDA and SOD activity; 
restored integrity of the mucosal epithelial barrier 

Szandruk et al. 
(2018) 

Male C57BL/6 TNBS induced colitis 10 or 20 mg/kg by oral 
administered for 3 days 

Inhibited IRAK1 phosphorylation and NF-κB 
activation; inhibiting COX-2 and iNOS 

Jeong et al. (2014) 

C57BL/6 mice TBHP-Induced Osteoarthritis 10 mg/kg was intragastrically 
administrated for eight 
weeks. 

Enhanced autophagy by activating the AMPK 
signaling pathway 

Li et al. (2019a) 

DBA/1 mice Collagen induced arthritis 50, 100, and 400 mg/kg by 
oral for 14 days 

Inhibited IL-1β, IL-6, TNF-α, and receptor activator 
NF-κB ligand through inactivating NF-κB and 
ERK1/2 

Tsubaki et al. (2015) 

Lactating female BALB/c 
mice 

Mastitis induced by LPS 5, 10 and 20 mg/kg by i.p. for 
24 h 

Alleviated histopathology, MPO activity and pro- 
inflammatory cytokines (TNF-α, IL-1β, and IL-6); 
inhibited NF-ĸB and NLRP3 inflammasome 
activation 

Qu et al. (2016b) 

Male BALB/c mice LPS/GalN-induced acute liver injury 5, 10 and 20 mg/kg d by i.p. Activated the Nrf2 pathway; inhibited NLRP3 
inflammasome activation 

Pan et al. (2016) 

Male Sprague–Dawley rats alcohol hepatitis (AH) 10 and 50 mg/kg by i.g. for 12 
weeks 

Modulated specific genes, potential biomarkers and 
metabolic pathways in AH rats 

Li et al. (2019c) 

The 12-week-old WT BL6/ 
C57 male mice 

Oxazolone-induced dermatitis mice 
models 

50 mg/kg by oral gavage for 
14 days 

Inhibited NF-κB pathway Zhao et al. (2017a) 

10-week-old C57BL/6 
male mice 

The osteoarthritis model was 
induced by surgical destabilization 
of the medial meniscus (DMM) 

10 mg/kg was intragastrically 
administrated once a day for 
8 weeks 

Reduced cellular apoptosis, lower narrowing of 
joint space; alleviated synovitis; 
improved smoothness of cartilage surface and 
proteoglycans 

Li et al. (2019a) 

Male C57/BL6-mice (6–8 
weeks old) 

Ischemia reperfusion injury (IRI) 10, 30 and 100 mg/kg/day by 
oral gavage for 7 days 

Inhibited TNF-α, IL-1β, NO and MPO activity Wang et al. (2015) 

Swiss albino male mice Postoperative ileus 30 and 100 mg/kg by oral for 
45 min 

Inhibited proinflammatory responses (TNF-α, IL-1β, 
IL-6 and MCP-1), tubular apoptosis; increased 
adenosine and CD73 

Morais et al. (2015) 

Male albino Wistar rats Ischemia reperfusion (IR) injury 40 mg/kg by i.p. for 15 days Modulated MAPK/TGF-β pathways mediated 
inflammation and apoptosis 

Suchal et al. (2016) 

FasL-deficient B6/gld mice Spontaneous Lupus nephritis (LN) 
model 

20 or 40 mg/kg by oral 
gavage for 12 weeks 

Upregulated CD4+FoxP3+ Tregs; down-regulated 
mTOR/p70S6K pathway; improved renal 
immunopathology 

Liang et al. (2018) 

Adult male Wister albino 
rats 

Intestinal ischemia/reperfusion- 
induced liver injury 

20 mg/kg, i.p for 3 days Involvement Wnt/β-catenin/NF-қβ/PPAR-γ 
signaling pathways 

El-Sayyad et al. 
(2017) 

Wistar rats liver inflammation 40 mg/kg administer via 
gavage for 8 days 

Increased the mRNA expression of PPAR-α and 
HSP72 

Toledo et al. (2019) 

Female BALB/c mice OVA-induced asthmatic 100 and 200 mg/kg were 
orally for 14 days 

Maintianed the balance of Th9, Th17, and Treg cells Yun et al. (2019) 

