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ABSTRACT

Natural remedies have been reported for centuries. The current review article is an attempt to discuss the

pharmacological potential of Mangiferin, a water-soluble main bioactive compound (1,3,6,7-tetrahydroxyxanthone C2-

B-D-glucoside) of mango tree although it is also found in many other plants, especially against various life-style disorders

like diabetes mellitus, obesity, hyperlipidaemia, hypertension and other cardiovascular diseases (CVDs). Although

numerous published pharmacological studies demonstrated many other activities of mangiferin: analgesic, antioxidant,

antimicrobial, anti-tumourogenic, anti-inflammatory, anti-allergic, antisclerotic etc. This comprehensively analyzed and

collectively summarized review work on primary pharmacological potentials of mangiferin may be helpful to support the

future development of mangiferin as a novel therapeutic drug.

Keywords: Mangiferin, Diabetes, Hypertension, Hyperlipidemia, Antioxidant, CVDs.

1. INTRODUCTION

Mangiferin, a C-glucoside xanthone glucoside, is an
active phytochemical present in various plants including
Mangifera indica L. (Family: Anacardiaceae, Genus:
Mangifera) [1]. The [1,3,6,7-

mangiferin ,3,6,
tetrahydroxyxanthone ~ C2-B-D-glucoside;

CioHi3Oy5
MW, 422.35; melting point (anhydrous)-271°C [2] has
been reported in various parts of M. indica i.e. leaves [3],
fruits [4], stem bark [4, 5], heartwood [6] and roots [7].
The plant which contains the mangiferin is used as
phytomedicine. ~ Mangiferin is a natural polyphenol
distribution in the angiosperms occurring sporadically in
13 dicot and 6 monocot families [7-9]. Mangiferin
possesses a wide range of pharmacological outcomes,
including antitumor [10], antioxidant [11], antiviral [12-
14], immunomodulatory [10, 15] and antidiabetic
activities [14, 16-19].

HO

Fig. 1: Chemical structure of mangiferin (1,3,6,7-

Tetrahydroxyxanthone C2-f-D-glucoside)

Mangifera indica L., a medicinal plant widely distributed
in tropical areas in the world and used as ethnomedicine
for millennia to cure various diseases. The mangiferin, a
xanthone C-glucoside is the major component of M.
indica, could be responsible for a lot of the reported
activities for treatment of various diseases, as discussed in

this review.

2. PHARMACOLOGICAL
MANGIFERIN
The chemical constituents of the different parts of M.

ACTIVITIES OF

indica L. are reviewed in Ross [20] and Scartezzini and
Speroni [21]. The various parts of Mangifera indica contain
protocatechic acid, catechin, mangiferin, alanine,
glycine, y-amino-butyric acid, kinic acid, shikimic acid
and various tetracyclic triterpenoids [21]. Mangiferin is
the most active component and has been reported to have
numerous pharmacological effects which are discussed

below.

2.1.Antidiabetic Activity

Diabetes mellitus is a series of metabolic disorder with
hyperglycaemia and caused by defects in insulin secretion
or mechanism of insulin action. In type 1 diabetes,
pancreatic Islet’s B-cells are destroyed usually by auto-
immune disorder while type 2 diabetes is associated with
B-cells dysfunction and with insulin resistance [22]. As
long as standing hyperglycaemia with diabetes mellitus
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leads to the formation of various glycosylated end-
products which are involved in the generation of ROS
(reactive oxygen species), and responsible for oxidative
damage, particularly to heart and kidneys [23]. Studies in
laboratory animals reported that mangiferin treatments
were beneficial in diabetes, lipid metabolism and
lowering  the  atherogenic [24-27]. In
streptozotocin (STZ)-induced diabetic mice with 40
mg/kg mangiferin for 30 days is beneficial in comparison

factors

to diabetic control mice, the level of blood glucose,
(AST),
hemoglobin, alkaline phosphatase (ALP) and alanine

aspartate  aminotransferase glycosylated-
aminotransferase (ALT) were significantly reduced [28,
29].  Antidiabetic activity of mangiferin involves
mechanisms other than insulin action [30, 31] like
enhance of peripheral glucose utilization by glycolytic and
glycogenic processes [32]. In mice model, mangiferin (30
mg/kg, once daily for 2 weeks) reduced the blood
cholesterol and triglyceride levels [26] are beneficial on
hyperglycaemia and hyperlipidemia in type 2 diabetes.
Saleh, 2014 observed that mangiferin can improve insulin
resistance, pancreatic B-cell function and liver glycogen
content in a high-fat high fructose diet and STZ-induced
diabetic insulin-resistant rat model.

