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Abstract: Mangiferin, a naturally occurring C-glucosylxanthone derived from various parts of the mango tree (Mangifera indica), has
gained significant attention for its diverse pharmacological properties, including antioxidant, anti-inflammatory, antimicrobial, antic-
ancer, and anti-diabetic activities. This mini-review provides an updated overview of the phytochemistry, pharmacokinetics, and
medicinal properties of mangiferin. However, the low solubility (0.111 mg/mL) and oral bioavailability (less than 2%) of mangiferin
pose significant challenges for its clinical application. To address these issues, the development of nanoformulations such as
nanoparticles, micelles, and liposomes has been explored, which was proven to improve mangiferin’s solubility, stability, and targeted
delivery. These nanocarriers enhance the bioavailability and therapeutic efficacy of mangiferin, making it a promising candidate for
various therapeutic applications. The review ends with the discussion of the safety of mangiferin and its formulations in addition to the
potential for clinical translation.
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Introduction

Mangiferin (2-(B-D-Glucopyranosyl)-1,3,6,7-tetrahydroxy-9H-xanthen-9-one) is a naturally occurring xanthone glyco-
side that is found in significant quantities in various parts of the mango tree (Mangifera indica L)., including the peel,
stalks, leaves, bark, kernel, and stone. This polyphenolic compound has garnered considerable attention due to its wide
range of potential health benefits, which have been attributed to its potent antioxidant properties.'~

In addition to mangiferin, the mango plant also contains two other xanthone derivatives, isomangiferin and homo-
mangiferin, which together account for approximately 10% of the total phenolic content in various tissues, such as the
leaves, peel, and twigs. These xanthone compounds are believed to exert their antioxidant effects by chelating iron,
thereby preventing the generation of hydroxyl radicals via Fenton-type reactions.’

While mangiferin was initially isolated from the Mangifera indica (mango) plant, it has since been found in the
flowers of sixteen other plant families, including [ridaceae, Anacardiaceae, and Gentianaceae. This widespread
distribution across different plant species highlights the ecological and evolutionary significance of mangiferin as a
secondary metabolite.> Mango tree is the richest source in mangiferin as it contains approximately 42 mg/kg in seed
kernel, 1690 mg/kg in mango peel, 4 mg/kg in mango pulp, while the major content is contained in stem bark ca. 71 g/
kg.® The proportion of mangiferin and its derivatives in the total phenolic content of mango extracts varies by source and
cultivar but is often substantial. For example, in Thai Bao mango peel extract, mangiferin was the major phenolic
compound quantified at 8755.89 mg per 100 g of extract, indicating it constitutes a significant portion of the total
phenolics.” In mango kernels from various cultivars, mangiferin content ranges from 0.05 to 6.4 mg/g, with the Brazilian
cultivar “Van Dyke” showing the highest levels.®

Mangiferin is a potent antioxidant with a wide range of health-promoting properties. It has demonstrated antimicro-
bial, antitumor, antihyperglycemic, antioxidative, analgesic, immunomodulatory, antiaging, and hepatoprotective effects,
making it a promising therapeutic agent. In addition to its diverse medicinal applications, mangiferin has also been
incorporated into various food supplements.’
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Figure | Chemical structure of mangiferin showing the attached sugar moiety in purple.

The chemical structure of mangiferin, which consists of a xanthone core with a B-D-glucopyranosyl moiety attached
at the C2 position, is depicted in Figure 1. This unique structural feature contributes to mangiferin’s ability to scavenge
free radicals and modulate various signaling pathways such transcription regulators, serine/threonine kinases, cyclins,
growth hormones and factors, cytokines as well as chemokines, in addition to the adhesion proteins, involved in the
pathogenesis of numerous diseases including cancer, diabetes, neurodegeneration and infections. '’