Male C57 BL/6 J high-fat diet (HFD) induced vascular 
injury 

5 and 20 mg/kg mixed with 
HFD for 12 week 

Regulated PTEN/AKT/eNOS pathway Jiang et al. (2018) 

Male C57BL/6J wildtype 
mice 

Porphyromonas gingivalis-induced 
periodontitis 

50 mg/kg by oral for 8 week Inhibited TNF-α, NF-κB phosphorylation and JAK1- 
STAT1/3 pathways in gingival epithelia 

Li et al. (2017) 

Male Swiss Albino mice tBHP-induced renal injury 75 mg/kg by oral for 2 weeks Down-regulated the pro-apoptotic cascade 
mediated by JNK and p38MAPK; 
activated the PI3K/Akt pathway 

Saha et al. (2019) 

Old male swiss albino mice Cisplatin Induced Acute Renal Injury 10, 20, 40 mg/kg by oral for 
21 days 

Attenuated oxidative stress and up-regulated Nrf-2; 
induced survival signaling pathway via activating 
PI3K 

Sadhukhan et al. 
(2018) 

Male Sprague-Dawley rats High-fat diet and a low dose of 
streptozotocin induced diabetic 
cardiomyopathy (DCM) 

20 mg/kg by oral for 16 
weeks 

Prevented the secretion of inflammatory cytokines; 
inhibited NF-κB nuclear translocation as well as the 
generation of ROS and AGE/RAGE interaction 

Hou et al. (2016) 

Male Sprague–Dawley rats Doxorubicin (DOX) induced 
cardiotoxicity 

30 and 60 mg/kg by oral for 7 
weeks 

Down-regulated the expressions of proapoptotic 
and proinflammatory genes; up-regulated SERCA2a 
gene expression; restored cytosolic calcium 

Agustini et al. 
(2016) 

Male ICR mice chronic mild stress mice model 20 and 40 mg/kg were 
admininstered for 3 weeks 

Inhibited IL-1β, IL-18 and NLRP3 inflammasome Cao et al. (2017) 

C57BL/6 male mice Acetaminophen acute liver failure 12.5, 25, 50 mg/kg were 
admininstered for 1, 6, 12, 
and 24 h 

Improved JNK-mediated oxidative stress and 
inflammation 

Chowdhury et al. 
(2019) 

Male Wistar rats Mechanical hyperalgesia induced by 
carrageenan 

150–1200 μg/paw Inhibited TNF-α and the CINC1/epinephrine/PKA 
pathway 

Rocha et al. (2018) 

Male Wistar rats gastric ulcer models 10 and 20 mg/kg by i.p Induced the expression of Nrf2, HO-1 and PPAR-γ 
via down-regulation of NF-κB 

Mahmoud-Awny 
et al. (2015) 

Female Balb/c mice Mouse model of allergic asthma Guo et al. (2014) 

(continued on next page) 
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from nuclear to cytoplasma in TNF-α-induced RAW264.7 cells (Dou 
et al., 2014). Jeong et al. (2014) found that mangiferin regulated NF-κB 
and MAPK signaling pathways via the suppression of IL-1 

receptor-associated kinase 1 (IRAK1) phosphorylation, 
pro-inflammatory enzymes, and cytokines thus ameliorateed colitis. 
Mangiferin could also reduce oxidative stress and inflammation by 
down-regulating phosphorylated-c-JNK (p-JNK), activating 
AMP-activated protein kinase (AMPK), and improving the metabolism 
of acetaminophen (APAP) and APAP -Cys (Cysteine) adducts (Chowd-
hury et al., 2019). In inflammatory mechanical hyperalgesia, mangiferin 
inhibited pain by suppressing the expression of TNF-α and the 
cytokine-induced neutrophil chemoattractant 1 (CINC1)/epineph-
rine/Protein kinase A (PKA) pathway (Rocha et al., 2018). Additionally, 
mangiferin showed the gastroprotective effect by modulating inflam-
mation, oxidative stress, and apoptosis possibly through the 
PPAR-γ/NF-κB and Nrf2/heme oxygenase-1 (HO-1) signaling pathways 
(Mahmoud-Awny et al., 2015). 