2.2.Antioxidant Activity

Due to hyperglycemia, glucose converted into the
glycosylated end-products and ultimately reactive oxygen
species (ROS) are formed, a strong oxidizing effect and
induce damage to biological molecules, including
proteins, lipids and DNA, with related changes in their
structure and function [33]. Reactive oxygen species
(ROS) plays a crucial role in the pathogenesis of some
serious diseases/disorders, such as cancer, liver cirrhosis,
cardiovascular diseases, diabetes, and inflammation
associated symptoms [34]. Extensive generation of ROS
helps in reducing the levels of endogenous antioxidants, a
condition named "oxidative stress" [35]. Studies showed
that antioxidants, vitamin E, vitamin C and B-carotene,
may be beneficial to prevent several chronic disorders
[36]. The reaction of mangiferin with different oxidizing
and reducing radicals, OH”, N,” and CCl,0,, was
investigated by Mishra et al. [37]. The protective
antioxidant abilities of a M. indica stem bark extract and
mangiferin  were investigated in mice model [11].
Abundant research on the effects of mangiferin has
revealed the antioxidant and anti-inflammatory
properties, due to its C-glycosylxanthone structure [38].
The C-glucosyl linkage and polyhydroxy component in

mangiferin contributes to its free radical-scavenging
activity [39]. The treatment of mangiferin possessed
antioxidant and  anti-lipid-peroxidant  activity by
significant decreases of hydroperoxides production in the
liver and kidney tissues of diabetic rats [40]. Glutathione
protected the cellular system against toxic effects of lipid
peroxidant. The level of reduced-glutathione was
decreased in diabetes condition. The decrease in the level
of glutathione in tissues increases in the utilization due to
oxidative stress induced by diabetes. The mangiferin
treated STZ-induced diabetic rats shows the increased
level of glutathione (GSH) in liver and kidney tissues.
These results suggested that the compound might
increase the biosynthesis of GSH or reduce the oxidative
stress or both [41]. In STZ-induced diabetic animal some
toxic free radicals are produced and are eliminated by
two scavenging enzyme named superoxide dismutase
(SOD) and catalase (CAT). SOD converts the superoxide
radicals into H,O, and molecular oxygen. CAT protected
the organ from highly reactive hydroxyl (OH™) radical
through catalyzing the reduction of hydrogen peroxides
[42]. This is highly effective defensive mechanism against
removal of O,” and OH™. In STZ-induced diabetic rats,
treated with mangiferin show an increase in the activities
of SOD and CAT to near-normal in liver and kidneys.
These results revealed that mangiferin may contain a free

radical scavenging activity and prevent pathological

alteration caused by O, and OH™ [42].

2.3.Effect on Lipid Metabolism

Mangiferin, showed a significant lipolytic effect on rat
epididymal fat-derived cultured adipocytes and reduced
35% triglycerides [43]. Muruganandan et al. [24] and
Saleh et al., [44]
streptozotocin-diabetic  rats resulted in significant

administered mangiferin to

decreases in plasma total cholesterol (TC), triglycerides
(TG), and LDL - cholesterol with elevations in HDL -
cholesterol, liver TG, TC content and liver glycogen.
These consequences validated the anti-hyperlipidemic
and anti-atherogenic events of the mangiferin. The
triglycerides lowering property of mangiferin could
indirectly contribute to the overall antihyperglycemic
activity through a mechanism of so-called glucose-fatty
acid cycle [45]. Guo et al. [46] discovered that mangiferin
(50 and 150 mg/kg) ameliorates hypertriglyceridemia by
modulating the expression of genes involved in lipid
oxidation and lipogenesis. Na et al. [47] conducted a
12-week double-blind randomized clinical trial to
evaluate the effects of mangiferin (150 mg/day) on blood
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lipid profiles in overweight patients with hyperlipidemia.
Mangiferin noticeably increases the serum levels of
high-density  lipoprotein  cholesterol,  L-carnitine,
B-hydroxybutyrate and acetoacetate, and increases
Apontes et al. [48]
administered mangiferin (400 mg/kg) and a high fat diet
(HFD) to mice for 16 weeks, demonstrating that

mangiferin protects against HFD-induced weight gain,

lipoprotein  lipase activity.

promotes aerobic mitochondrial capacity and increases
thermogenesis. In addition, treatment with mangiferin in
overweight patients with hyperlipidemia stimulated
carbohydrate oxidation and improved glucose and insulin

profiles.

2.4.Antitumor Activity

Dietary nutrients act as a promising approach to cancer
control, prevent carcinogcncsis or revert tumor
promotion, are known as chemo—preventive agents [49].
Mangiferin has been demonstrated to have direct and
auxiliary roles in tumor control. Mangiferin inhibits
tumor cell cycle progression. Yoshimi et al. [50]
examined the chemo-defensive effects of mangiferin for

both the

azoxymethane-induced colon carcinogenesis in rats. The

initiation and post-initiation phases of
primary mechanisms are still indistinct but the chemo-
preventive effect may be due to quenching of
azoxymethane by the xanthone; the inhibitory effect on
cell proliferation may come from the release of
proapoptotic cytokines [51] by mangiferin-triggered
lymphocytes [52]. Remarkably, mangiferin has been
reinforced to trigger G2/M phase cell cycle arrest via
regulation of the CDK1-cyclin Bl signaling pathway [53-
55]. In colorectal cancer HT29 cells and cervical cancer
Hela cells treatment with mangiferin causes delay of
DNA synthesis the S phase of the cell cycle [56].
Mangiferin brings apoptosis in tumor cells. Kim et al.
[57] detected that antitumor efficacy and primary
mechanisms of mangiferin in human cervical carcinoma
HelLa cells established that the protein expression of BH3
death