The presence of mangiferin in a variety of mango species, coupled with its outstanding pharmacological activities,
has generated considerable interest in the scientific community. Researchers continue to explore the mechanisms
underlying mangiferin’s therapeutic potential and its potential applications in the development of novel fortified
nutraceuticals and pharmaceuticals. Motivated by these characteristics and potentials, this mini review was sought to
provide a brief updated summary of the available literature about mangiferin chemistry, distribution, pharmacokinetics
and biological activities including its antioxidant, anti-inflammatory, anti-cancer, anti-neurodegeneration, anti-diabetic
and antimicrobial properties. The coupling of nanotechnology for loading mangiferin and its potency are also covered.
This mini review is ended with the discussion of the reported toxicity of mangiferin and its nanoformulations.

Biochemistry of Mangiferin

Mangiferin biosynthesis in plants is unique in its acquisition of amino acids, saccharides as well as lipid precursors. The
essential amino acid phenylalanine and malonyl CoA are the precursors for the biosynthesis of mangiferin. Then, a
successive multi-step pathway ensues to form p-coumaric acid, caffeic acid and maclurin before the synthesis of
mangiferin, where it is accomplished via Friedel-Crafts reactions, in which a glycosyl donor and an electron-rich
aromatic compound are linked by a glycosidic bond as summarized in Figure 2. The non-functional ninth carbon (C9)
of mangiferin was proved fundamental for aryl C-glycosylation process owing to the poor electron density therein.''
Treatment of the aglycone 1,3,6,7-tetrahydroxyxanthone with sodium methoxide (NaOMe) yields mangiferin at 0.1%,
followed by the formation of an O-glycosidic bond upon hydrolysis with R-acetobromoglucose. This two-step process
involves the initial reaction of 1,3,6,7-tetrahydroxyxanthone with R-acetobromoglucose to form the O-glycosidic
intermediate, which is then hydrolyzed to yield mangiferin. Notably, aglycone compounds generally exhibit higher
antioxidant potential compared to their corresponding glycosides.'?

The hallmark distinguishing C-glycosides from O-glycosides is that the corresponding replacement of anomeric
oxygen with carbon. In result, such replacement render the glycoside more resistant to both acid and glycosidase
hydrolytic reactions.'® Within the human body, such enzymic hydrolytic reactions take place of 2-O-p-D-apioside,
puerarin, safflor yellow B, and homoorientin and mangiferin, to name a few, by the gut microbiome. The glucose moiety

induces extra potency in terms of bioavailability and antioxidant properties.'

Bioavailability and Pharmacokinetics of Mangiferin
When it comes to pharmacokinetics and bioavailability, mangiferin is hampered by different obstacles including low
solubility and diminished oral bioavailability. For instance, studies have reported that the aqueous solubility of
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Figure 2 Biosynthetic scheme of mangiferin within mango plant cells starting from phenylalanine. Data from Kaur et al.'®

mangiferin is relatively low, with a value of only 0.111 mg/mL. Furthermore, the oral bioavailability of mangiferin has
been shown to be as low as 1.2%.'® This limited bioavailability can be attributed to mangiferin’s inherent properties, such
as reduced hydrophobicity, low absorption via gastrointestinal tract. Such medicinal limitations impede the utilization of
the broad proved bioactivities of mangiferin and the subsequent translation of mangiferin as promising therapeutics.
Thanks to the modern medicinal as well as pharmaceutical technology that suggested using derivatives with improved
pharmacokinetics profile and/or utilizing encapsulation and nanotechnology solutions to address the mentioned
obstacles.'”

Kammalla et al'® conducted a study on the pharmacokinetic characteristics of mangiferin and a polyherbal formula-
tion containing a similar amount of mangiferin after oral administration in Wistar rats. Samples were collected and
analyzed at predefined time intervals using liquid chromatography-mass spectrometry (LC-MS) methodology. The
residence time of mangiferin in the polyherbal formulation was observed to be longer compared to mangiferin
administered alone, potentially attributed to the presence of other ingredients enhancing its bioavailability.'®

In a study by Lin et al,'” the pharmacokinetic behavior of mangiferin calcium salt was investigated using HPLC
techniques. The findings revealed a superior pharmacokinetic profile compared to mangiferin alone, highlighting its
potential for enhanced therapeutic efficacy in diabetic treatment.'’