3.3. Anti-inflammatory actions of mangiferin on cytokine signaling 

Inflammation process is regulated by both pro-/anti-inflammatory 
cytokines. In excised lung tissue, mangiferin restored the imbance of 
Th1/Th2 cells ratio through decreasing the mRNA levels of Th1 

Table 3 (continued ) 

Animal Inflammatory model Mangiferin treatments Molecular mechanism References 

50, 100 and 200 mg/kg by 
oral for 14 days 

Modulated Th1/Th2 cytokine imbalance by 
suppressing the STAT6 signaling pathway 

Female Balb/c mice Murine model of allergic asthma 50 mg/kg by oral for 24 days Inhibited lymphocyte proliferation and the level of 
IL-4, IL-5 and IgE. 

Rivera et al. (2011) 

Male Swiss albino mice AlCl3-induced neurotoxicity 20 and 40 mg/kg, p.o for 21 
days 

Inhibited oxido-nitrosative stress, inflammation and 
brain-derived neurotrophic factor depletion 

Kasbe et al. (2015) 

Male Sprague-Dawley (SD) 
rats 

Contusive spinal cord injury 20 and 40 mg/kg for 30 days Regulated Bcl-2/Bax signal pathway, oxidative 
stress, as well as inflammation 

Luo et al. (2015) 

Adult half male and half 
female Kunming mice 

Bleomycin (BLM)-induced 
pulmonary fibrosis 

40 mg/kg by gastric gavage 
for 14 days 

Inhibited TLR4/p65 and TGF-b1/Smad2/3 pathway Jia et al. (2019) 

Male adult Sprague- 
Dawley rats 

blast-induced traumatic brain injury 100 mg/kg, i.p. for 20 min Inhibited NLRP3 inflammasome activation, 
oxidative stress and pro-inflammatory cytokines 

Fan et al. (2017) 

Male Kunming mice A mouse model of NAFLD using HFD 15, 30, and 60 mg/kg, 
intraperitoneal for 12 weeks 

Inhibited inflammatory responses; enhanced 
autophagy; increased glycolipid metabolism 

Wang et al. (2017c)  

Table 4 
Anti-inflammation effect of mangiferin combined with other compounds.  

Comibined 
treatment 

Inflammatory 
model 

Anti-inflammatory 
molecular mechanism 

References 

mangiferin 
+

naringenin 

streptozotocin- 
induced diabetic 
in rats 

Binded PPARγ and 
glucose transporter type 
4 

Singh et al. 
(2018) 

mangiferin 
+ gallic 
acid 

MDA-MB231 
breast cancer cells 

Caused IκB degradation, 
NF-κB translocation and 
NF-κB/DNA binding 
inhibited NF-κB 
activation via IKKα/β 
kinases 

García-Rivera 
et al. (2011) 

mangiferin 
+ L- 
arginine 
and L- 
NAME 

CFA induce 
arthritis in male 
wistar rats 

Reduced TNF-α, IL-6, IL- 
1β, MDA and NF-κB 
levels; reversed cytokine 
profile, and oxidative 
stress markers 

Pal et al. (2019)  

Fig. 2. Anti-inflammatory molecular mechanisms of mangiferin.  
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cytokines and increasing Th2 cytokines, thereafter, suppressed STAT-6 
and GATA-3 activation (Guo et al., 2014). Besides, mangiferin could 
prevent the inflammation in the blood vessels and peribronchial air-
ways, inhibit the expression of cytokines in lymphocyte and bron-
choalveolar lavage fluid, reduce immunoglobulin E (IgE), and inhibit 
lymphocyte proliferation (Rivera et al., 2011). In collagen-induced 
arthritis mice, the cytokines including IL-1β, IL-6 and TNF-α were 
inhibited at both transcriptional and translational levels in thymus and 
spleen by mangiferin. Moreover, the receptor activator NF-κB ligand in 
serum was also suppressed through inhibiting NF-κB and activating 
extracellular signal-regulated kinase 1/2 (Tsubaki et al., 2015). Man-
giferin showed IL-1β and TNF-α inhibitory capacity and neuroprotection 
in AlCl3-induced neurotoxicity in male Swiss albino mice (Kasbe et al., 
2015). Furthermore, mangiferin reduced inflammatory cytokines and 
modulated oxidative stress and Bcl-2/Bax pathway, thus attenuated 
contusive spinal cord injury in rats (Luo et al., 2015). It also inhibited 
thioacetamide-induced fibrogenesis via decreasing the TGF-β mRNA 
expression (Handayani et al., 2018). 

