
412 Mini-Reviews in Medicinal Chemistry, 2012, 12, 412-425  

Perspectives on Medicinal Properties of Mangiferin  
A. Vyas1, K. Syeda2, A. Ahmad3, S. Padhye2 and F.H. Sarkar*,3 

1Dr. D.Y. Patil University, Pune, India; 2ISTRA, Abeda Inamdar Senior College, University of Pune, India and 
3Department of Pathology, Wayne State University and Karmanos Cancer Institute, Detroit, MI, USA 

Abstract: Mango tree, Mangifera indica, has been cultivated in India and several other tropical countries for centuries, 
and it is a good source of compound ‘mangiferin’. Mangiferin’s xanthonoid structure with C-glucosyl linkage and 
polyhydroxy component is believed to be crucial for its free radical-scavenging ability leading to a potent antioxidant 
effect. A number of biological activities of mangiferin have been suggested, including antidiabetic and antiinflammatory 
abilities. These might be explained by its antioxidant ability as well as its ability to modulate several key inflammatory 
pathways. Mangiferin has also been shown to be an effective inhibitor of NF-κB signaling pathway. This partially 
explains its antiinflammatory ability and, additionally, points towards its anticancer potential. The anticancer effects of 
this compound are just beginning to emerge, and in this comprehensive review, we provide information on what we know 
about the chemistry and biological effects of mangiferin, which would likely create interest among researchers to design 
further mechanistic studies in order to better understand and exploit the biological activities of this compound. 
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1. INTRODUCTION 

 It may be surprising to note that mango which is 
considered to be the undisputed king of all fruits and one of 
the most extensively exploited fruits for juice, pulp, flavor 
and fragrance, belongs to the family of highly poisonous 
plants such as cashews, poison oak and poison ivy,viz. 
Anacardiaceae. The fruit is indigenous to the Indian sub-
continent, and other tropical areas around the globe, and 
grows on tropical fruiting tree, viz. Mangifera indica which 
has been cultivated in India for over 4000 years. It is thought 
to have reached East Asia between the 4th and 5th century BC 
and cultivated in East Africa and thereafter in Brazil, West 
Indies, China, United States, Carribean and Mexico, where 
the climate is conducive for its growth. There are over 20 
million metric tons of mangoes grown throughout the 
tropical and sub-tropical regions. The leading mango 
producer country in the world is India, with very little export 
as most of the produce is consumed within the country. 
Mexico and China compete for the second place, followed 
by Pakistan and Indonesia. As briefly indicated that other 
cultivator countries include North, South and Central 
America, the Caribbean, South, West and Central Africa, 
Australia, Bangladesh and Southeast Asia. 

 The etymology of the name 'mango' suggests that it is 
derived from the Tamil word 'mangkay' or 'man-gay'. The 
Portuguese traders who settled in Western India adopted the 
name 'manga' which probably led to the word ‘mango’ used 
in English and Spanish. Some variations of the name exist in 
other languages: French (mangot, mangue, manguier), 
Portuguese (manga, manguiera) and Dutch (manja). In some  
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parts of Africa it is referred to as mangou or mangoro. The 
wide usage of the variants of the name mango perhaps attests 
for its prevalence worldwide. The fruit is fleshy, variable in 
size and shape, with varying mixtures of green, yellow and 
red colors while leaves are evergreen, alternate and simple as 
well as long and broad. When the leaves are young they are 
orange and pink but rapidly transform into dark glossy red 
and then dark green as they mature. Mangoes, with their 
tangy sweet flesh, have contributed to many inventive 
dishes, especially in Indian and Southeast Asian cuisine 
including sweet and chewy fruit leathers and fiery hot and 
spicy mango pickle. A beverage called ‘Lassi’ made with 
mango, yogurt, sugar, ice and a touch of ground cardamom 
is typically featured in many Indian restaurants today. 
Probably the most well-known dish that employs the mango 
is ‘Mango chutney’ which is an Indian condiment made by 
using green mango, brown sugar, vinegar, hot peppers, and 
ginger. 

 A number of ancient Indian scriptures have highlighted 
nutritive and medicinal value of mango wherein different 
parts of mango have been converted into various types of 
therapeutic formulations. Many of the therapeutic uses 
attributed to mango tree extracts include antiviral, 
antiparasitic, antiseptic, antiasthmatic, cardiotonic, 
aphrodisiac and laxative. An extract of mango bark called 
‘Vimang’ has been shown to possess cytoprotective 
antioxidant effects [1]. Dried flowers of mango contain 15% 
tannin and serve as astringents in case of diarrhea, chronic 
dysentery, catarrh of the bladder and chronic urethritis. 
Mango seeds have been found to be useful in treating 
diarrhea. The resinous gum obtained from the trunk is useful 
against skin cracking of feet. In some of the Caribbean 
islands, the leaf decoction is taken as a remedy for diarrhea, 
fever, chest complaints, diabetes and hypertension. Mango 
fruit and leaves contain polyphenols like quercetin, 
isoquercitin, gallic acid, methylgallate and a unique 
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xanthone derivative, viz. mangiferin, all of which are 
powerful antioxidant compounds and potential therapeutic 
agents. In the present review, we aim to provide a 
summarized account of the therapeutic potential of 
mangiferin surveying literature available to-date. 

2. PLANT SOURCES OF MANGIFERIN 

 The compound is found to be present in a variety of plant 
families in varying concentrations and it usually occurs as a 
glycoside. Some of the plant sources for Mangiferin include: 
Anemmarhena asphodeloides [2], Aphloia theiformis [3], 
Arrabidaea patellifera. [4], Arrabidaea samydoides [5], 
Bersama abyssinica [6], Bombax ceiba [7], Bombax 
malabaricum [8], Cratoxylum cochinchinense [9], Cyclopia 
genistoides [10], Cyclopia subternata [11], Folium 
mangiferae [12], Folium pyrrosiae [13], Gentiana lutea [14], 
Gentianella nitida [15], Gnidia involucrata [16], Hypericum 
perforatum [17], Mahkota Dewa[18], Mangifera indica [19], 
Mangifera odorata [20], Phaleria cumingii [21], Phaleria 
macrocarpa [22], Mangifera Persiciformis [23], Polygala 
hongkongensis [24], Pyrrosia gralla [25], Rhizoma 
anemarrhenae [26], Rhizoma belamcandae [27], Salacia 
hainanensis [28], Salacia oblonga [29], Salacia reticulate 
[30], Swertia macrosperma [31], Swertia chirata [32], 
Swertia mussotii [33], Swertia punicea [34], Trichomanes 
reniforme [35] and Zizyphus cambodiana [20]. However, the 
easiest source of mangiferin appears to be from mango and 
especially from mango tree leaves. 

3. EXTRACTION, ISOLATION AND SPECTRO-
SCOPIC CHARACTERIZATION 

 Mangifera indica is one of the chief sources of 
mangiferin. The secondary plant metabolites of this plant 
have been identified and quantitated by Baretto and co-
workers [36] in solvent extracts of barks, kernels, peels, and 
old and young leaves. The method followed for the purpose 
included extraction of the plant material from Mangifera 
indica with hexane in a Soxhlet apparatus to remove lipids. 
After drying, the material was further extracted with 
methanol and the solutions were evaporated to dryness by 
rotavapor. The extracts were dissolved in methanol and 
analyzed by high-performance liquid chromatography 
(HPLC) and HPLC-electrospray ionization-mass spectro-
metry (ESI-MS). Free radical scavenging activity of the 
solvent extracts was evaluated using a high-performance 
liquid chromatography-based hypoxanthine/xanthine oxidase 
assay which revealed dose-dependent antioxidant capacity in 
all extracts. The major phenolic compounds (mangiferin, 
penta-O-galloylglucoside gallic acid, and methyl gallate) 
detected in these extracts were also evaluated by additional 
in vitro assays such as oxygen radical absorbance capacity, 
2,2-diphenyl-1-picrylhydrazyl, and ferric reducing ability of 
plasma. Mangiferin, in particular, is detected at high 
concentrations in young mango leaves (Coite) (172 g/kg), 
while present in moderate amounts in bark (Momika) (107 
g/kg), and old leaves (Itamaraka) (94 g/kg), respectively. The 
compound exhibited exceptionally strong antioxidant 
properties [36]. 

 Nong et al. [37] utilized capillary zone electrophoresis 
(CZE) to develop an analytical method for mangiferin 

obtained from bark of Mangifera indica and leaves of 
Mangifera persiciformis. The isolation procedure for 
Mangiferin from leaves of Mangifera persiciformis involved 
extraction of the leaves with 95% ethanol for 24 h at room 
temperature and vacuum evaporation of the filtrate. The 
condensed residue was resuspended in distilled water and 
further processed with vacuum evaporation using petroleum 
ether (60–800C) and ethyl acetate consecutively when golden 
colored mangiferin (m.p. 271–2730C) was obtained. The 
purity of the compound obtained in this manner was 
approximately 97.39%. daCruz et al. have reported single-
crystal X-ray structure of mangiferin isolated and 
recrystallized from EtOH and water mixture [38]. Nunez 
Selles et al. [39] isolated several phenolic compounds from 
an aqueous decoction of the stem bark of Mangifera indica, 
including mangiferin which is the principal active compound 
amongst them. These molecules were quantitatively analyzed 
using HPLC. Schieber and co-workers isolated 14 flavonol 
and xanthone glycosides from peels of Mangifera indica and 
analyzed the compounds by HPLC-electrospray ionization 
mass spectrometry [40]. The analysis revealed seven 
quercetin O-glycosides, one kaempferol O-glycoside, and 
four xanthone C-glycosides. As per the fragmentation pattern 
of the mass spectra, the xanthone glycosides were found to 
be mangiferin, isomangiferin and their derivatives. Gowda 
and co-workers worked on the development and validation 
of a reversed-phase liquid chromatographic method for the 
determination of mangiferin in alcoholic extracts of 
Mangifera indica. Mangiferin was detected at 254 nm 
wavelength [41].  

4. CHEMISTRY OF MANGIFERIN 

 Mangiferin (Fig. 1) is a natural C-glucoside xanthone [2-
C-β-Dgluco-pyranosyl-1,3,6,7-tetrahydroxyxanthone] with 
the molecular formula C19H18O11 (Mw, 422.35) and melting 
point, anhydrous 271°C [42]. The compound is reported in 
various parts of M. indica: leaves [43], fruits [44], stem bark 
[45,46], heartwood [47] and roots [48]. The compound also 
forms among different angiosperm families and ferns [49-
51] and is widely distributed in the Anacardiaceae and 
Gentianaceae families, especially in the leaves and bark [52]. 
The aglycone part is a phenolic compound that emerges from 
two different aromatization pathways, viz. shikimate 
(carbons C4b, C5, C6, C7, C8, C8a) and the ketate (carbons 
C1, C2, C3, C4, C4a, C8b), respectively. Xanthones are 
known natural constituents of plants and micro-organisms 
which have been extensively studied for their antioxidant, 
antiinflammatory and anticancer properties. Mangiferin’s 
structure fulfils the four Lipinski’s requisites reported to 
favor high bioavailability by oral administration [53]: 
molecular weight below 500 daltons, less than 5 donor 
functions for hydrogen bonds (4), less than 10 acceptor 
functions for hydrogen bonds (2) and favorable octanol/ 
water partition coefficient (logP mangiferin : + 2.73) [54]. 

5. REACTIONS OF MANGIFERIN 

 Wang and co-workers carried out regioselective acylation 
of mangiferin catalyzed by Pseudomonas cepacea lipase 
(PCL) with vinyl acetate as the acyl donor and DMSO as 
reaction solvent [55]. The reaction was conducted at 45 °C 
and the enzyme was loaded at 6 mg/ml. With a substrate 
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ratio of 6:1 (vinyl acetate to mangiferin), the acylation yield 
was 84%. Faizi et al. obtained accurate assignments in NMR 
spectra for the acyl and methyl derivatives of mangiferin 
isolated from the leaves of Bombax ceiba [7]. The unstable 
acetates were transformed into the same penta-acetate at 
room temperature. NMR analysis revealed that H-4 
exchanges with deuterium of the solvent molecule easily 
under acidic conditions, allowing facile electrophilic 
substitution reactions to take place at C-4 position. Wu and 
colleagues have synthesized mangiferin, isomangiferin and 
homomangiferin bringing about C-glycosylation of a 
xanthene derivative with perbenzylglucopyranosyl N-
phenyltrifluoroacetimidate [56]. 