Mangiferin nanocrystals displayed significantly better pharmacokinetics, stability and even solubility. For example,
mangiferin nanocrystals using a fractional factorial design were synthesized to enhance their solubility, stability, and
pharmacokinetic profile. The researchers optimized factors such as mangiferin concentration, HPMC, pluronic acid,
tween 80, and antisolvent to solvent ratio to achieve desired responses like particle size, PDI, zeta potential, and
entrapment efficiency. The optimized nanocrystals had a particle size of around 100 nm, a zeta potential of —12 mV,
and high entrapment efficiency up to 86.23%. FTIR and DSC confirmed mangiferin’s stability within the nanocrystals. In
vitro release studies showed a good release pattern with up to 99.02% drug release. Stability studies demonstrated the
formulation’s stability for 6 months. Pharmacokinetic evaluation in rabbits revealed significantly improved parameters
with the nanocrystals compared to the suspension. The peak plasma concentration was 412 ng/mL for nanocrystals vs
367 ng/mL for the suspension. The AUCy; was 23,567.45 + 10.876 pgxh/mL for nanocrystals vs 18,976.12 + 9.765
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pgxh/mL for the suspension, indicating greater mangiferin availability from the nanocrystals. Overall, these data
highlight the potential of mangiferin nanocrystals in enhancing the solubility, stability, and bioavailability of this poorly
soluble drug.””

The metabolism of mangiferin by cytochrome P450 (CYP) enzymes is limited, as mangiferin exhibits poor membrane
permeability and low bioavailability, which restricts its extensive metabolism by CYPs. Pharmacokinetic studies indicate that
CYP450 enzymes have a minor role in mangiferin’s metabolism, with its poor exposure mainly attributed to low absorption
rather than extensive CYP-mediated biotransformation. Inhibiting CYP450 enzymes actually decreases mangiferin and its
metabolite norathyriol exposure, suggesting that CYPs may be involved in the metabolic conversion but not as the primary
clearance pathway. Instead, gut microbiota plays a significant role in transforming mangiferin into metabolites such as
norathyriol. Moreover, mangiferin’s metabolism is also influenced by UDP-glucuronosyltransferases (UGTs) and
P-glycoprotein (P-gp) transporters, with P-gp inhibition enhancing mangiferin exposure more markedly than CYP inhibition.
Overall, CYP enzymes contribute modestly to mangiferin metabolism, with the compound’s pharmacokinetics largely
governed by poor intestinal absorption and microbial metabolism rather than extensive hepatic CYP-mediated metabolism.?'

Bioactivities of Mangiferin

After examining the biochemistry and pharmacokinetics of mangiferin, the subsequent bioactivities are introduced in this
section. It exhibits a broad spectrum of therapeutic and medicinal effects in vitro as well as in vivo. Its pharmacological actions
include antidiabetic, anti-inflammatory, analgesic, anti-tumor, anti-neurodegeneration, antimicrobial, and antioxidant proper-
ties (Figure 3). The unique xanthonoid structure of mangiferin enables it to combat free radicals and pro-oxidants, offering
protection against various pathophysiological conditions.”> Mangiferin demonstrates significant immunomodulatory activ-
ities, influencing immune responses and tumor formation. Studies suggest that mangiferin derived from mango tree leaves
may hold promise in diabetes treatment by reducing the progression of diabetic nephropathy and improving renal function.
Additionally, mangiferin shows potential in managing hyperlipidemia-related cardiovascular complications in diabetic
patients. Its pharmacological profile extends to anti-inflammatory, anti-diabetic, antioxidant, antiatherogenic, and antihyper-
lipidemic properties.”> Furthermore, mangiferin exhibits antidepressant effects and has been associated with memory
enhancement, cognitive improvement, and anxiolytic properties. Research indicates that Mangifera indica extract, containing
mangiferin, may offer neuroprotective benefits against excitotoxic neuronal death, suggesting therapeutic potential for
neurodegenerative disorders.>* Moreover, mangiferin has shown chemoprotective properties and anticancer effects by
enhancing apoptosis through NF-kB down-regulation. Its antibacterial activity and ability to modulate the blood-retina barrier
indicate potential for addressing various ophthalmic conditions.?