3.4. Anti-inflammatory actions of mangiferin on autophagy 

Autophagy is a process that uses lysosomes to degrade the cells’ 
components such as organelles. Cell autophagy is crucial for maintain-
ing the homeostasis and survival of the intracellular environment. In a 
stress state, the body induces autophagy and activates the anti-stress 
defense system in the body to respond to stress, thereby maintaining a 
steady state. Autophagy is regulated by related genes (Atg), including 
LC3, Beclin1, Atg5, and Atg7 (Mizushima 2018). Mangiferin had the 
cardioprotection effect by enhancing autophagic flux in high 
glucose-induced myocytes toxicity, which is associated to decrease 
mammalian target of rapamycin (mTOR) phosphorylation and suppress 
mTOR complex 1 downstream signaling pathway (Hou et al., 2018). 
Mangiferin could induce autophagy by promoting AMPKα phosphory-
lation, thereby promoting bone marrow-derived mesenchymal stem 
cells hypertrophic chondrocyte viability and against hypoxia-induced 
injury (Bai et al., 2018) as well as regulating the AMP-activated pro-
tein kinase/mechanistic target of rapamycin signaling pathway (Wang 
et al., 2017c). In diabetic nephropathy, mangiferin enhanced autophagy 
through the AMPK-mTOR-ULK1 pathway (ULK1, unc-51-like kinase 1) 
to delay and protect podocytes (Wang et al., 2018b). In a mouse oste-
oarthritic model, Tthe activation of AMPK signaling pathway by man-
gifein caused the increase of autophagy in chondrocyte. Mangiferin also 
prevented TBHP-induced extracellular matrix (ECM) degradation and 
apoptosis in chondrocytes (Li et al., 2019a). 

3.5. Anti-inflammatory actions of mangiferin on intestinal barrier 
integrity 

The intestinal barrier functions as the first defending system that 
prevents harmful substances such as bacteria and toxins, from passing 
through the intestinal mucosa into other tissues, organs, and blood cir-
culation in the body. The intestinal barrier contains many components, 
including intestinal mucosa epithelium, intestinal mucus, intestinal 
flora, secretory immunoglobulin, and the junctional complex which 
contains tight junction, adherens junction, and desmosome (Chelakkot 
et al., 2018). Tight junction, the uppermost part of the junctional com-
plex, contains various proteins such as claudin, occludin, and zodula 
occludens (ZO), which prevents the passage of toxin, bacteria, and 
macromolecules (Slifer and Blikslager 2020). IBD, irritable bowel syn-
drome, and obesity are found to relate to the dysfunctional intestinal 
barrier (König et al., 2016). Numerous studies indicated that intestinal 
barrier function is associated with inflammatory responses (Julio-Pieper 
and Bravo 2016; Schoultz and Keita 2019). Maintaining mucosal ho-
meostasis requires the regulation of epithelial barrier function that is 
affected by the modulation of inflammatory factors in the mucosa and 
the barrier-forming elements in the epithelium (Luissint et al., 2016). 

Szandruk et al. (2018) found that mangiferin ameliorated inflammation, 
restored intestinal barrier dysfunction, and prevented lipid oxidation in 
IBD mice. Recently, mangiferin was found to upregulate the expression 
of occludin in the lung and kidney of mice with sepsis-associated injuries 
(Zhang et al., 2020). However, the molecular mechanism of the intes-
tinal barrier protection effects of mangiferin is still unclear. Studies 
showed that mangiferin can ameliorate intestinal barrier dysfunction in 
IBD mice, however, the studies about the impact of mangiferin on the 
tight junction proteins are very limited. Therefore, these researches 
should be conducted to investigate the interaction between mangiferin 
and different tight junction proteins, including claudins, occludin, and 
ZO-1, et al.; the impact on the distribution of these proteins in the in-
testinal epithelium cells; and the effects on tight junction proteins 
expression at transcriptional and translational levels. Furthermore, the 
connection between the reconstruction of the intestinal barrier and the 
anti-inflammatory activity of mangiferin should also be investigated to 
better understand the protective effects of mangiferin on IBD. 