pro-caspase-3 and -8 is downregulated in response to

interacting  domain agonist, Bcl-2  and
mangiferin treatment, which results in the activation of
caspase-3, -7, -8 and -9, in due course leading to
apoptosis. Nuclear factor-kB (NF-kB) is a transcription
factor that induces the proliferation of cancer cells [58]
by inhibiting the expression of RelA and RelB genes [59-
61]. Mangiferin shows anti-neoplastic properties, arrest
cell cycle G2/M phase via downregulation of the
cyclin-dependent kinase 1-cyclin Bl signaling pathway

and inducing apoptotic cell death in human lung
carcinoma A549 cells, by inhibiting the PKC-NF-kB
pathway [60]. Caspase activation serves a critical role in
apoptosis, particularly via the mitochondria-initiated
pathway [62]. In vitro, mangiferin dose- and time-
dependently inhibited the proliferation of K562 leukemia
cells and induced apoptosis in K563 cells line, probably
through down-regulation of bcr/abl gene expression
[63]. Pan et al. [64] demonstrated that through regulation
of Bcl-2, apoptosis regulator (Bcl-2) and Bcl-2 associated
X, apoptosis regulator (Bax) expression, mangiferin
potently inhibits tumor cell proliferation and induces
apoptosis in nasopharyngeal carcinoma cells. Lv et al. [65]
and Zou et al. [66] studies contributed to the
understanding of the primary molecular mechanism of
mangiferin  in tumor treatment. In human breast
carcinoma MCF-7 cells, mangiferin downregulates the
cyclin-dependent kinase 1-cyclin Bl signaling pathway
and induces G2/M phase cell-cycle arrest to inhibit
tumor cell growth.

2.5.Antimicrobial Activity

In addition to its antioxidative, antidiabetic and
antitumor properties, the antibacterial and antiviral
effects of mangiferin are also prominent [67]. In an in
vitro agar diffusion technique, mangiferin exhibited
activity counter to 7 bacterial species, Bacillus pumilus, B.
cereus, Staphylococcus aureus, S. citreus, Escherichia coli,

Klebsiella
and 4 fungi

Salmonella  agona, pneumoniae, 1  yeast

(Saccharomyces  cerevisiae) (Thermoascus
aurantiacus, Trichoderma reesei, Aspergillus flavus and A.
fumigatus) [68]. Maji et al. [69] observed that mangiferin
exert antibacterial activity against two bacterial species:
Staphylococcus aureus (Gram positive) and Salmonella typhi
(Gram negative). Zhu et al. [13] deliberate in vitro the
effect of mangiferin counter to Herpes simplex virus type
2; mangiferin does not directly inactivate HSV-2 but
prevents the late phase in HSV-2 replication. In vitro
mangiferin was also able to upset the cytopathic effects of

HIV [10].

2.6.0Other Effects
Leiro et al. [15] studied the immunomodulatory activity
of  mangiferin  on

thioglycollate—elicited mouse

macrophages which were stimulated with
lipopolysaccharide (LPS) and gamma interferon (IFN-y).
Mangiferin significantly reduces IgE levels and inhibits
the lymphocyte proliferative response in ovalbumin-

immunized mice; reduces histamine-induced cutaneous
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inhibits
decreases the compound 48/80-induced histamine

reaction; passive  anaphylactic  reactions;
release from rat mast cells [70]. Jagetia and Venkatesha
[71] studied that mangiferin can protect against radiation-
induced micronuclei formation in cultured human
peripheral blood lymphocytes. Mangiferin (50 mg/kg
oral dose) overwhelms the growth of helminths
Trichinella spiralis throughout the parasitic life cycle, by
inhibiting mast cell degranulation, decreasing the serum
levels of specific anti-Trichinella IgE and reducing the

number of parasitic larvae [72].

3. CONCLUSION
Many  different

antioxidant,

pharmacolo gical activities  like

antitumor, antidiabetic,

lipolytic,
radioprotective, antimicrobial, anti-inflammatory,
antiparasitic, immunomodulatory, anti-allergic have
been reported for mangiferin. Based on the information
of the many properties of mangiferin, phytomedicines
should be adequately standardized regarding this active
compound. The M. indica long history of use has been
validated by many researches; modern phytomedicines
based on its active ingredients are worthy of further
investigation to exhaustive their major fields of use.
Mangiferin appears to have varied pharmacological
effects. However, additional clinical investigation into
the pharmacology and pharmacokinetics of mangiferin is
required, as most of these effects have only been demon-

strated in in vivo and in vitro experiments.
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