 Yue et al. [57] demonstrated formation of a complex 
between mangiferin and human serum albumin (HSA) via 
hydrophobic interaction, by spectroscopy and molecular 
modeling . It was observed that the binding of mangiferin to 
HSA leads to changes in the conformation of HSA while the 
binding constant of mangiferin-HSA complex is affected by 
the presence of amino acids and metal ion. Pardo-Andreu et 
al. [58] reported the formation of a complex between 
mangiferin and ferric ions, and suggested that this complex 
prevents mitochondrial permeability transition (MPT) by 
protecting the mitochondrial membrane protein thiols and 
glutathione from oxidation. It has also been reported to 
increase the ability of mangiferin to scavenge the 2,2-
diphenyl-1-picrylhydrazyl radical markedly and exhibit 
antioxidant action towards H2O2 production, mediated by 
antimycin A and mitochondrial membrane lipid peroxidation 
caused by t-butyl hydroperoxide. These researchers also 
demonstrated that a mixture of Vimang (Mangifera indica L. 
extract) and Fe(III) is an effective antioxidant and 
cytoprotective agent [59]. They showed the formation of a 
mangiferin:Fe(III) complex (2:1) with the help of changes in 
electronic spectra as well as by reduction of the anodic 
current peak in the voltammogram of the compound. The 
complex was found to be superior antioxidant than 
mangiferin alone which reacted rather easily with 
horseradish peroxidase/H2O2 as compared to mangiferin 
alone [59]. The above group has suggested the iron-
complexing ability of mangiferin (10 µM) as the principal 
means of protection of rat liver mitochondria against lipid 
peroxidation mediated by Fe(2+)-citrate (50 µM). The IC50 
value was approximately 10 times less as compared to tert-
butylhydroperoxide mitochondrial induction of thiobarbituric 
acid reactive substance formation. The formation of a 

transient charge transfer complex between Fe(2+) and 
mangiferin was also proposed on the basis of the absorption 
spectra accelerating Fe(2+) oxidation and formation of a more 
stable Fe(3+)-mangiferin complex unable to participate in 
Fenton-type reaction and lipid peroxidation propagation 
phase [60]. 

6. BIOLOGICAL ACTIVTIES 

 Mangiferin has some very potent therapeutic activities 
but most of its biological activities remain to be explored. 
The compound has potent immunomodulatory properties and 
is believed to inhibit tumor growth in early as well as later 
stages. In addition, it can also counteract free radicals in 
various health disorders and diseases. For example, it has 
been reported that mangiferin has potent cytoprotective and 
antigenotoxic effects against CdCl2- induced toxicity in 
HepG2 cells on the basis of absorption spectra, which are 
attributed to decrease the levels of reactive oxygen species 
[61]. The tender leaves of mango tree are considered useful 
in diabetes. Mangiferin could significantly prevent 
progression of diabetic nephropathy and improve renal 
function [62]. Another study has demonstrated that mangi-
ferin possesses significant antidiabetic, antihyperlipidemic 
and antiatherogenic properties, suggesting that its beneficial 
effect in the treatment of diabetes is associated with 
hyperlipidemia and related cardiovascular complications 
[63]. Studies carried out by Lemus-Molina et al. have shown 
that Mangifera indica extract is an efficient neuroprotector in 
excitotoxic neuronal death indicating that it has therapeutic 
potential to treat neurodegenerative disorders [64]. Studies 
conducted by Rajendran et al. have confirmed the 
chemopreventive and chemotherapeutic effects of mangiferin 
[65]. Further literature reports have shown that mangiferin 
remarkably inhibits the proliferation of K562 leukemia cells 
in vitro, and induces apoptosis in K562 cell line [66]. 
Mangiferin-mediated down-regulation of NF-κB appears to 
be one of the molecular mechanisms in potentiating 
apoptosis, suggesting that mangiferin may be an important 
agent in combination therapy for the treatment of cancer 
using conventional therapeutics [67]. Considering that this 
compound can be extracted from a renewable source such as 
leaves of mango tree, it would be worthwhile to explore its 
medicinal properties in detail including assessment of the 
value of mangiferin in clinical trials in the future. 

i. Antioxidant Activity 

 A recent review [68] highlights the antioxidant potential 
of polyphenolic compounds obtained from various dietary 
sources including anthocyanins (from berries), catechins and 
theaflavins (from tea), curcumin (from turmeric), resveratrol 
(from grapes and peanuts) and dihydrochalcones aspalathin 
and nothofagin (from rooibos). This article also discussed 
mangiferin from honeybush (Cyclopia genistoides) by 
reporting its neuroprotective effects in pre-clinical models of 
Alzheimer’s disease. A comparative study between five 
varieties of mango (Mangifera indica) for their phenolic 
contents and antioxidant potential of the fruit pulp conducted 
by Manthey et al. [69] showed that the variety Ataulfo had 
the highest phenolic content and exhibited superior DPPH 
radical scavenging activity compared to other varieties. It 
was also observed that the country of origin and harvest 

 

 

 

 

 

 

 

 

Fig. (1). Chemical structure of mangiferin. 
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dates had far less influence on these parameters. The role of 
mangiferin in ameliorating oxidative stress, neuronal death 
and mitochondrial depolarization caused by overactivation of 
ionotropic glutamate receptors has been summarized by 
Lemus-Molina and co-workers [64]. 

 The fundamental molecular mechanism of neuropro-
tection by mangiferin has been analyzed in an in vitro model 
of excitotoxic neuronal death related to NMDA receptor 
over-stimulation [70]. It was observed that the compound 
decreases formation of reactive oxygen species by triggering 
enzymatic antioxidant system and rejuvenating mitocho-
ndrial membrane potential. The antioxidant and radical 
scavenging activities of mangiferin, isomangiferin and 6 new 
derivatives isolated from the leaves of Arrabidaea 
patellifera, viz. 3'- O- p-hydroxybenzoylmangiferin, 3'- O- 
trans-coumaroylmangiferin, 6'- O- trans-coumaroylmangi-
ferin, 3'- O- trans-cinnamoylmangiferin, 3'- O- trans-caffeo-
ylmangiferin, and 3'- O-benzoylmangiferin, respectively 
have been described by Martin et al. [4]. Four of these 
compounds were also found to possess in vitro activity 
against Plasmodium falciparum. The influence of mangiferin 
on the antioxidant status of benzo (a) pyrene-induced lung 
carcinogenesis in mice was investigated by Rajendran’s 
group. These researchers found that there was a significant 
increase in the levels of glycoproteins, membrane ATPases 
and membrane lipid peroxidation in animals with lung 
carcinoma. On administration of mangiferin, these changes 
were reverted back to near normal levels. The increased 
levels of glycoprotein components found in lung carcinoma 
were also significantly decreased in mangiferin-treated 
animals. It was concluded that the anticancer effects of 
mangiferin are more pronounced when used as a 
chemopreventive agent rather than as a chemotherapeutic 
agent against B(a)P-induced lung carcinogenesis [71]. 

 Rodeiro et al. [72] investigated the effect of mangiferin 
on oxidative damages induced by toxicants in rat hepatocyte 
cultures. The compound also inhibited in vitro damages to 
rat hepatocytes. This hepatoprotective action was linked to 
the antioxidant property of mangiferin. In addition to 
antioxidant activity, Pardo-Andreu’s group has shown that, 
mangiferin can be effective in atherosclerosis conditions 
[73]. The endogenous reducing equivalents (NADPH) in 
LDLr (-/-) mice mitochondria were spared by mangiferin 
subsequently correcting the lower antioxidant capacity and 
restoring the organelle redox homeostasis. Another study 
carried out by the same group suggested that mangiferin 
enhances the excretion of iron from liver and can therefore 
be useful in iron overload associated diseases [74]. Bertolini 
et al. evaluated the antioxidant potential of mangiferin along 
with several new chemical entities to prevent reactive 
oxygen species (ROS) associated loss of activity of proteins 
employing alkaline phosphatase (ALP) as model protein 
[75]. Another study [76] highlights the application of 
antioxidant activity of mangiferin in reducing the oxidative 
stress involved in neurodegenerative disorders such as 
Parkinson’s disease. The study was conducted using murine 
neuroblastoma cell line N2A with MPP+- induced oxidative 
stress, which caused considerable cell death. The results 
indicated that mangiferin partially reversed this effect by 
quenching reactive oxygen intermediates. Prabhu et al. [77] 

studied the capacity of mangiferin related to its biochemical 
effects and antioxidant potential in isoproterenol-induced 
(ISPH) myocardial infarction (MI) in rats. It was observed 
that there was a change in the levels of antioxidant enzymes 
and non-enzymatic antioxidants in myocardial infarction rats 
whereas in the rats pre-treated intraperitoneally with 
mangiferin the antioxidant levels did not reduce. In a study 
carried out to investigate the effects of Vimang (an aqueous 
extract of Mangifera indica) on the degradation of 2-
deoxyribose, brought about by Fe(III)-EDTA plus ascorbate 
or plus hypoxanthine/xanthine oxidase, Pardo-Andreu and 
group established that Vimang prevents the degradation of 2-
deoxyribose [78]. It was concluded that the mechanism of 
action of Vimang on the degradation of 2-deoxyribose was 
not by hydroxyl radical trapping, but probably by the 
antioxidant action of complexing iron ions and thereby 
turning them inactive or inadequately active in the Fenton 
reaction. 

 Ibarretxe et al. [79] have reviewed the distinctive 
oxidative stress after excitotoxic insult in oligodendrocytes 
and neurons, and assessed the role of natural polyphenols 
like mangiferin and morin in treating this condition. Over-
stimulation of the 3-amino-5-hydroxy-4-methylisoxazole 
propionic acid (AMPA) receptors and the kainite receptors 
has different effects on oligodendrocytes. The authors 
suggest that mangiferin and morin, in nanomolar 
concentrations, can protect cell types from mild AMPA-
induced insult and can therefore be used in pathological 
conditions in which oligodendrocytes and neurons are lost. 
Remirez and colleagues have demonstrated that Vimang (an 
aqueous extract of Mangifera indica) has an inhibitory effect 
on oxidative stress in rat hepatocytes [80]. The study 
revealed that Vimang could arrest glucose-glucose oxidase 
mediated ROS formation. Simultaneously, it also prevented 
cumene hydroperoxide-induced hepatocyte cytotoxicity as 
well as lipid peroxidation in a time and dose-dependent 
manner. Additionally, it prevented generation of superoxide 
radicals caused by xanthone oxidase and hypoxanthine. Dar 
and co-workers obtained mangiferin from the methanolic 
extract of Bombax ceiba leaves and evaluated its antioxidant 
activity with EC50 value of 5.8±0.96 µg/ml or 13.74 mM in 
DPPH assay [81]. Further, mangiferin exhibited in vivo 
hepatoprotective activity in CCl4-induced liver injury. It also 
exhibited analgesic activity evaluated in acetic acid induced 
writhing and hot plate method in mice. Tang et al. [9] 
showed that a semi-purified extract of Cratoxylum 
cochinchinense can cause cell death which has some 
similarity to apoptosis. Mangiferin is one of the major 
constituents of this extract, which displays selective toxicity 
to particular cell types. In this study, Jurkat T cells were used 
and the mechanism of toxicity was outlined using flow 
cytometric analysis. It was observed that the extract initially 
induces intense oxidative stress and an increase in cytosolic 
Ca2+, subsequently leading to increase in mitochondrial Ca2+, 
release of cytochrome c, collapse of DeltaPsi(m), decrease in 
ATP levels, and finally leading to cell death. Since cell death 
is prevented by potassium ferricyanide the authors derive 
that the mechanism of oxidative stress may be associated 
with a plasma membrane redox system. 
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 Tang and co-workers obtained extracts from 33 
traditional Chinese medicines and evaluated their antioxidant 
potential [82]. Of these, extracts from Cratoxylum 
cochinchinense, Cortex magnoliae officinalis, Psoralea 
corylifolia L, Curculigo orchioides Gaertn, and Glycyrrhiza 
uralensis showed significant activity and were further 
evaluated. These tests revealed that Cratoxylum 
cochinchinense has a superior action in majority of the 
assays except phospholipid peroxidation inhibition, in which 
P. corylifolia L displayed better activity. The extract from C. 
cochinchinense markedly showed antiglycation capacity as 
well as inhibition of DNA damage, caused by hypochlorous 
acid. Sarkar et al. [67] have shown that mangiferin blocks 
tumor necrosis factor (TNF)-induced NF-κB activation and 
NF-κB-dependent genes like ICAM-1 and COX-2. These 
effects were found to be mediated through inhibition of IKK 
activation and blockade of phosphorylation and degradation 
of IkB-α. Mangiferin displayed enhanced glutathione levels 
which are known to modulate NF-κB levels along with 
decreased levels of GSSG and increase in activity of 
catalase. Depletion of GSH by buthionine sulfoximine led to 
a significant reversal of mangiferin effect. Pauletti and group 
isolated mangiferin from stems of Arrabidaea samydoides 
and evaluated its antioxidant activity in the DPPH assay. 
Mangiferin exhibited moderate free radical scavenging 
activity along with redox properties proving its antioxidant 
potential [5]. Yoshikawa et al. [83] examined the 
hepatoprotective effects of methanolic (SRM) extracts from 
the roots and stems of Salacia reticulata against CCl4-
induced liver injury in mice. The IC50 values of the extracts 
were found to be less than 10 µg/ml while mangiferin 
showed potent scavenging activity with IC50 value of 5.9 µM 
against 40 µM DPPH radicals. These results suggest that the 
antioxidant activity of the principal phenolic compounds is 
involved in the hepatoprotective activity of S. reticulata. 