Overall, the anti-inflammatory actions of mangiferin target on a 
complicate network that includes PPRs, cellular signaling pathways, 
cytokines, autophagy, and intestinal barrier integrity, etc. Mangiferin 
collectively works on different levels of molecular targets to prevent 
inflammation. Mangiferin inhibits the activation of PPRs, thus blocks the 
recognization of PPRs to the DAMPs and PAMPs induced by endoge-
neous stress and external pathogens, which leads to the inactivation of 
cellular signaling pathways, including JAK-STAT, MAPK, and NF-κB 
pathways. The inhibition of cellular signaling pathways decreases the 
expression of pro-inflammatory cytokines, chemokines, and various in-
flammatory mediators such as NO, iNOS, COX-2 and helps maintain 
intestinal barrier integrity, which in turn prevents the invasion of 
extrenal pathogens. Moreover, mangiferin increases the autophagy, 
which helps maintain the homeostasis and the balance intracellular 
environments, thus ameliorates the exteral and enteral stresses and in-
hibits inflammation. 

4. Anti-cancer mechanisms of mangiferin associated with its 
anti-inflammation capacity 

Cancer is a malignant tumor that originates from mutant cells and its 
occurrence and progression are found to correlated with inflammation 
(Trinchieri 2012). Chronic inflammation induces carcinogenesis via 
inhibiting cell proliferation, apoptosis, and angiogenesis, and so on 
(Debeleç and Öztürk 2017). Inflammatory cytokines and cells are 
involved in the pathological development of tumors, including occur-
rence, promotion, malignant transformation, invasion and metastasis. In 
addition, NF-κB promotes the secretion of various inflammatory cyto-
kines and mediates the formation of chronic inflammation and cancers, 
such as colon, prostate and liver cancer. Cancer-related inflammation 
plays a crucial role in the occurrence and progression of cancer and has 
become a research hotspot in recent years. Chronic inflammation 
changes the homeostasis of tumor tissue by providing biologically active 
molecules, including growth factors, chemokines, and cytokines and 
participates in the construction of tumor microenvironment (TME) 
(Atretkhany et al., 2016). The interaction of multiple cytokines secreted 
by TME infiltrating cells forms a complex cytokine network, which 
promotes tumors through various mechanisms such as 
pro-inflammatory, immune editing, and immune escape, thus increase 
the risk of cancer. Therefore, inhibition of inflammation is an effective 
strategy for anti-cancer drug development. Mangiferin can suppress 
metastasis and tumor growth via the NF-κB pathway by inhibiting 
NF-κB-inducing kinase phosphorylation (NIK) (Takeda et al., 2016a). 
The anti-cancer effects and the molecular mechanisms of mangiferin 
were shown in Table 5 and Fig. 3, respectively. 
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4.1. Anti-cancer actions of mangiferin on inflammatory cells and 
inflammatory mediators 

The cells involved in the inflammatory response include macro-
phages, lymphocytes, plasma cells, granulocytes, and monocytes. Mac-
rophages are a vital bridge between inflammation and cancer and have a 
“double-edged sword” effect on tumors. The two polarization states, M1 
and M2, suppress or promote tumor cell proliferation, respectively. 
Tumor-associated macrophages (TAMs) secrete macrophage migration 
inhibitory factor (MIF), cytokines (e.g. IL-6, IL-17, IL-12, IL-23, IL-10, 
and TNF-α), and transforming growth factor-β (TGF-β). etc. to accel-
erate cancer progression (Gan et al., 2016). In breast cancer cells, COX-2 
in TAM promotes tumor metastasis through the Akt pathway (Gan et al., 
2016). Mangiferin was found to inhibite inflammatory markers, 
including COX-2, iNOS, IL-1β, IL-8, and TNF-α in human gastric 
adenocarcinoma AGS cells (Zhang and Yue 2017). 