Antimicrobial

Neurodegeneration

ameliorating .

Tumor suppressing

Antioxidant ‘ Anti-inflammatory
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@

Figure 3 Various medicinal properties of mangiferin.
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These properties made mangiferin a multifaceted, potent glycoside that has the capability to ameliorate the initiation
or, at least, the progression of chronic disorders. The specific mechanisms and pathways through which mangiferin exerts
the mentioned effects and the corresponding efficacy are the subject of the following sections.

Free Radicals-Neutralizing Activity

Free radicals are highly reactive molecules. The excess of their levels above the antioxidant capacity of an organism can
be of damage to the cell; the state is called oxidative stress. This condition may be implicated in cancer, cardiovascular
disorders, and neurodegenerative conditions. Antioxidants are vital substances produced by the body and supplied
through dietary sources, fruits, and vegetables that neutralize free radicals and protect the body against oxidative damage.
A balance between free radicals and antioxidants is crucial for the maintenance of health, and increased intake of
antioxidants may counteract some of the adverse effects of oxidative stress on the body.?®

The antioxidant properties of bioactive compounds like mangiferin are attributed to their ability to decrease oxidative
stress, which is a major contributing factor to various diseases. Mangiferin and mangiferin-containing formulations have
been extensively studied for their potential in preventing and treating diseases through their antioxidant activities. The
antioxidant activity of mangiferin is primarily due to its unique C-glycosylxanthone structure, which enables it to
scavenge free radicals and mitigate oxidative stress. This activity has been assessed through both in vitro and in vivo
methods.?’

Recent studies have explored strategies to enhance the antioxidant potential of mangiferin. Lee et al*® reported that
glucosyl-a-(1—4)-mangiferin exhibited superior antioxidant activity compared to mangiferin, as demonstrated by ferric
reducing ability power (FRAP, 1.19-fold), Oxygen radical antioxidant capacity (ORAC, 1.24-fold), and 1.16-fold DPPH
assays. Jo et al*’ prepared a mangiferin -cyclodextrin complex using molecular self-assembly and found that the presence
of p-cyclodextrin further increased the antioxidant activity of mangiferin.*®

It was showed that mangiferin obtained from the leaves of Bombax ceiba possessed strong antioxidant properties.
Medina Ramirez et al*’ studied the antioxidant potential of tea made from mango leaves and found that due to its high
phenolic content, it could serve as a beneficial beverage for disease prevention. Decoction at a 5% (w/v) plant
concentration exhibited highest mangiferin concentration and was stable for at least 48 h.>’

The structure—antioxidant relationship of mangiferin was investigated using quantum chemistry calculations, speci-
fically density functional theory (DFT). The results highlighted the importance of the catechol moiety over the resorcinol
moiety for antioxidant capacity. The sugar component, which forms hydrogen bonds with the resorcinol moiety of the
xanthone ring, acts as a strong electron-withdrawing group. The study found that hydrogen transfer is more crucial for
antioxidant activity than electron transfer. Additionally, hydrogen abstractions in the ortho positions are more favored
than those in the meta positions, indicating a synergistic effect between the xanthone and sugar rings.*°

The free radical scavenging activity of mangiferin can be attributed to its structural features. Specifically, the presence
of four phenolic hydroxyl groups, two of which are susceptible to abstraction by ROS, leads to the formation of two
phenoxyl radicals. These radicals are stabilized by resonance, which enhances their ability to neutralize free radicals.®!
This unique structural arrangement allows mangiferin to effectively intercept and neutralize ROS, thereby exhibiting
potent antioxidant properties (Figure 4).