 Martinez et al. [84] have explored the antioxidant role of 
a stem bark extract of Mangifera indica L. in hydroxyl-
mediated oxidation of bovine serum albumin (BSA) and in a 
hepatic microsome system. The extract was found to be 
effective in reducing the oxidation of BSA with IC50 value of 
0.0049% w/v for the inhibition of carbonyl group formation 
and lower than 0.0025% w/v for the inhibition of sulfhydryl 
group loss. Its inhibition of lipid peroxidation was initiated 
enzymatically by reduced nicotinamide adenine dinucleotide 

phosphate (NADPH). The results suggest that the extract has 
an antioxidant activity, probably due to its ability to 
scavenge free radicals involved in microsome lipid 
peroxidation. Sánchez and co-workers have conducted a 
comparative study on the protective role of Mangifera indica 
L. extract against 12-O-tetradecanoylphorbol-13-acetate 
(TPA)-induced oxidative damage and peritoneal macrophage 
activation [85]. The extracts reduced the TPA-mediated 
production of ROS by the peritoneal macrophages in a dose-
dependent manner. In the hepatic tissues, Vimang, 
mangiferin, vitamin C plus E and β-carotene decreased TPA-
induced DNA fragmentation to a great extent which also 
suggests that Vimang has bioavailability for some vital target 
organs, including liver, brain tissues, peritoneal exudate cells 
and serum. Hsu and co-workers found that norathyriol, 
which is an aglycone of mangiferin isolated from 
Tripterospermum lanceolatum, inhibits formylmethionyl-
leucyl-phenylalanine-induced respiratory burst in rat 
neutrophils in a concentration-dependent manner [86]. It was 
observed that norathyriol inhibited the O2

- generation during 
dihydroxyfumaric acid (DHF) autoxidation and in 
hypoxanthine-xanthine oxidase system. It also suppressed 
the neutrophil cytosolic phospholipase C (PLC). Based on 
these results the authors proposed that norathyriol 
contributes to the reduction of generated ROS, attenuates 
protein tyrosine phosphorylation, as well as suppresses 
NADPH oxidase through the interruption of electrons 
transport. Barreto and co-workers characterized and 
quantified the polyphenolic compounds in bark, leaves, and 
peels of Mangifera indica L., which showed variations in the 
profiles of secondary plant substances but consistency across 
cultivars [36]. The free radical scavenging activity of the 
solvent extracts, using HPLC method, revealed a dose-
dependent antioxidant capacity in all extracts. 

 On the basis of all these reports, it appears that there is 
ample evidence in support of a very potent antioxidant 
activity of mangiferin and extracts from Mangifera indica. 
Although a number of targets for such antioxidant activity 
have been proposed, as discussed above, the primary 
antioxidant mechanism of mangiferin seems to be mediated 
through scavenging of reactive oxygen species or free 
radicals, inhibition of lipid peroxidation as well as 
modulation of mitochondrial membrane potential (Table 1). 

Table 1. Targets for Antioxidant Activity of Mangiferin 

Target Study 

Reactive Oxygen Species / Free Radicals Campos-Esparza et al. [70], Rajendran et al. [71], Pardo-Andreu et al. [73], Bertolini et al. [75], Amazzal  
et al. [76], Pardo-Andreu et al. [78], Remirez et al. [80], Dar et al. [81], Sarkar et al. [67], Yoshikawa et al. 
[83], Sanchez et al. [85], Hsu et al. [86], Barreto et al. [36], Leiro et al. [97], Viswanadh et al. [19], 
Hernandez et al. [125] 

Mitochondrial Membrane Potential Lemus-Molina et al. [64], Campos-Esparza et al. [70], Pardo-Andreu et al. [73], Ibarretxe et al. [79], Tang  
et al. [9], Pardo-Andreu et al. [102] 

Glutathione Rajendran et al. [71], Rodeiro et al. [72], Pardo-Andreu et al. [74], Amazzal et al. [76], Prabhu et al. [77], 
Sarkar et al. [67], Viswanadh et al. [19] 

Lipid Oxidation Rodeiro et al. [72], Pardo-Andreu et al. [73], Pardo-Andreu et al. [74], Remirez et al. [80], Martinez et al. 
[84], Viswanadh et al. [19] 
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ii. Antiinflammatory Activity 

 Prabhu and co-workers have studied the mechanism of 
protective action of mangiferin on the suppression of 
inflammatory response, lysosomal instability and TNF-α 
production during isoproterenol-induced myocardial necrosis 
in rats [87]. The study revealed a significant increase in 
plasma TNF-α production and serum and heart lysosomal 
hydrolases activity. The compound also reduced stability of 
the membranes and lowered cathepsin-D and β-
glucuronidase in mitochondrial, nuclear, lysosomal and 
microsomal fractions. This study demonstrated that 
mangiferin can preserve lysosomal integrity through 
decreasing the inflammatory process confirming the 
cardioprotective effect of the compound. Bhatia et al. [88] 
reported that mangiferin inhibits cyclooxygenase-2 
expression and prostaglandin E2 production. Rat microglial 
cells were stimulated with 10 ng/ml of lipopolysaccharide 
LPS in the presence or absence of different concentrations 
(1-50 µM) of mangiferin. It was found that mangiferin 
markedly reduces LPS-induced prostaglandin synthesis and 
formation of 8-iso-prostaglandin F(2 α) (8-iso-PGF2 α). 
However, it did not modify LPS-mediated phosphorylation 
of p38 mitogen-activated protein kinase (p38 MAPK) nor 
did it have any effects on LPS-induced expression of 
inducible nitric oxide synthase (iNOS) or TNF-α production.  

 Garrido and co-workers investigated the protective 
effects of the Vimang from Mangifera indica L. against 
mouse ear edemas and its inhibition of eicosanoid production 
in J774 murine macrophages [89]. Vimang, when 
administered orally, reduced ear edema induced by 
arachidonic acid (AA) and phorbol myristate acetate (PMA) 
in mice and myeloperoxidase (MPO) activity. The extract 
also inhibited the induction of prostaglandin PGE (2) and 
leukotriene LTB (4) with IC50 values of 21.7 and 26.0 µg/ml, 
respectively. Ojewole et al. [90] evaluated antiinflammatory, 
analgesic and antidiabetic properties of the stem-bark 
aqueous extract of Mangifera indica L. The analgesic effect 
was investigated by hot-plate and acetic acid test models of 
pain in mice with morphine as the reference standard The 
antiinflammatory and antidiabetic effects were also studied 
in rats, using fresh egg albumin-induced paw edema, and 
streptozotocin (STZ)-induced diabetes, respectively, with 
diclofenac and chlorpropamide as respective references. The 
extract, administered i.p., exhibited dose-dependent, marked 
analgesic activity against thermal and chemical nociceptive 
pain stimuli in mice. It also significantly inhibited paw 
edema and hypoglycemic effects in rats. 

 Beltran and co-workers have studied the vascular effects 
of the Mangifera indica L. extract Vimang on the inducible 
isoforms of cyclooxygenase (cyclooxygenase-2) and nitric 
oxide synthase (iNOS) expression in Wistar Kyoto (WKY) 
and spontaneously hypertensive (SHR) rats [91]. It was 
observed that Vimang (0.5-0.1 mg/ml) and mangiferin 
(0.025 mg/ml) inhibited the interleukin-1β-induced iNOS 
expression more in SHR than in WKY, and cyclooxygenase-
2 expression more in WKY than in SHR, respectively. It was 
concluded that antiinflammatory action of Vimang may be 
associated with inhibition of iNOS and cyclooxygenase-2 
expression, but had no effect on vasoconstrictor responses. 
Leiro and co-workers found that mangiferin and other 

phenolic components of Vimang produce strong anti-
inflammatory effects by modulation of inflammation-related 
gene expression undermining macrophage activation [92]. It 
was observed that in vitro treatment with Vimang at 4 µg/ml 
reduced levels of NOS-2 mRNA and NOS-2, whereas 
treatment at 40 µg/ml also reduced levels of COX-2 mRNA, 
COX-2 and PGE2. It has been suggested that mangiferin 
could be partially responsible for the inhibition of TNF-α 
production. Further, it was observed that Vimang, at 4 µg/ml 
concentration, decreased the mRNA levels of NF-κB but did 
not affect expression of the NF-κB inhibitor, IkappaB. 
Garrido et al. investigated the role of Vimang and 
mangiferin in protection against septic shock and 
suppression of TNFα and nitric oxide (NO) production on 
macrophages and microglia [93]. In vivo studies were 
conducted on TNFα in a murine model of endotoxic shock, 
using Balb/c mice pre-treated with lipopolysaccharide (LPS). 
The results suggested that mangiferin may be associated with 
inhibition of TNFα and NO production. This group also 
showed that topical administration of Vimang reduced 
arachidonic acid (AA) and phorbol myristate acetate-induced 
ear edema as well as myeloperoxidase (MPO) activity [94]. 
Leiro and co-workers used a DNA hybridization array 
containing 96 NF-κB-related genes and reported that 
mangiferin modifies the expression profiles of genes 
involved in the mouse NF-κ B signal transduction pathway 
[95]. 

 Kumar and group investigated the effect of aqueous 
extract of Swertia chirayita stem, containing amerogentin 
and mangiferin, on the elevated pro- and antiinflammatory 
cytokines balance in primary joint synovium of arthritic mice 
[96]. Although administration of the extract in varying oral 
doses did not affect the proinflammatory cytokines on day 2, 
a dose-dependent reduction of tumor necrosis factor-alpha 
(TNF-α), interleukin-1β (IL-β), interferon-gamma (IFN-γ) 
and elevation of Interleukin-10 (IL-10) were observed in the 
joint homogenates by the 12th day. Leiro et al. demonstrated 
the O2 scavenging activity of mangiferin, its inhibition of 
expression of iNOS and TNF-α genes, and proposed its 
prospective role in the treatment of inflammatory and/or 
neurodegenerative disorders [97]. Further, it was also found 
that mangiferin augments TGF-β expression, and thus the 
possible role of mangiferin in cancer prevention, 
autoimmune disorders, atherosclerosis as well as coronary 
heart disease is highlighted. 

iii. Anticancer Activity 

 Viswanadh and co-workers have evaluated the protective 
effect of mangiferin against CdCl2-induced toxicity in mice 
[19]. The compound was administered in a single intra-
peritoneal dose of 2.5 mg/kg body weight prior to treatment 
with various concentrations of CdCl2. In the control group, 
LD50 was found to be 8.5 mg/kg body weight, while it was 
increased to 9.77 mg/kg after mangiferin treatment. In the 
CdCl2-treated mice, a dose-dependent increase in the 
frequency of micronucleated polychromatic (MnPCE) and 
normochromatic erythrocytes (MnNCE) was also observed 
concomitantly, with corresponding decrease in the 
polychromatic/normochromatic erythrocyte ratio (PCE/NCE 
ratio). Chieli et al. [98] evaluated effects of stem bark extract 
of Mangifera indica L. and related phenols (mangiferin, 
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norathyriol, catechin, quercetin and gallic acid) on P-gp 
activity in HK-2 proximal tubule cell line, constitutively 
expressing P-gp, and in a Caco-2 cell sub-line selected by 
resistance to vincristine (Caco-2/VCR) and over-expressing 
P-gp, by using rhodamine-123 accumulation as well as by 
the Calcein-AM assays. The effects on esterase activity were 
tested by Calcein-AM test. All compounds, except for 
catechin and gallic acid, inhibited P-gp activity in HK-2 cells 
and mangiferin was found to be the most potent compound. 