4.2. Anti-cancer actions of mangiferin on NF-κB signaling pathway 

Numerous studies showed that NF-κB activation is closely related to 
inflammation, which is responsible to the signal transduction of tumor 
development. Mangiferin suppressed NF-κB through inhibiting NIK 
activation and then induced apoptosis in multiple myeloma cell lines 
(Takeda et al., 2016b). Mangiferin induced apoptosis and inhibited the 
growth of A549 cells through impeding the PKC (protein kinase C)– 
NF-κB pathway (Shi et al., 2016). Recently, Delgado-Hernández et al. 
(2020) found that mangiferin down-regulated the expression of a variety 
of NF-κB target genes such as MMP-19, IL-6, TNF, INF-γ, vascular 
endothelial growth factor receptor 2, and placental growth factor in 
metastatic melanoma. Moreover, the sensitivity of cancer cells to anti-
cancer drugs was enhanced by mangiferin through suppressing NF-κB 
pathway (Takeda et al., 2016c). 

4.3. Anti-cancer actions of mangiferin on inflammasomes and autophagy 

NLRP3 inflammasome induces epithelial-mesenchymal transition 

(EMT) and then promotes metastasis in colon cancer cells. AMPK acti-
vator GL-V9 attenuates experimental enteritis and colorectal cancer by 
autophagic degradation of NLRP3 (Zhao et al., 2017b). Furthermore, 
NLRRP1 and NLRRP6 inhibit tumorigenesis by regulating the levels of 
IL-18 and IL-1β. Mangiferin triggered autophagy through elevating the 
expressions of the LC3 II and Beclin-1, thus suppressing the migration 
and invasion of the Mia-PaCa2 cells, therefore exhibited the potential 
chemotherapeutic capacity for pancreatic cancer (Yu et al., 2019). In the 
non-small cell lung cancer cells, mangiferin ameliorated LPS-induced 
EMT, up-regulated tumor suppressor gene Period 1, and inhibited 
IL-1β and NLRP3 (Lin et al., 2020). 

4.4. Anti-cancer actions of mangiferin on MicroRNA 

microRNAs are found to regulate inflammation and cancer, recently. 
Inflammation induces or inhibits the expression of microRNAs, thereby 
affecting cell proliferation, DNA repair, DNA methylation, cell 
apoptosis, tumor angiogenesis, and other pathophysiological processes 
(Bayraktar and Van Roosbroeck 2018). Mangiferin was reported to 
induced apoptosis and prevented proliferation in PC3 cells by 
down-regulating Bcl-2 and up-regulating miRNA-182 (Li et al., 2016b). 
Although many studies have shown that microRNA affects inflammatory 
response, there are very few researches relevant to how mangiferin 
regulates inflammatory response through microRNA. 

In summary, the anti-cancer capacity of mangiferin is closely asso-
ciated with its anti-inflammatory activity. Mangiferin inhibits 
inflammatory-related cellular signaling pathways, mediators and cyto-
kines and increases autophagy, which leads to the prevention of the 
tumor proliferation, transformation, invation, and metastasis. Further-
more, mangiferin enhaces the expression of microRNA, thus inhibits 
carcinogensis induced by mutated DNA. 

5. Other anti-cancer mechanisms of mangiferin 

Except for anti-inflammation associated anti-cancer effects, man-
giferin can also inhibit cancer by regulating different signal pathways 

Table 5 
Anti-cancer effect of mangiferin.  

Cancer models Mangiferin concentrations Anti-cancer molecular mechanism References 

AGS cells 10, 20, 50 and 100 μg/mL Inhibited the adhesion and invasion process; deactivated NF-p65 Zhang and Yue (2017) 
Multiple myeloma cell lines 50, 100, 200 and 400 μg/mL Inhibited NF-κB via suppressing NIK activation Takeda et al. (2016b) 
Metastatic melanoma cells 60, 120 and 240 μM Interfered with inflammation, lipid and calcium signaling; 

suppressed a variety of NF-κB target genes 
Delgado-Hernández et al. 
(2020) 

Human multiple myeloma cells 5–200 μg/mL Suppressed NF-κB pathway Takeda et al. (2016c) 
Mia-PaCa2 cells 10 μM Triggered autophagy through elevating the expressions of the LC3 II 

and Beclin-1 
Yu et al. (2019) 

Non-small cell lung cancer cells 3.125, 6.25, 12.5, 25, 50, 100, 200, 400 
and 800 μg/mL 

Enhanced the expression of tumor suppressor gene Period 1; inhibited 
NLRP3 and IL-1β 

Lin et al. (2020) 