The diverse bioactivities of mangiferin can largely be traced to its potent antioxidative actions. Chronic illnesses are
often associated with the overgeneration of free radicals, thus creating a highly damaging oxidative stress environment.
In this context, mangiferin exerts principal roles in mitigating the effects of oxidative stress and, consequently, may
contribute significantly to the amelioration and management of a number of chronic pathologies.

Mangiferin Nanoformulations

As discussed earlier, the potency of mangiferin is hampered by its low pharmacokinetics profile which can be enhanced
by utilizing nanoloading technology. For instance, a study by Phuong et al** developed silk fibroin nanoparticles loaded
with mango leaf extract using a simple coacervation approach. The prepared nanoparticles displayed well pharmacoki-
netic profile and showed three-step controlled release profile. The nanoparticles were demonstrated to be safe against
erythrocytes and human embryonic kidney cells, while significantly preserving the antioxidative power of the crude
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Figure 4 Biochemical mechanism of free radicals-scavenging activity of mangiferin. Figure was reused from PalPB, SinhaK, SilPC. Mangiferin attenuates diabetic nephropathy
by inhibiting oxidative stress mediated signaling cascade, Tnfa related and mitochondrial dependent apoptotic pathways in streptozotocin-induced diabetic Rats. PLoS One.
2014;9:e107220. © 2014 Pal et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License.'

extract (IC*° = 6.872 + 0.512 pg/mL). The results suggested that silk fibroin nanoparticles could serve a promising
delivery agent of mangiferin for medical applications.

Samadarsi and his collaborators encapsulated mangiferin with B-lactoglobulin-chitosan nanoparticles, which were
incorporated into milk to create a food product characterized by a low glycemic index (GI) and enhanced antioxidant
properties. The fortification process resulted in a significant reduction of the milk’s GI by 34.5%. The bioaccessibility of
mangiferin was markedly improved through this fortification, leading to fortified milk exhibiting robust antioxidant
activity alongside effective inhibition of lipid peroxidation and protein oxidation. Specifically, the mangiferin-loaded
nanoparticles demonstrated substantial potential as a functional food product, providing both high antioxidant capacity
and the ability to inhibit oxidative damage, thereby positioning them as an ideal candidate for low GI food applications.
These findings underscore the efficacy of utilizing mangiferin-loaded nanoparticles in enhancing the nutritional profile of
dairy products through its potent antioxidant properties.

Other researchers developed mangiferin-rich extract (MRE) from mango leaves and encapsulate it in nanoparticles
using an electrospraying technique for cosmeceutical applications. Proteomic analysis revealed that MRE is involved in
actin-filament organization, positive regulation of cytoskeleton organization, and metalloenzyme-activity regulation,
suggesting its potential cosmeceutical mechanisms. Nanoparticles were prepared from 0.8% w/v MRE and 2% w/v
Eudragit® L100 solution using electrospraying, resulting in a mean size of 247.8 nm, a PDI of 0.271, and an 84.9%
entrapment efficiency. Skin-retention studies showed that the mangiferin content in MRE-loaded nanoparticle (MNP)-
containing emulsion-gel membranes was higher than in membranes with MRE solution alone, demonstrating that the
electrosprayed MNPs enhance transdermal delivery for cosmetic applications owing to strong antioxidative abilities.