 Rajendran et al. [65] reported mangiferin as a potential 
chemopreventive and chemotherapeutic source in 
benzopyrene-induced lung carcinogenesis in experimental 
Swiss albino mice through its modulatory effect on increased 
mitochondrial lipid peroxidation (LPO), tricarboxylic acid 
(TCA) and electron transport chain complexes. Their 
findings indicate that animals pre-and post-treated with 
mangiferin for 18 weeks did not show any changes in these 
biochemical factors and the animals resembled those of the 
control group. Rodeiro and co-workers evaluated Cuban 
traditional medicine, which is a mixture of extracts from 
Mangifera indica L., Thalassia testudinum, Erythroxylum 
minutifolium and confusum, for its cytotoxic effects and 
alterations in the CYP450 system, using rat hepatocytes [99]. 
The results showed in vitro effects of these natural products 
on P450 systems. Cheng and co-workers found that 
mangiferin inhibited telomerase activity of K562 cells in a 
time-and-concentration-dependent manner and that it could 
induce apoptosis and up-regulate the levels of Fas in K562 
cells [100]. It was concluded that the probable mechanism 
may be related to apoptosis induction and expression of Fas 
protein. Rodeiro et al. [101] examined the genotoxicity 
potential of Vimang, using Ames, comet and micronucleus 
assays. Genotoxic effects were evaluated in blood peripheral 
lymphocytes of NMRI mice of both sexes, which were 
treated for two days with intraperitoneal doses of M. indica 
L. extract. The results suggested that the extract showed 
evidences of light cytotoxic activity but did not induce 
mutagenic or genotoxic effects. Pardo-Andreu et al. [102] 
have demonstrated that Mangifera indica L. extract, in the 
presence of 20 µM Ca(2+), induced mitochondrial 
permeability transition (MPT) in isolated rat liver 
mitochondria (assessed as CsA-sensitive mitochondrial 
swelling) closely reproducing effects similar to mangiferin. 
It was concluded that Vimang-induced MPT closely 
reproduced mangiferin effects, and it was proposed that 
mangiferin is the main agent responsible for the extract's 
MPT inducing ability. 

 Peng and co-workers have investigated the in vitro 
antiproliferative effect of mangiferin on chronic myeloid 
leukemia K562 cells using MTT assay, cell morphology, 
DNA gel electrophoresis and flow cytometry [66]. The 
results revealed that mangiferin (25 - 200 µmol/L) inhibited 
proliferation of K562 cells in a dose-dependent and time-
dependent manner, leading to apoptosis in K562 cell line. 
Guha and group evaluated mangiferin for its antitumor, 
immunomodulatory and anti-HIV effects wherein growth-
inhibitory activity against ascitic fibrosarcoma in Swiss mice 
was observed along with enhanced tumor cell cytotoxicity of 
the splenic cells and peritoneal macrophages of normal and 
tumor-bearing mice [103]. Chattopadhyay and co-workers 

have assessed mangiferin for its immunomodulatory 
potential through in vitro proliferation of murine splenocytes 
and thymocytes at the doses of 5-40 µg/ ml [104]. Higher 
doses of mangiferin exhibited suppression of the 
proliferative response. Yoshimi and co-workers examined 
the effects of mangiferin in rat colon carcinogenesis, induced 
by the chemical carcinogen, viz. azoxymethane [52]. The 
study investigated the effects of mangiferin on development 
of pre-neoplastic lesions by azoxymethane, aberrant crypt 
foci, and influence of mangiferin on tumorigenesis induced 
by azoxymethane. It was observed that mangiferin 
significantly inhibited the aberrant crypt foci development in 
rats treated with azoxymethane. In addition, the cell 
proliferation in colonic mucosa was reduced in rats treated 
with mangiferin. These results clearly suggested that 
mangiferin has potential as a naturally-occuring 
chemopreventive agent.  

 Percival and group have evaluated mangifera indica 
extract for in vitro antioxidant and anticancer activity [105]. 
Anticancer activity was measured by examining the effect on 
cell cycle kinetics and the ability to inhibit chemically 
induced neoplastic transformation of mammalian cell lines. 
Incubation of HL-60 cells with extract resulted in an 
inhibition of the cell cycle in the G0/G1 phase. Whole 
mango juice was effective in reducing the number of 
transformed foci in the neoplastic transformation assay in a 
dose-dependent manner. Recently, Garcia-Rivera and co-
workers evaluated the antiproliferative activity of Vimang 
against metastatic breast cancer cell line MDA-MB-231, by 
MTT assay [106]. The inhibition of cell growth was dose 
dependent, with IC50 values of 259 µg/ml. Similar results 
were observed in case of Caco-2 colon and HT1080 
fibrosarcoma cancer cells in the presence of Vimang, but 
with lower efficacy. Furthermore, Vimang could 
successfully inhibit the activation of marker genes involved 
in inflammation (COX2), metastasis (CXCR4), angiogenesis 
(VEGF), inhibition of apoptosis (XIAP, bcl2) and, most 
importantly, NF-κB. Norrato et al. [107] studied the 
anticancer properties of polyphenolic extracts from several 
varieties of mango (Francis, Kent, Ataulfo, Tommy Atkins 
and Haden) in cancer cell lines, including Molt-4 leukemia, 
A-549 lung, MDA-MB-231 breast, LNCaP prostate, and 
SW-480 colon cancer cells. In SW-480 colon carcinoma 
cells, Ataulfo and Haden demonstrated superior efficacy, 
followed by Kent, Francis and Tommy Atkins. Overall, it 
was observed that the extracts exerted anticancer effects 
against variety of cancer cells with great efficacy. 

 In summary, the reports on anticancer activity of 
mangiferin are beginning to emerge (Table 2). This is not 
surprising, considering the amount of information on its 
antioxidant activity. It is now widely accepted that the 
antioxidant activity of plant-derived compounds is a good 
indicator of their potent anticancer ability [108] although 
there is evidence to connect prooxidant activity with the 
anticancer ability of such compounds as well [109-111]. 
Thus, the ability to influence production of reactive oxygen 
species is crucial to the chemopreventive effect of natural 
compounds. The potent antioxidant activity of mangiferin 
clearly indicates that more mechanistic studies need to be 
designed to fully elucidate its anti-cancer potential. 
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Table 2. Model Cancer Systems where Anticancer Activity of 
Mangiferin has been Demonstrated 

Cancer Reference 

Breast Garcia-Rivera et al. [106], Noratto et al. [107] 

Colon Noratto et al. [107], Chieli et al. [98] 

Leukemia Cheng et al. [100], Peng et al. [66], Percival et al. 
[105], Noratto et al. [107] 

Lung  Rajendran et al. [71], Noratto et al. [107] 

Prostate Noratto et al. [107] 

 

iv. Antidiabetic Activity 

 Lin et al. [112] have studied the interaction of mangiferin 
with insulin and glucagon in ternary system in the presence 
and absence of another peptide, by optical spectroscopy. It 
was revealed in the fluorescence titration experiments that 
mangiferin quenched the intrinsic fluorescence of insulin and 
glucagon by static quenching. The ratios of binding 
constants of glucagon-mangiferin to insulin-mangiferin at 
different temperatures were calculated in pure and ternary 
system respectively, which showed that the peptides bind 
competitively to mangiferin. It was established by the values 
of the thermodynamic parameters and pH effect that 
hydrocarbon interactions were the key interacting forces 
between mangiferin and the peptides. Furthermore, it was 
revealed that there was a change in the conformation of 
insulin and glucagon after addition of mangiferin. Another 
study also investigated the interaction between mangiferin 
and BSA in aqueous solution by spectroscopic methods. It 
was observed that secondary structures of the protein 
changed after the interaction of mangiferin with BSA [113]. 
Li and his group have reported on the role of mangiferin in 
the prevention of diabetic nephropathy progression in 
streptozotocin-induced diabetic rats. It was observed that 
mangiferin markedly reduced the serum-advanced glycation 
end-products, malonaldehyde levels, sorbitol concentration 
of red blood cell and 24 h albuminuria excretion while it 
increased the activity of serum superoxide dismutase and 
glutathione peroxidase and creatinine clearance rate. The 
compound did not have any effect on blood glucose level. 
The glomerular extracellular matrix expansion and 
accumulation and transforming growth factor-beta 1 over-
expression in glomeruli of diabetic nephropathy rats were 
distinctly inhibited by mangiferin. In addition, the study 
showed that mangiferin inhibited high glucose-mediated 
proliferation of mesangial cells and the advanced glycation 
end products-induced over-expression of collagen type IV of 
mesangial cells [62]. 

 Girón et al. [114] have reported that mangiferin exhibits 
antidiabetic activity which is mediated by inhibiting 
intestinal α-glycosidases as well as by enhancing glucose 
transport in muscle and adipose cells. It was concluded that 
mangiferin exerts its antidiabetic effects by increasing 
GLUT4 expression and translocation in muscle cells which 
was probably mediated through two independent pathways 
that are related to 5'-AMP-activated protein kinase and 

PPAR-gamma. Ojewole et al. [90] evaluated antidiabetic 
properties of the stem-bark aqueous extract of Mangifera 
indica L. in STZ-induced diabetes mellitus. The extract 
(MIE, 50-800 mg/kg i.p.) exhibited significant hypoglycemic 
effects in rats. Huang and co-workers observed that oral 
administration of aqueous extract of the root of Salacia 
oblonga to Zucker diabetic fatty rats lowered plasma 
triglyceride and total cholesterol (TC) levels while increasing 
the plasma high-density lipoprotein levels, and reduced liver 
contents of triglyceride, non-esterified fatty acids and ratio 
of fatty droplets to total tissue [115]. The study proved that 
the extract improved postprandial hyperlipidemia and 
hepatic steatosis in rats by activation of peroxisome 
proliferator-activated receptor (PPAR)-alpha. However, the 
extract had no effect on plasma triglyceride and TC levels in 
fasted rats. In vitro, the extract and its major constituent 
mangiferin activated PPAR-alpha luciferase activity in 
human embryonic kidney 293 cells and lipoprotein lipase 
mRNA expression and enzyme activity in THP-1 
differentiated macrophages. Muruganandan and co-workers 
also noted antidiabetic, antihyperlipidemic and antiathero-
genic properties of mangiferin (isolated from the leaves of 
Mangifera indica) and indicated its use in diabetes mellitus 
related to hyperlipidemia and cardiovascular complications 
[63]. Yoshikawa and group have established that mangiferin 
inhibits sucrase, isomaltase and aldose reductase in rats 
[116]. These activities of mangiferin were found to be 
competitive for sucrase and isomaltase with inhibitor 
constant (Ki) 55 µg/ml and 70 µg /ml, respectively. Ichiki 
and co-workers have established that mangiferin and its 
glucosides (mangiferin-7-O-beta-glucoside) exhibit antidia-
betic activity in KK-Ay mice (an animal model of type-2 
diabetes) by increasing insulin sensitivity [117]. 

v. Miscellaneous Activities 

 Daud et al. have suggested that mangiferin may have 
health promoting activity in diseases related to the impaired 
formation of new blood vessels by increasing endothelial cell 
migration [118]. It was observed that this effect was not 
associated with any modification in the production of matrix 
metalloproteases-2 or 9 by the endothelial cells or due to 
effect on cell proliferation. Pardo Andreu and group have 
reported that mangiferin improves long-term object 
recognition memory in rats via increase in neurotrophin and 
cytokine levels [119]. The study also reported that 
mangiferin did not affect locomotion or motivation. Savikin 
and co-workers investigated the antimicrobial activity of 
mangiferin, isogentisin and gentiopicrin, isolated from 
methanolic extracts of flowers and leaves of Gentiana lutea 
L., on various gram-positive and gram-negative bacteria as 
well as the yeast Candida albicans with MIC values ranging 
from 0.12-0.31 mg/ml [120]. Yoshikawa and group have 
evaluated the lipolytic effects exhibited by mangiferin at 100 
mg/L (P < 0.01) and concluded that it may be involved in the 
antiobesity effects of Salacia reticulata in rats by inhibition 
of fat metabolizing enzymes (pancreatic lipase, lipoprotein 
lipase and glycerophosphate dehydrogenase) and enhanced 
lipolysis [121]. These workers proposed that the hepatopro-
tective activity of mangiferin, obtained from S. reticulata, is 
associated with its antioxidant mechanism. [83]. 
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 Lee and group have demonstrated that mangiferin 
isolated from the rhizome of Anemarrhena asphodeloides 
Bunge (family Liliaceae) inhibited IgE-antigen complex 
mediated passive cutaneous anaphylaxis reaction and 
induced pruritus in mice [2]. It was also found that 
mangiferin inhibited the expression of the pro-inflammatory 
cytokine TNF-α and the IgE-switching cytokine IL-4 along 
with transcription factor NF-κB activation in RBL-2H3 cells 
stimulated by IgE-antigen complex. Severi et al. have 
evaluated the gastroprotective effects of decoction from M. 
indica leaves in rodents. It was found that a dose of 5 g/kg 
markedly decreased the severity of gastric damage, induced 
in several gastro-protective models, with no symptoms of 
toxicity [122]. Carvalho et al. [123] have investigated the 
potential role of mangiferin in the prevention and treatment 

of periodontitis induced in Wistar rats. The compound 
reduced alveolar bone loss and inhibited COX-2 expression 
and adhesion of leukocytes while maintaining normal lipoxin 
A(4) levels. Bairy and group explored in vivo anti-bacterial 
property of mangiferin against periodontal pathogens like P. 
intermedia and P. gingivalis [124]. 