PC3 human prostate cancer cells 0, 10 and 20 μM Down-regulated Bcl-2 and up-regulated of miRNA-182. Li et al. (2016b) 
Human ovarian cancer cells 25 μg/ml Modulated the YAP pathway He et al. (2019) 
Human ovarian cancer cells 12.5, 25, 50 and 100 μg/ml Regulated Notch3 pathway Zou et al. (2017) 
Human epithelial ovarian cancer 

cell lines 
37.5, 75, 150 and 300 μM Down-regulated MMP2 and MMP9 Zeng et al. (2020) 

malignant mammary cells 10, 20, 30, 40 and 50 μM Hindered Rac1/WAVE2 flagging; diminished metastatic phenotypic 
expression 

Deng et al. (2018) 

Gastric carcinoma cells (SGC- 
7901 and BCG-823 cells) 

2.5–200 μM Inhibited the PI3K/Akt pathways; inhibited Bcl-2, Bcl-xL and Mcl-1; 
increased Bax, Bad and cleaved caspase-3 and caspase-9 

(Du et al., 2017) 

Glioblastoma multiforme cells 12.5, 25, 50 and 100 μg/ml Reduced proliferation and DNA damage after radiation Mu et al. (2018) 
A mouse metastatic melanoma 

model 
Male C57BL/6 (6-week-old) 
mice 

50, 100, and 200 mg/kg for 21 days Suppressed metastasis and tumor growth via the NF-κB pathway 
through inhibiting the phosphorylation of NIK 

Takeda et al. (2016a) 

A549 xenograft mice 10, 50 and 100 mg/kg was 
intraperitoneally injected for 2 weeks 

Inhibited the protein kinase C–NF-κB pathway Shi et al. (2016) 

Orthotopic HCC implantation 
murine model 

50 mg/kg/2 days orally Regulated WT1-associated LEF1 repression through Wnt signalling Tan et al. (2018)  
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(such as Akt pathway and Notch3 pathways, etc), related proteins, 
apoptosis, and so on. Mangiferin inhibited the growth of human ovarian 
cancer cells by modulating the Yes-associated protein (YAP) pathway 
(He et al., 2019) and Notch 3 pathway, a functionally important 
downstream effector of YAP (Zou et al., 2017). In breast cancer, man-
giferin markedly inhibited cell migration and invasion through 
Rac1/Wiskott-Aldrich Syndrome protein-family verprolin-homologous 
protein 2 signaling (Deng et al., 2018). Furthermore, mangiferin 
induced apoptosis and prevented the proliferation by suppressing the 
mevalonate pathway in breast cancer cells (Cuccioloni et al., 2016). It 
was found that mangiferin triggered cell apoptosis and reduced the 
TPC-1 viability by reducing the expression of Bcl-2 and inducing of cas-3 
(Zhang and Wang 2018). Mangiferin remarkably suppressed gastric 
cancer cell growth and induced apoptosis via blocking the PI3K/Akt 
pathways (Du et al., 2017). The expressions of cleaved caspase-3, cas-
pase-9, Bax, and Bad were enhanced and Bcl-2, Bcl-xL, and Mcl-1 genes 
were decreased by mangiferin in SGC-7901 cells. Mangiferin showed an 
inhibitory effect on hepatocellular carcinoma via regulation of 
WT1-associated lymphoid enhancer-binding factor 1 (LEF1) repression 
through Wnt signaling (Tan et al., 2018). In addition, mangiferin may 
increase tumor sensitivity to radiotherapy in glioblastoma multiforme 
cells by reducing proliferation and increasing DNA damage after radi-
ation (Mu et al., 2018). Mangiferin noticeably inhibited the progression 
of human epithelial ovarian cancer cells via down-regulating MMP2 and 
MMP9 (Zeng et al., 2020). 

Some researchers have found that microbes can affect the occurrence 
of inflammation and cancer, and the interaction between microbes and 
host cells will intervene the formation of cancer (Dzutsev et al., 2017). 
Regulating the flora through external conditions has a certain impact on 
the cancer process. However, there are limited studies on the regulation 
of microbes by mangiferin associated with cancer have been found. 