 Hernandez and group have demonstrated that the main 
constituents isolated from stem bark of Mangifera indica L 
reduce intracellular ROS and free Ca(2+) induced by T cell 
receptor triggering. [125]. Prabhu et al. [126] studied the 
effect of mangiferin on mitochondrial energy production in 
experimentally induced myocardial infarcted rats. The study 
revealed that pre-treatment with mangiferin (100 mg/kg b.w. 
i.p.) for 28 days prevented mitochondrial alterations, 
oxidation as well as restored the TCA cycle enzyme 

 

 

 

 

 

 

 

 

 

 

Fig. (2). A summary of reported biological effects of mangiferin. 

Table 3. Reported Biological Activities of Mangiferin 

Study Activity 

Dar et al. [81], Ojewole et al. [90] Analgesic 

Ojewole et al. [90], Lin et al. [112], Li et al. [62], Giron et al. [114], Huang et al. 
[115], Muruganandan et al. [63], Ichiki et al. [117] 

Antidiabetic 

Sarkar et al. [67], Prabhu et al. [87], Bhatia et al. [88], Garrido et al. [89], Ojewole et 
al. [90], Beltrán et al. [91], Leiro et al. [92], Garrido et al. [93], Garrido et al. [94], 
Leiro et al. [95], Kumar et al. [96], Leiro et al. [97], Lee et al. [2], Carvalho et al. 
[123] 

Antiinflammatory 

Guha et al. [103] Antiviral 

Savikin et al. [120] Antimicrobial 

Pardo-Andreu et al. [73] Anti-atherosclerosis 

Ang et al. [127] Protection against Bone diseases 

Prabhu et al. [77] Cardioprotective 

Percival et al. [105] Cell cycle arrest 

Severi et al. [122] Gastroprotective 

Yoshikawa et al. [83] Hepatoprotective 

Lemus-Molina et al. [64], Amazzal et al. [76] Neuroprotective 
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activities to near normal values post-ISPH administration 
and it also protected the structural integrity of the heart in 
ISPH administered rats. Osteolytic bone diseases such as 
osteoporosis have a common pathological feature in which 
osteoclastic bone resorption outstrips bone synthesis. 
Osteoclast formation and activation are regulated by receptor 
activator of NF-κB ligand. In a recent study, Ang and co-
workers showed that mangiferin inhibits osteoclast formation 
and bone resorption by attenuating RANKL-induced 
signaling [127]. Mangiferin diminished the expression of 
osteoclast marker genes, including cathepsin K, calcitonin 
receptor, DC-STAMP, and V-ATPase d2. Mechanistic 
studies revealed that mangiferin inhibits RANKL-induced 
activation of NF-κB, concomitant with the inhibition of IκB-
α degradation and p65 nuclear translocation. This study also 
revealed that mangiferin exhibits antiresorptive properties, 
suggesting potential application of mangiferin for the 
treatment and prevention of bone diseases involving 
excessive osteoclastic bone resorption, which may also be 
important for bone metastasis of human malignancies. 

CONCLUSIONS 

 From above literature review, it is quite evident that 
mangiferin exhibits wide ranging pharmacological and 
physiological activities, amongst which antioxidant (Table 1) 
and anticancer (Table 2) stand out as the prominent ones. 
Other biological activities (Fig. 2) include antimicrobial, 
antidiabetic, antiinflammatory and several other unrelated 
effects, as summarized in Table 3. Most of the mangiferin-
activities are thought to emerge from its xanthonoid structure 
with C-glucosyl linkage and polyhydroxy component of the 
molecule, although mechanistic explanation of this still 
largely remains unexplored. In cancer research, the property 
of mangiferin appears to be particularly appealing because of 
its ability to modulate multiple molecular targets (Fig. 3), 
including NF-κB signaling. For many years our laboratory 
has been interested in elucidating the molecular 
mechanism(s) of modulation of NF-κB signaling pathway as 
a determinant of anticancer potential of novel anticancer 
agents. Our investigations have revealed that inhibition of 
NF-κB signaling pathway is a major molecular event 
associated with the activity of most of the known 
chemopreventive natural compounds [128-135]. NF-κB 
signaling is known to play a key role in the proliferation, 
invasion and metastasis of cancer cells; it is involved in 
crosstalk with several other known oncogenic pathways, and 
therefore, it is an attractive target for anticancer therapeutics 
[136-140].  

 

 

 

 

 

 

 

 

Fig. (3). Molecular targets of mangiferin. 

 As it is evident from the survey of the literature, the 
anticancer potential of mangiferin is just beginning to be 
elucidated. The connection between anticancer and 
antioxidant/antiinflammatory/ antidiabetic properties is now 
well understood [139,141] and, hopefully, it is just a matter 
of time before innovative reports on the mechanism of 
anticancer effects of mangiferin will emerge. The plant 
Mangifera indica, from which mangiferin is extracted, has 
traditionally been cultivated for the commercial value of the 
mango fruit, which is considered as the undisputed king of 
all fruits; however, the extraction of mangiferin from mango 
leaves will provide a rich source of the supply of mangiferin 
provided it becomes cost-effective compared to synthetic 
mangiferin in the future. The available literature on the 
biological activity indicates that the plant is a good source 
not only for its fruit but also for the medicinal properties 
exhibited by its extracts, which have been used from ancient 
times for the treatment of various diseases. The present 
review should thus motivate researchers to explore novel 
pharmacological and medicinal properties of mangiferin.  

CONFLICT OF INTEREST 

 None declared. 

ACKNOWLEDGEMENT 

 None declared. 

REFERENCES 
[1] Pardo-Andreu, G. L.; Sanchez-Baldoquin, C.; vila-Gonzalez, R.; 

Yamamoto, E. T.; Revilla, A.; Uyemura, S. A.; Naal, Z.; Delgado, 
R.; Curti, C. Interaction of Vimang (Mangifera indica L. extract) 
with Fe(III) improves its antioxidant and cytoprotecting activity. 
Pharmacol. Res. 2006, 54 (5), 389-395. 

[2] Lee, B.; Trung, T. H.; Bae, E. A.; Jung, K.; Kim, D. H. Mangiferin 
inhibits passive cutaneous anaphylaxis reaction and pruritus in 
mice. Planta Med 2009, 75 (13), 1415-1417. 

[3] Danthu, P.; Lubrano, C.; Flavet, L.; Rahajanirina, V.; Behra, O.; 
Fromageot, C.; Rabevohitra, R.; Roger, E. Biological factors 
influencing production of xanthones in Aphloia theiformis. Chem. 
Biodivers. 2010, 7 (1), 140-150. 

[4] Martin, F.; Hay, A. E.; Cressend, D.; Reist, M.; Vivas, L.; Gupta, 
M. P.; Carrupt, P. A.; Hostettmann, K. Antioxidant C-
Glucosylxanthones from the Leaves of Arrabidaea patellifera. J 
Nat. Prod. 2008. 

[5] Pauletti, P. M.; Castro-Gamboa, I.; Siqueira Silva, D. H.; Young, 
M. C.; Tomazela, D. M.; Eberlin, M. N.; da, S. B., V New 
antioxidant C-glucosylxanthones from the stems of Arrabidaea 
samydoides. J Nat. Prod. 2003, 66 (10), 1384-1387. 

[6] Bowen, I. H.; Jackson, B. P.; Motawe, H. M. An Investigation of 
the Stem Bark of Bersama abyssinica. Planta Med 1985, 51 (6), 
483-487. 

[7] Faizi, S.; Zikr-Ur-Rehman, S.; Ali, M.; Naz, A. Temperature and 
solvent dependent NMR studies on mangiferin and complete NMR 
spectral assignments of its acyl and methyl derivatives. Magn 
Reson. Chem. 2006, 44 (9), 838-844. 

[8] Shahat, A. A.; Hassan, R. A.; Nazif, N. M.; Van, M. S.; Pieters, L.; 
Hammuda, F. M.; Vlietinck, A. J. Isolation of mangiferin from 
Bombax malabaricum and structure revision of shamimin. Planta 
Med 2003, 69 (11), 1068-1070. 

[9] Tang, S. Y.; Whiteman, M.; Jenner, A.; Peng, Z. F.; Halliwell, B. 
Mechanism of cell death induced by an antioxidant extract of 
Cratoxylum cochinchinense (YCT) in Jurkat T cells: the role of 
reactive oxygen species and calcium. Free Radic. Biol. Med 2004, 
36 (12), 1588-1611. 

[10] Bock, C.; Waldmann, K. H.; Ternes, W. Mangiferin and hesperidin 
metabolites are absorbed from the gastrointestinal tract of pigs after 
oral ingestion of a Cyclopia genistoides (honeybush tea) extract. 
Nutr. Res. 2008, 28 (12), 879-891. 



422    Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 5 Vyas et al. 

[11] Joubert, E.; Manley, M.; Maicu, C.; de, B. D. Effect of pre-drying 
treatments and storage on color and phenolic composition of green 
honeybush (Cyclopia subternata) herbal tea. J Agric. Food Chem. 
2010, 58 (1), 338-344. 

[12] Huang, H. B.; Li, X. J.; Ling, Q. Y. [RP-HPLC determination of 
mangiferin in the leafs of Folium mangiferae sampled in different 
months and regions]. Zhongguo Zhong. Yao Za Zhi. 2003, 28 (9), 
839-841. 

[13] Li, J.; Tong, Y. Y. [Determination of active constituents in shi-wei 
(Folium Pyrrosiae) by high performance liquid chromatography]. 
Yao Xue. Xue. Bao. 1992, 27 (2), 153-156. 

[14] Menkovic, N.; Savikin-Fodulovic, K.; Momcilovic, I.; Grubisic, D. 
Quantitative determination of secoiridoid and gamma-pyrone 
compounds in Gentiana lutea cultured in vitro. Planta Med 2000, 
66 (1), 96-98. 

[15] Lacaille-Dubois, M. A.; Galle, K.; Wagner, H. Secoiridoids and 
xanthones from Gentianella nitida. Planta Med 1996, 62 (4), 365-
368. 

[16] Ferrari, J.; Terreaux, C.; Sahpaz, S.; Msonthi, J. D.; Wolfender, J. 
L.; Hostettmann, K. Benzophenone glycosides from Gnidia 
involucrata. Phytochemistry 2000, 54 (8), 883-889. 

[17] Jurgenliemk, G.; Nahrstedt, A. Phenolic compounds from 
Hypericum perforatum. Planta Med 2002, 68 (1), 88-91. 

[18] Zhang, Y. B.; Xu, X. J.; Liu, H. M. Chemical constituents from 
Mahkota dewa. J Asian Nat. Prod. Res. 2006, 8 (1-2), 119-123. 

[19] Viswanadh, E. K.; Rao, B. N.; Rao, B. S. Antigenotoxic effect of 
mangiferin and changes in antioxidant enzyme levels of Swiss 
albino mice treated with cadmium chloride. Hum. Exp. Toxicol. 
2010, 29 (5), 409-418. 

[20] Li, X.; Ohtsuki, T.; Shindo, S.; Sato, M.; Koyano, T.; Preeprame, 
S.; Kowithayakorn, T.; Ishibashi, M. Mangiferin identified in a 
screening study guided by neuraminidase inhibitory activity. Planta 
Med 2007, 73 (11), 1195-1196. 

[21] Matsuda, H.; Tokunaga, M.; Iwahashi, H.; Naruto, S.; Yagi, H.; 
Masuko, T.; Kubo, M. Studies on palauan medicinal herbs. II. 
Activation of mouse macrophages RAW 264.7 by Ongael, leaves 
of Phaleria cumingii (Meisn.) F. Vill. and its acylglucosylsterols. 
Biol. Pharm. Bull. 2005, 28 (5), 929-933. 

[22] Oshimi, S.; Zaima, K.; Matsuno, Y.; Hirasawa, Y.; Iizuka, T.; 
Studiawan, H.; Indrayanto, G.; Zaini, N. C.; Morita, H. Studies on 
the constituents from the fruits of Phaleria macrocarpa. J Nat. Med 
2008, 62 (2), 207-210. 

[23] Si, X.; Wei, S.; Xu, X.; Fang, X.; Wu, W. [Chemical constituents in 
the leaves of Mangifera persiciformis C.Y. Wu et Y.L. Ming]. 
Zhongguo Zhong. Yao Za Zhi. 1995, 20 (5), 295-6, 320. 

[24] Wu, J. F.; Chen, S. B.; Gao, J. C.; Song, H. L.; Wu, L. J.; Chen, S. 
L.; Tu, P. F. Xanthone glycosides from herbs of Polygala 
hongkongensis Hemsl and their antioxidant activities. J Asian Nat. 
Prod. Res. 2008, 10 (7-8), 673-678. 

[25] Zheng, X.; Xu, Y.; Xu, J. [Chemical studies on Pyrrosia gralla 
(Gies.) Ching]. Zhongguo Zhong. Yao Za Zhi. 1998, 23 (2), 98-99. 

[26] Xu, L.; Li, A.; Sun, A.; Liu, R. Preparative isolation of 
neomangiferin and mangiferin from Rhizoma anemarrhenae by 
high-speed countercurrent chromatography using ionic liquids as a 
two-phase solvent system modifier. J Sep. Sci. 2010, 33 (1), 31-36. 

[27] Li, J.; Li, W. Z.; Huang, W.; Cheung, A. W.; Bi, C. W.; Duan, R.; 
Guo, A. J.; Dong, T. T.; Tsim, K. W. Quality evaluation of 
Rhizoma Belamcandae (Belamcanda chinensis (L.) DC.) by using 
high-performance liquid chromatography coupled with diode array 
detector and mass spectrometry. J Chromatogr. A 2009, 1216 (11), 
2071-2078. 

[28] Yuan, G.; Yi, Y. [Studies on chemical constituents of the roots of 
Salacia hainanensis]. Zhong. Yao Cai. 2005, 28 (1), 27-29. 

[29] He, L.; Qi, Y.; Rong, X.; Jiang, J.; Yang, Q.; Yamahara, J.; 
Murray, M.; Li, Y. The Ayurvedic medicine Salacia oblonga 
attenuates diabetic renal fibrosis in rats: suppression of angiotensin 
II/AT1 signaling. Evid. Based. Complement Alternat. Med 2009. 

[30] Im, R.; Mano, H.; Matsuura, T.; Nakatani, S.; Shimizu, J.; Wada, 
M. Mechanisms of blood glucose-lowering effect of aqueous 
extract from stems of Kothala himbutu (Salacia reticulata) in the 
mouse. J Ethnopharmacol. 2009, 121 (2), 234-240. 

[31] Zhou, H. M.; Liu, Y. L. [Structure of swertiamacroside from 
Swertia macrosperma C.B. Clark]. Yao Xue. Xue. Bao. 1990, 25 
(2), 123-126. 

[32] Suryawanshi, S.; Asthana, R. K.; Gupta, R. C. Assessment of 
systemic interaction between Swertia chirata extract and its 
Bioactive constituents in rabbits. Phytother. Res. 2009, 23 (7), 
1036-1038. 

[33] Cao, Y.; Wang, Y.; Ye, J. Differentiation of Swertia Mussotii 
Franch from Artemisiae Capillaris Herba by capillary 
electrophoresis with electrochemical detection. J Pharm. Biomed. 
Anal. 2005, 39 (1-2), 60-65. 

[34] Zhang, X. Q.; Huang, F. J.; Chen, J. C.; Liu, Y. W. [Determination 
of three glycosides from herbs of Swertia punicea by RP-HPLC]. 
Zhongguo Zhong. Yao Za Zhi. 2007, 32 (12), 1184-1186. 

[35] Wada, H.; Shimizu, Y.; Tanaka, N.; Cambie, R. C.; Braggins, J. E. 
Chemical and chemotaxonomical studies of ferns. LXXXVII. 
Constituents of Trichomanes reniforme. Chem. Pharm. Bull. 
(Tokyo) 1995, 43 (3), 461-465. 

[36] Barreto, J. C.; Trevisan, M. T.; Hull, W. E.; Erben, G.; de Brito, E. 
S.; Pfundstein, B.; Wurtele, G.; Spiegelhalder, B.; Owen, R. W. 
Characterization and quantitation of polyphenolic compounds in 
bark, kernel, leaves, and peel of mango (Mangifera indica L.). J 
Agric. Food Chem. 2008, 56 (14), 5599-5610. 

[37] Nong, C.; He, W.; Fleming, D.; Pan, L.; Huang, H. Capillary 
electrophoresis analysis of mangiferin extracted from Mangifera 
indica L. bark and Mangifera persiciformis C.Y. Wu et T.L. Ming 
leaves. J Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2005, 
826 (1-2), 226-231. 

[38] da Cruz, J.; de Moraes, L.; dos Santos, M.; da Silva, G.; Brigagao, 
M.; Ellena, J.; Doriguetto, A. Crystalline Structure of Mangiferin, a 
C-Glycosyl-Substituted 9H-Xanthen-9-one Isolated from the Stem 
Bark of Mangifera indica. HCA 2008, 91 (1), 144-154. 

[39] Nunez Selles, A. J.; Velez Castro, H. T.; guero-Aguero, J.; 
Gonzalez-Gonzalez, J.; Naddeo, F.; De, S. F.; Rastrelli, L. Isolation 
and quantitative analysis of phenolic antioxidants, free sugars, and 
polyols from mango (Mangifera indica L.) stem bark aqueous 
decoction used in Cuba as a nutritional supplement. J Agric. Food 
Chem. 2002, 50 (4), 762-766. 

[40] Schieber, A.; Berardini, N.; Carle, R. Identification of flavonol and 
xanthone glycosides from mango (Mangifera indica L. Cv. 
"Tommy Atkins") peels by high-performance liquid 
chromatography-electrospray ionization mass spectrometry. J 
Agric. Food Chem. 2003, 51 (17), 5006-5011. 

[41] Gowda, N.; Kumar, P.; Panghal, S.; Rajshree, M. ICH guidance in 
practice: validated reversed-phase HPLC method for the 
determination of active mangiferin from extracts of Mangifera 
indica Linn. J Chromatogr. Sci. 2010, 48 (2), 156-160. 

[42] Muruganandan, S.; Gupta, S.; Kataria, M.; Lal, J.; Gupta, P. K. 
Mangiferin protects the streptozotocin-induced oxidative damage to 
cardiac and renal tissues in rats. Toxicology 2002, 176 (3), 165-173. 

[43] Desai PD; Ganguly AK; Govindachari TR; Joshi BS; Kamat VN; 
ManmadeAH; Mohamed PA; Nagle SK; Nayak RH; Saksena AK; 
Sathe SS; Vishwanathan N Chemical investigation of some Indian 
plants: Part II. Indian Journal of Chemistry 1966, 4, 457-549. 

[44] El Ansari MA; Reddy KK; Sastry KNS; Nayudamma Y 
Dicotyledonae, anacardiaceae polyphenols of Mangifera indica. 
Phytochemistry 1971, 10, 2239-2241. 

[45] Bhatia VK; Ramanathan JD; Seshadri TR Constitution of 
mangiferin. Tetrahedron 1967, 23, 1363-1368. 

[46] El Ansari MA; Rajadurai S; Nayudamma Y Studies on the 
polyphenols of Mangifera indica bark. Leather Science 1967, 14, 
247-251. 

[47] Ramanathan JD; Seshadri TR Constitution of mangiferin. Current 
Science 1960, 29, 131-132. 

[48] Nigam SK; Mitra CR Constituents of mango (Mangifera indica) 
roots. Indian Journal of Chemistry 1964, 2, 378-379. 

[49] Hostettmann, K.; Wagner, H. Xanthone glycosides. Phytochemistry 
1977, 16 (7), 821-829. 

[50] Richardson, P. M. The taxonomic significance of C-
glycosylxanthones in flowering plants. Biochemical Systematics 
and Ecology 1983, 11 (4), 371-375. 

[51] Richardson, P. M. The taxonomic significance of xanthones in 
ferns. Biochemical Systematics and Ecology 1984, 12 (1), 1-6. 

[52] Yoshimi, N.; Matsunaga, K.; Katayama, M.; Yamada, Y.; Kuno, 
T.; Qiao, Z.; Hara, A.; Yamahara, J.; Mori, H. The inhibitory 
effects of mangiferin, a naturally occurring glucosylxanthone, in 
bowel carcinogenesis of male F344 rats. Cancer Lett. 2001, 163 
(2), 163-170. 



Medicinal Properties of Mangiferin Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 5    423 

[53] Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J. 
Experimental and computational approaches to estimate solubility 
and permeability in drug discovery and development settings. Adv. 
Drug Deliv. Rev. 2001, 46 (1-3), 3-26. 

[54] Nuñez-Selles AJ Antioxidant therapy: Myth or reality? Journal of 
the Brazilian Chemical Society 2005, 16, 699-710. 

[55] Wang, Z.; Wang, R.; Tian, J.; Zhao, B.; Wei, X. F.; Su, Y. L.; Li, 
C. Y.; Cao, S. G.; Ji, T. F.; Wang, L. The effect of ultrasound on 
lipase-catalyzed regioselective acylation of mangiferin in non-
aqueous solvents. J Asian Nat. Prod. Res. 2010, 12 (1), 56-63. 

[56] Wu, Z.; Wei, G.; Lian, G.; Yu, B. Synthesis of mangiferin, 
isomangiferin, and homomangiferin. J Org. Chem. 2010, 75 (16), 
5725-5728. 

[57] Yue, Y.; Chen, X.; Qin, J.; Yao, X. Characterization of the 
mangiferin-human serum albumin complex by spectroscopic and 
molecular modeling approaches. J Pharm. Biomed. Anal. 2009, 49 
(3), 753-759. 

[58] Pardo-Andreu, G. L.; Sanchez-Baldoquin, C.; vila-Gonzalez, R.; 
Delgado, R.; Naal, Z.; Curti, C. Fe(III) improves antioxidant and 
cytoprotecting activities of mangiferin. Eur. J Pharmacol. 2006, 
547 (1-3), 31-36. 

[59] Pardo-Andreu, G. L.; Cavalheiro, R. A.; Dorta, D. J.; Naal, Z.; 
Delgado, R.; Vercesi, A. E.; Curti, C. Fe(III) shifts the 
mitochondria permeability transition-eliciting capacity of 
mangiferin to protection of organelle. J Pharmacol. Exp. Ther. 
2007, 320 (2), 646-653. 

[60] Andreu, G. P.; Delgado, R.; Velho, J. A.; Curti, C.; Vercesi, A. E. 
Iron complexing activity of mangiferin, a naturally occurring 
glucosylxanthone, inhibits mitochondrial lipid peroxidation 
induced by Fe2+-citrate. Eur. J Pharmacol. 2005, 513 (1-2), 47-55. 

[61] Satish Rao, B. S.; Sreedevi, M. V.; Nageshwar, R. B. 
Cytoprotective and antigenotoxic potential of Mangiferin, a 
glucosylxanthone against cadmium chloride induced toxicity in 
HepG2 cells. Food Chem. Toxicol. 2009, 47 (3), 592-600. 

[62] Li, X.; Cui, X.; Sun, X.; Li, X.; Zhu, Q.; Li, W. Mangiferin 
prevents diabetic nephropathy progression in streptozotocin-
induced diabetic rats. Phytother. Res. 2010, 24 (6), 893-899. 

[63] Muruganandan, S.; Srinivasan, K.; Gupta, S.; Gupta, P. K.; Lal, J. 
Effect of mangiferin on hyperglycemia and atherogenicity in 
streptozotocin diabetic rats. J Ethnopharmacol. 2005, 97 (3), 497-
501. 

[64] Lemus-Molina, Y.; Sanchez-Gomez, M. V.; gado-Hernandez, R.; 
Matute, C. Mangifera indica L. extract attenuates glutamate-
induced neurotoxicity on rat cortical neurons. Neurotoxicology 
2009, 30 (6), 1053-1058. 

[65] Rajendran, P.; Ekambaram, G.; Sakthisekaran, D. Effect of 
mangiferin on benzo(a)pyrene induced lung carcinogenesis in 
experimental Swiss albino mice. Nat. Prod. Res. 2008, 22 (8), 672-
680. 