6. Toxicity and safety of mangiferin 

Understanding the toxicity of mangiferin is crucial when it is used in 
humans. Mangiferin is generally considered a non-toxic natural com-
pound. A dosage of 0.9 g mangiferin administrated orally to adults 
showed no toxicity (Hou et al., 2012). Many studies reported that 
mangiferin was both safe and beneficial in improving cellular function. 
Treating vascular smooth muscle cells with mangiferin in a range from 
0.1 to 100 μM demonstrated vascular protection effects without cyto-
toxicity (Wisutthathum et al., 2019). Rodeiro et al. (2012) reported that 
oral application of 2 g/kg mangiferin to NMRI mice did not generate 
genotoxicity in the bone marrow erythrocytes. The frequency of reverse 
mutations and primary DNA damage were remained unchanged when 
applied mangiferin at 0.050–5 mg/plate in the Ames test and 0.005–1 
mg/mL in Escherichia coli PQ37 cells, respectively. The Comet assay 
showed no broken single strand and alkali-labile sites were found in 
blood peripheral lymphocytes or hepatocytes when treated with 
0.010–0.500 mg/mL of mangiferin for 1 h (Rodeiro et al., 2012). Red-
deman et al. (2019) evaluated the toxicity of mango leaf extract (60% 
mangiferin) and found that there is no mortality or toxic effects when 
orally administrated rats with mangiferin at a dose of 2 g/kg BW/day for 
3 months. Villas Boas et al. (2019) showed that the aqueous extract from 
Mangifera indica leaves had no remarkably genotoxic or mutagenicity, as 
well as its biotransformation metabolites. In general, mangiferin can be 
considered safe from cell and animal studies. However, there is a lack of 
safety data in the human studies. 

7. Conclusions and perspectives 

The rich resource of mangiferin from a wide range of higher plants 
makes it a good candidate for therapeutic drugs or food supplements. 
Although numerous in vitro and in vivo studies have indicated the various 

Fig. 3. Anti-cancer molecular mechanisms of mangiferin.  
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pharmacological activities of mangiferin and its derivatives, including 
anti-microbial, anti-diabetic, anti-carcinogenesis, antioxidant, and anti- 
inflammation et al., there is no clinical trial confirm those therapeutic 
effects so far. Therefore, more clinical studies need to be conducted to 
prove their effectiveness in the human body. The efficacy of mangiferin 
was improved when synergized with other compounds or drugs and 
administrated as plant extract instead of pure compounds. Therefore, it 
is plausible to administrate mangiferin with other bioactive components 
or directly use mangiferin rich plant extract in the pharmaceutical or 
nutraceutical industries. Mangiferin is generally considered non-toxic, 
however, more clinical studies related to the safety and toxicity of 
mangiferin should be done before the application of mangiferin and its 
derivatives in drug or food. The anti-inflammatory mechanisms of 
mangiferin include inhibiting the inflammatory response, activating 
autophagy, improving glucose, lipid, and energy metabolisms, regu-
lating cell signaling pathways, inhibiting the secretion of inflammatory 
mediators, and improving metabolic syndrome. Mangiferin also helps to 
restore the intestinal barrier function, which may ameliorate intestinal 
inflammation. The researches working on the relationship between the 
capacity of mangiferin on preventing intestinal tight junction dysfunc-
tion and inhibiting inflammation in the intestine are scant. In addition, 
the anti-inflammatory capacity of mangiferin is highly related to its anti- 
cancer effects, evidenced by regulating the NF-κB signaling pathway, 
inflammasome, autophagy, and microRNA. Studying the mechanism of 
inflammation-related anti-cancer action and establishing an effective 
anti-carcinogenic immune response for cancer patients is pivotal to the 
success of anti-tumor therapy. Overall, mangiferin, a natural small 
polyphenol compound, has a wide range of sources and bioactivities, 
and potentially functions as a novel therapeutic agent for inflammation 
and cancer treatments, thereby, has promising development and appli-
cation prospects. 
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Debeleç, B.B., Öztürk, M.B., 2017. Use of non-steroidal anti-inflammatory drugs for 
chemoprevention of inflammation-induced prostate cancer. Turk. J. Pharm Sci. 14 
(3), 274–279. https://doi.org/10.4274/tjps.41636. 

Delgado-Hernández, R., Hernández-Balmaseda, I., Rodeiro-Guerra, I., Cesar, R.G.J., De 
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