[66] Peng, Z. G.; Luo, J.; Xia, L. H.; Chen, Y.; Song, S. J. [CML cell 
line K562 cell apoptosis induced by mangiferin]. Zhongguo Shi 
Yan. Xue. Ye. Xue. Za Zhi. 2004, 12 (5), 590-594. 

[67] Sarkar, A.; Sreenivasan, Y.; Ramesh, G. T.; Manna, S. K. beta-D-
Glucoside suppresses tumor necrosis factor-induced activation of 
nuclear transcription factor kappaB but potentiates apoptosis. J 
Biol. Chem. 2004, 279 (32), 33768-33781. 

[68] Darvesh, A. S.; Carroll, R. T.; Bishayee, A.; Geldenhuys, W. J.; 
Van der Schyf, C. J. Oxidative stress and Alzheimer's disease: 
dietary polyphenols as potential therapeutic agents. Expert. Rev. 
Neurother. 2010, 10 (5), 729-745. 

[69] Manthey, J. A.; Perkins-Veazie, P. Influences of harvest date and 
location on the levels of beta-carotene, ascorbic acid, total phenols, 
the in vitro antioxidant capacity, and phenolic profiles of five 
commercial varieties of mango (Mangifera indica L.). J Agric. 
Food Chem. 2009, 57 (22), 10825-10830. 

[70] Campos-Esparza, M. R.; Sanchez-Gomez, M. V.; Matute, C. 
Molecular mechanisms of neuroprotection by two natural 
antioxidant polyphenols. Cell Calcium 2009, 45 (4), 358-368. 

[71] Rajendran, P.; Ekambaram, G.; Sakthisekaran, D. Cytoprotective 
effect of mangiferin on benzo(a)pyrene-induced lung 
carcinogenesis in swiss albino mice. Basic Clin. Pharmacol. 
Toxicol. 2008, 103 (2), 137-142. 

[72] Rodeiro, I.; Donato, M. T.; Martinez, I.; Hernandez, I.; Garrido, G.; 
Gonzalez-Lavaut, J. A.; Menendez, R.; Laguna, A.; Castell, J. V.; 
Gomez-Lechon, M. J. Potential hepatoprotective effects of new 

Cuban natural products in rat hepatocytes culture. Toxicol. In Vitro 
2008, 22 (5), 1242-1249. 

[73] Pardo-Andreu, G. L.; Paim, B. A.; Castilho, R. F.; Velho, J. A.; 
Delgado, R.; Vercesi, A. E.; Oliveira, H. C. Mangifera indica L. 
extract (Vimang) and its main polyphenol mangiferin prevent 
mitochondrial oxidative stress in atherosclerosis-prone 
hypercholesterolemic mouse. Pharmacol. Res. 2008, 57 (5), 332-
338. 

[74] Pardo-Andreu, G. L.; Barrios, M. F.; Curti, C.; Hernandez, I.; 
Merino, N.; Lemus, Y.; Martinez, I.; Riano, A.; Delgado, R. 
Protective effects of Mangifera indica L extract (Vimang), and its 
major component mangiferin, on iron-induced oxidative damage to 
rat serum and liver. Pharmacol. Res. 2008, 57 (1), 79-86. 

[75] Bertolini, F.; Novaroli, L.; Carrupt, P. A.; Reist, M. Novel 
screening assay for antioxidant protection against peroxyl radical-
induced loss of protein function. J Pharm. Sci. 2007, 96 (11), 2931-
2944. 

[76] Amazzal, L.; Lapotre, A.; Quignon, F.; Bagrel, D. Mangiferin 
protects against 1-methyl-4-phenylpyridinium toxicity mediated by 
oxidative stress in N2A cells. Neurosci. Lett. 2007, 418 (2), 159-
164. 

[77] Prabhu, S.; Jainu, M.; Sabitha, K. E.; Devi, C. S. Role of 
mangiferin on biochemical alterations and antioxidant status in 
isoproterenol-induced myocardial infarction in rats. J 
Ethnopharmacol. 2006, 107 (1), 126-133. 

[78] Pardo-Andreu, G. L.; Delgado, R.; Nunez-Selles, A. J.; Vercesi, A. 
E. Mangifera indica L. extract (Vimang) inhibits 2-deoxyribose 
damage induced by Fe (III) plus ascorbate. Phytother. Res. 2006, 
20 (2), 120-124. 

[79] Ibarretxe, G.; Sanchez-Gomez, M. V.; Campos-Esparza, M. R.; 
Alberdi, E.; Matute, C. Differential oxidative stress in 
oligodendrocytes and neurons after excitotoxic insults and 
protection by natural polyphenols. Glia 2006, 53 (2), 201-211. 

[80] Remirez, D.; Tafazoli, S.; Delgado, R.; Harandi, A. A.; O'Brien, P. 
J. Preventing hepatocyte oxidative stress cytotoxicity with 
Mangifera indica L. extract (Vimang). Drug Metabol. Drug 
Interact. 2005, 21 (1), 19-29. 

[81] Dar, A.; Faizi, S.; Naqvi, S.; Roome, T.; Zikr-Ur-Rehman, S.; Ali, 
M.; Firdous, S.; Moin, S. T. Analgesic and antioxidant activity of 
mangiferin and its derivatives: the structure activity relationship. 
Biol. Pharm. Bull. 2005, 28 (4), 596-600. 

[82] Tang, S. Y.; Whiteman, M.; Peng, Z. F.; Jenner, A.; Yong, E. L.; 
Halliwell, B. Characterization of antioxidant and antiglycation 
properties and isolation of active ingredients from traditional 
chinese medicines. Free Radic. Biol. Med 2004, 36 (12), 1575-
1587. 

[83] Yoshikawa, M.; Ninomiya, K.; Shimoda, H.; Nishida, N.; Matsuda, 
H. Hepatoprotective and antioxidative properties of Salacia 
reticulata: preventive effects of phenolic constituents on CCl4-
induced liver injury in mice. Biol. Pharm. Bull. 2002, 25 (1), 72-76. 

[84] Martinez, G.; Giuliani, A.; Leon, O. S.; Perez, G.; Nunez Selles, A. 
J. Effect of Mangifera indica L. extract (QF808) on protein and 
hepatic microsome peroxidation. Phytother. Res. 2001, 15 (7), 581-
585. 

[85] Sanchez, G. M.; Re, L.; Giuliani, A.; Nunez-Selles, A. J.; Davison, 
G. P.; Leon-Fernandez, O. S. Protective effects of Mangifera indica 
L. extract, mangiferin and selected antioxidants against TPA-
induced biomolecules oxidation and peritoneal macrophage 
activation in mice. Pharmacol. Res. 2000, 42 (6), 565-573. 

[86] Hsu, M. F.; Raung, S. L.; Tsao, L. T.; Lin, C. N.; Wang, J. P. 
Examination of the inhibitory effect of norathyriol in 
formylmethionyl-leucyl-phenylalanine-induced respiratory burst in 
rat neutrophils. Free Radic. Biol. Med 1997, 23 (7), 1035-1045. 

[87] Prabhu, S.; Narayan, S.; Devi, C. S. Mechanism of protective 
action of mangiferin on suppression of inflammatory response and 
lysosomal instability in rat model of myocardial infarction. 
Phytother. Res. 2009, 23 (6), 756-760. 

[88] Bhatia, H. S.; Candelario-Jalil, E.; de Oliveira, A. C.; Olajide, O. 
A.; Martinez-Sanchez, G.; Fiebich, B. L. Mangiferin inhibits 
cyclooxygenase-2 expression and prostaglandin E2 production in 
activated rat microglial cells. Arch. Biochem. Biophys. 2008, 477 
(2), 253-258. 

[89] Garrido, G.; Gonzalez, D.; Lemus, Y.; Delporte, C.; Delgado, R. 
Protective effects of a standard extract of Mangifera indica L. 
(VIMANG) against mouse ear edemas and its inhibition of 



424    Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 5 Vyas et al. 

eicosanoid production in J774 murine macrophages. 
Phytomedicine. 2006, 13 (6), 412-418. 

[90] Ojewole, J. A. Antiinflammatory, analgesic and hypoglycemic 
effects of Mangifera indica Linn. (Anacardiaceae) stem-bark 
aqueous extract. Methods Find. Exp. Clin. Pharmacol. 2005, 27 
(8), 547-554. 

[91] Beltran, A. E.; Alvarez, Y.; Xavier, F. E.; Hernanz, R.; Rodriguez, 
J.; Nunez, A. J.; Alonso, M. J.; Salaices, M. Vascular effects of the 
Mangifera indica L. extract (Vimang). Eur. J Pharmacol. 2004, 
499 (3), 297-305. 

[92] Leiro, J.; Garcia, D.; Arranz, J. A.; Delgado, R.; Sanmartin, M. L.; 
Orallo, F. An Anacardiaceae preparation reduces the expression of 
inflammation-related genes in murine macrophages. Int. 
Immunopharmacol. 2004, 4 (8), 991-1003. 

[93] Garrido, G.; Delgado, R.; Lemus, Y.; Rodriguez, J.; Garcia, D.; 
Nunez-Selles, A. J. Protection against septic shock and suppression 
of tumor necrosis factor alpha and nitric oxide production on 
macrophages and microglia by a standard aqueous extract of 
Mangifera indica L. (VIMANG). Role of mangiferin isolated from 
the extract. Pharmacol. Res. 2004, 50 (2), 165-172. 

[94] Garrido, G.; Gonzalez, D.; Lemus, Y.; Garcia, D.; Lodeiro, L.; 
Quintero, G.; Delporte, C.; Nunez-Selles, A. J.; Delgado, R. In vivo 
and in vitro anti-inflammatory activity of Mangifera indica L. 
extract (VIMANG). Pharmacol. Res. 2004, 50 (2), 143-149. 

[95] Leiro, J.; Arranz, J. A.; Yanez, M.; Ubeira, F. M.; Sanmartin, M. 
L.; Orallo, F. Expression profiles of genes involved in the mouse 
nuclear factor-kappa B signal transduction pathway are modulated 
by mangiferin. Int. Immunopharmacol. 2004, 4 (6), 763-778. 

[96] Kumar, I. V.; Paul, B. N.; Asthana, R.; Saxena, A.; Mehrotra, S.; 
Rajan, G. Swertia chirayita mediated modulation of interleukin-
1beta, interleukin-6, interleukin-10, interferon-gamma, and tumor 
necrosis factor-alpha in arthritic mice. Immunopharmacol. 
Immunotoxicol. 2003, 25 (4), 573-583. 

[97] Leiro, J. M.; Alvarez, E.; Arranz, J. A.; Siso, I. G.; Orallo, F. In 
vitro effects of mangiferin on superoxide concentrations and 
expression of the inducible nitric oxide synthase, tumour necrosis 
factor-alpha and transforming growth factor-beta genes. Biochem. 
Pharmacol. 2003, 65 (8), 1361-1371. 

[98] Chieli, E.; Romiti, N.; Rodeiro, I.; Garrido, G. In vitro effects of 
Mangifera indica and polyphenols derived on ABCB1/P-
glycoprotein activity. Food Chem. Toxicol. 2009, 47 (11), 2703-
2710. 

[99] Rodeiro, I.; Donato, M. T.; Lahoz, A.; Gonzalez-Lavaut, J. A.; 
Laguna, A.; Castell, J. V.; Delgado, R.; Gomez-Lechon, M. J. 
Modulation of P450 enzymes by Cuban natural products rich in 
polyphenolic compounds in rat hepatocytes. Chem. Biol. Interact. 
2008, 172 (1), 1-10. 

[100] Cheng, P.; Peng, Z. G.; Yang, J.; Song, S. J. [The effect of 
mangiferin on telomerase activity and apoptosis in leukemic K562 
cells]. Zhong. Yao Cai. 2007, 30 (3), 306-309. 

[101] Rodeiro, I.; Cancino, L.; Gonzalez, J. E.; Morffi, J.; Garrido, G.; 
Gonzalez, R. M.; Nunez, A.; Delgado, R. Evaluation of the 
genotoxic potential of Mangifera indica L. extract (Vimang), a new 
natural product with antioxidant activity. Food Chem. Toxicol. 
2006, 44 (10), 1707-1713. 

[102] Pardo-Andreu, G. L.; Dorta, D. J.; Delgado, R.; Cavalheiro, R. A.; 
Santos, A. C.; Vercesi, A. E.; Curti, C. Vimang (Mangifera indica 
L. extract) induces permeability transition in isolated mitochondria, 
closely reproducing the effect of mangiferin, Vimang's main 
component. Chem. Biol. Interact. 2006, 159 (2), 141-148. 

[103] Guha, S.; Ghosal, S.; Chattopadhyay, U. Antitumor, 
immunomodulatory and anti-HIV effect of mangiferin, a naturally 
occurring glucosylxanthone. Chemotherapy 1996, 42 (6), 443-451. 

[104] Chattopadhyay, U.; Das, S.; Guha, S.; Ghosal, S. Activation of 
lymphocytes of normal and tumor bearing mice by mangiferin, a 
naturally occurring glucosylxanthone. Cancer Lett. 1987, 37 (3), 
293-299. 

[105] Percival, S. S.; Talcott, S. T.; Chin, S. T.; Mallak, A. C.; Lounds-
Singleton, A.; Pettit-Moore, J. Neoplastic transformation of 
BALB/3T3 cells and cell cycle of HL-60 cells are inhibited by 
mango (Mangifera indica L.) juice and mango juice extracts. J 
Nutr. 2006, 136 (5), 1300-1304. 

[106] Garcia-Rivera, D.; Delgado, R.; Bougarne, N.; Haegeman, G.; 
Berghe, W. V. Gallic acid indanone and mangiferin xanthone are 
strong determinants of immunosuppressive anti-tumour effects of 

Mangifera indica L. bark in MDA-MB231 breast cancer cells. 
Cancer Lett. 2011, 305 (1), 21-31. 

[107] Noratto, G. D.; Bertoldi, M. C.; Krenek, K.; Talcott, S. T.; 
Stringheta, P. C.; Mertens-Talcott, S. U. Anticarcinogenic effects 
of polyphenolics from mango (Mangifera indica) varieties. J Agric. 
Food Chem. 2010, 58 (7), 4104-4112. 

[108] Hadi, S. M.; Asad, S. F.; Singh, S.; Ahmad, A. Putative mechanism 
for anticancer and apoptosis-inducing properties of plant-derived 
polyphenolic compounds. IUBMB. Life 2000, 50 (3), 167-171. 

[109] Ahmad, A.; Farhan, A. S.; Singh, S.; Hadi, S. M. DNA breakage by 
resveratrol and Cu(II): reaction mechanism and bacteriophage 
inactivation. Cancer Lett. 2000, 154 (1), 29-37. 

[110] Hadi, S. M.; Ullah, M. F.; Azmi, A. S.; Ahmad, A.; Shamim, U.; 
Zubair, H.; Khan, H. Y. Resveratrol mobilizes endogenous copper 
in human peripheral lymphocytes leading to oxidative DNA 
breakage: a putative mechanism for chemoprevention of cancer. 
Pharm. Res 2010, 27 (6), 979-988. 

[111] Ullah, M. F.; Ahmad, A.; Zubair, H.; Khan, H. Y.; Wang, Z.; 
Sarkar, F. H.; Hadi, S. M. Soy isoflavone genistein induces cell 
death in breast cancer cells through mobilization of endogenous 
copper ions and generation of reactive oxygen species. Mol. Nutr. 
Food Res 2011, 55 (4), 553-559. 

[112] Lin, H.; Chen, R.; Liu, X.; Sheng, F.; Zhang, H. Study on 
interaction of mangiferin to insulin and glucagon in ternary system. 
Spectrochim. Acta A Mol. Biomol. Spectrosc. 2010, 75 (5), 1584-
1591. 

[113] Lin, H.; Lan, J.; Guan, M.; Sheng, F.; Zhang, H. Spectroscopic 
investigation of interaction between mangiferin and bovine serum 
albumin. Spectrochim. Acta A Mol. Biomol. Spectrosc. 2009, 73 
(5), 936-941. 

[114] Giron, M. D.; Sevillano, N.; Salto, R.; Haidour, A.; Manzano, M.; 
Jimenez, M. L.; Rueda, R.; Lopez-Pedrosa, J. M. Salacia oblonga 
extract increases glucose transporter 4-mediated glucose uptake in 
L6 rat myotubes: role of mangiferin. Clin. Nutr. 2009, 28 (5), 565-
574. 

[115] Huang, T. H.; Peng, G.; Li, G. Q.; Yamahara, J.; Roufogalis, B. D.; 
Li, Y. Salacia oblonga root improves postprandial hyperlipidemia 
and hepatic steatosis in Zucker diabetic fatty rats: activation of 
PPAR-alpha. Toxicol. Appl. Pharmacol. 2006, 210 (3), 225-235. 

[116] Yoshikawa, M.; Nishida, N.; Shimoda, H.; Takada, M.; Kawahara, 
Y.; Matsuda, H. [Polyphenol constituents from Salacia species: 
quantitative analysis of mangiferin with alpha-glucosidase and 
aldose reductase inhibitory activities]. Yakugaku Zasshi 2001, 121 
(5), 371-378. 

[117] Ichiki, H.; Miura, T.; Kubo, M.; Ishihara, E.; Komatsu, Y.; 
Tanigawa, K.; Okada, M. New antidiabetic compounds, mangiferin 
and its glucoside. Biol. Pharm. Bull. 1998, 21 (12), 1389-1390. 

[118] Daud, N. H.; Aung, C. S.; Hewavitharana, A. K.; Wilkinson, A. S.; 
Pierson, J. T.; Roberts-Thomson, S. J.; Shaw, P. N.; Monteith, G. 
R.; Gidley, M. J.; Parat, M. O. Mango extracts and the mango 
component mangiferin promote endothelial cell migration. J Agric. 
Food Chem. 2010, 58 (8), 5181-5186. 

[119] Pardo Andreu, G. L.; Maurmann, N.; Reolon, G. K.; de Farias, C. 
B.; Schwartsmann, G.; Delgado, R.; Roesler, R. Mangiferin, a 
naturally occurring glucoxilxanthone improves long-term object 
recognition memory in rats. Eur. J Pharmacol. 2010, 635 (1-3), 
124-128. 

[120] Savikin, K.; Menkovic, N.; Zdunic, G.; Stevic, T.; Radanovic, D.; 
Jankovic, T. Antimicrobial activity of Gentiana lutea L. extracts. Z. 
Naturforsch. C. 2009, 64 (5-6), 339-342. 

[121] Yoshikawa, M.; Shimoda, H.; Nishida, N.; Takada, M.; Matsuda, 
H. Salacia reticulata and its polyphenolic constituents with lipase 
inhibitory and lipolytic activities have mild antiobesity effects in 
rats. J Nutr. 2002, 132 (7), 1819-1824. 

[122] Severi, J. A.; Lima, Z. P.; Kushima, H.; Brito, A. R.; Santos, L. C.; 
Vilegas, W.; Hiruma-Lima, C. A. Polyphenols with antiulcerogenic 
action from aqueous decoction of mango leaves (Mangifera indica 
L.). Molecules. 2009, 14 (3), 1098-1110. 

[123] Carvalho, R. R.; Pellizzon, C. H.; Justulin, L., Jr.; Felisbino, S. L.; 
Vilegas, W.; Bruni, F.; Lopes-Ferreira, M.; Hiruma-Lima, C. A. 
Effect of mangiferin on the development of periodontal disease: 
involvement of lipoxin A4, anti-chemotaxic action in leukocyte 
rolling. Chem. Biol. Interact. 2009, 179 (2-3), 344-350. 

[124] Bairy, I.; Reeja, S.; Siddharth; Rao, P. S.; Bhat, M.; Shivananda, P. 
G. Evaluation of antibacterial activity of Mangifera indica on 



Medicinal Properties of Mangiferin Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 5    425 

anaerobic dental microglora based on in vivo studies. Indian J 
Pathol. Microbiol. 2002, 45 (3), 307-310. 

[125] Hernandez, P.; Rodriguez, P. C.; Delgado, R.; Walczak, H. 
Protective effect of Mangifera indica L. polyphenols on human T 
lymphocytes against activation-induced cell death. Pharmacol. Res. 
2007, 55 (2), 167-173. 

[126] Prabhu, S.; Jainu, M.; Sabitha, K. E.; Shyamala Devi, C. S. Effect 
of mangiferin on mitochondrial energy production in 
experimentally induced myocardial infarcted rats. Vascul. 
Pharmacol. 2006, 44 (6), 519-525. 

[127] Ang, E.; Liu, Q.; Qi, M.; Liu, H. G.; Yang, X.; Chen, H.; Zheng, 
M. H.; Xu, J. Mangiferin attenuates osteoclastogenesis, bone 
resorption, and RANKL-induced activation of NF-kappaB and 
ERK. J Cell Biochem. 2011, 112 (1), 89-97. 

[128] Li, Y.; Sarkar, F. H. Inhibition of nuclear factor kappaB activation 
in PC3 cells by genistein is mediated via Akt signaling pathway. 
Clin. Cancer Res 2002, 8 (7), 2369-2377. 

[129] Rahman, K. M.; Li, Y.; Sarkar, F. H. Inactivation of akt and NF-
kappaB play important roles during indole-3-carbinol-induced 
apoptosis in breast cancer cells. Nutr. Cancer 2004, 48 (1), 84-94. 

[130] Rahman, K. W.; Sarkar, F. H. Inhibition of nuclear translocation of 
nuclear factor-{kappa}B contributes to 3,3'-diindolylmethane-
induced apoptosis in breast cancer cells. Cancer Res 2005, 65 (1), 
364-371. 

[131] Ahmad, A.; Banerjee, S.; Wang, Z.; Kong, D.; Sarkar, F. H. 
Plumbagin-induced apoptosis of human breast cancer cells is 
mediated by inactivation of NF-kappaB and Bcl-2. J Cell Biochem. 
2008, 105 (6), 1461-1471. 

[132] Ahmad, A.; Wang, Z.; Ali, R.; Maitah, M. Y.; Kong, D.; Banerjee, 
S.; Padhye, S.; Sarkar, F. H. Apoptosis-inducing effect of garcinol 
is mediated by NF-kappaB signaling in breast cancer cells. J Cell 
Biochem. 2010, 109 (6), 1134-1141. 

[133] Ali, S.; Banerjee, S.; Schaffert, J. M.; El-Rayes, B. F.; Philip, P. A.; 
Sarkar, F. H. Concurrent inhibition of NF-kappaB, 
cyclooxygenase-2, and epidermal growth factor receptor leads to 
greater anti-tumor activity in pancreatic cancer. J Cell Biochem. 
2010, 110 (1), 171-181. 

[134] Banerjee, S.; Kaseb, A. O.; Wang, Z.; Kong, D.; Mohammad, M.; 
Padhye, S.; Sarkar, F. H.; Mohammad, R. M. Antitumor activity of 
gemcitabine and oxaliplatin is augmented by thymoquinone in 
pancreatic cancer. Cancer Res 2009, 69 (13), 5575-5583. 

[135] Ahmad, A.; Wang, Z.; Kong, D.; Ali, R.; Ali, S.; Banerjee, S.; 
Sarkar, F. H. Platelet-derived growth factor-D contributes to 
aggressiveness of breast cancer cells by up-regulating Notch and 
NF-kappaB signaling pathways. Breast Cancer Res Treat. 2011, 
126 (1), 15-25. 

[136] Sarkar, F. H.; Li, Y. NF-kappaB: a potential target for cancer 
chemoprevention and therapy. Front Biosci. 2008, 13, 2950-2959. 

[137] Sarkar, F. H.; Li, Y.; Wang, Z.; Kong, D. NF-kappaB signaling 
pathway and its therapeutic implications in human diseases. Int. 
Rev. Immunol. 2008, 27 (5), 293-319. 

[138] Ahmad, A.; Sakr, W. A.; Rahman, K. M. W. Role of Nuclear 
Factor-kappa B Signaling in Anticancer Properties of Indole 
Compounds. Journal of Experimental & Clinical Medicine 2011, 3 
(2), 55-62. 

[139] Ahmad, A.; Banerjee, S.; Wang, Z.; Kong, D.; Majumdar, A. P. N.; 
Sarkar, F. H. Aging and Inflammation: Etiological culprits of 
Cancer. Current Aging Science 2009, 2 (3), 174-186. 

[140] Padhye, S.; Dandawate, P.; Yusufi, M.; Ahmad, A.; Sarkar, F. H. 
Perspectives on medicinal properties of plumbagin and its analogs. 
Med Res Rev. 2010. 

[141] Bao, B.; Wang, Z.; Li, Y.; Kong, D.; Ali, S.; Banerjee, S.; Ahmad, 
A.; Sarkar, F. H. The complexities of obesity and diabetes with the 
development and progression of pancreatic cancer. Biochim. 
Biophys. Acta 2011, 1815 (2), 135-146. 

 
 

Received: May 09, 2011 Revised: October 30, 2011  Accepted: November 08, 2011 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