These findings highlight the importance of mangiferin and mangiferin -containing formulations as promising antioxidant
agents with therapeutic potential in various diseases. The ability to enhance the antioxidant activity of mangiferin through

structural modifications and complexation further expands its applications in disease prevention and treatment.
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Anti-Inflammatory and Anti-Tumor Activity

Inflammation is a complex overlapped immune reaction involving the stimulation of NF-xB (nuclear factor kB) signaling
pathways, upregulation of enzymes producing prostaglandins (cyclooxygenase 2) and nitric oxide (inducible nitric oxide
synthase), besides the instigating the biosynthesis of cytokines implicated in inflammation such as tumor-necrosis factor
(TNF-a), interleukins (IL-6, IL-8, IL-1B), and other chemokines (CCL2, and CXCLS). Chronic inflammation is a
hallmark of various human diseases, including atherosclerosis, cardiovascular disorders, diabetes mellitus, osteoarthritis,
and irritable bowel syndrome. In IBD, intestinal barrier dysfunction leads to increased permeability, allowing the passage
of toxins, pathogens, and exotoxins, which can contribute to the development of colon cancer.**%

Inflammation, and the consequent inflammatory response, leads to the liberation of inflammatory cytokines that
transforms the fate of recipient cell. These involve cellular hyperplasia, invasion, and metaplasia of normal cells, thereby
favoring cancer creation. Such accumulated cytokines and their inflammatory impact (cytokine storm) can ultimately
trigger cancer and metastasis if persisted for long without clinical intervention. This is not surprising, as the single cell
receives conflicting signals simultaneously disturbing their normal functioning.*® In other simple words, inflammation
and cancer are tightly correlated.

For the inflammation reaction to proceed into cancer formation, different players should participate. These include
immune cells like macrophage, dendritic cells, and NK cells along with released highly potent cytokines such as TNF-a,
IL-6, TGF-B (transforming growth factor ). These factors and cells are usually accompanied by promoting the signaling
cascade culminated with the expression of NF-«kB, the inflammation master within immune cells, aggravating the
situation further. Additionally, other factors, including epigenetics represented by microRNAs, specific membrane
receptors, oncogenes and oncoproteins, the tumor microenvironment, and the intestinal microbiome, also influence the
progression of cancer.’’*®

Given the strong connection between inflammation and cancer, targeting the pathway leading to inflammatory factors
blockade and, at the same time, inhibiting cancer initiation, progression and even metastasis, these theragnostic tools can
play a crucial role in cancer management.

Various studies have demonstrated the anti-inflammatory properties of mangiferin, although the precise mechanisms
remain unclear. A plethora of evidences indicate that mangiferin’s anti-inflammatory effects are associated with its ability
to modulate three key signaling pathways: NF-kB, MAPK, and JAK/STAT pathways. Additionally, mangiferin efficiently
influences a range of proteins mediating signaling cascades, including transcription regulators, serine/threonine kinases,
cyclins, growth hormones and factors, cytokines as well as chemokines, in addition to the adhesion proteins.*® Moreover,
mangiferin neutralize and scavenge the produced reactive oxygen species (ROS) and reactive nitrogen species (RNS) in
different organs such as the myocardium, renal tissues, liver, and lungs.*® Furthermore, mangiferin shows promise in
cancer management, with evidence suggesting its potential in ovarian cancer treatment by regulating Yes-associated
protein to inhibit metastasis of OVCARS cells. Additionally, mangiferin has been found to suppress the metastasis of
epithelial ovarian cancer by down-regulating matrix metalloproteinase 2 (MMP2) and MMP9.*' A plenty of in vivo
reports proving the anti-inflammatory as well as the anti-cancer activities of mangiferin were conducted and some which
are summarized in Table 1.

Mangiferin Nanoformulations
Researchers from different labs are focusing on preparing and testing the bioactivity of the nanomaterials of mangiferin
as a novel approach to combat tumors.

The work by Wang and his et al presented the synthesis and characterization of a targeted nanodrug delivery system
comprising hyaluronic acid, mangiferin, and methotrexate (HA-MA-MTX) designed to improve the efficacy of tumor
treatment while minimizing off-target toxicity. The HA-MA-MTX nanoparticles were synthesized through a self-
assembly approach, with the formation of ester bonds verified using "H NMR and Fourier-transform infrared spectro-
scopy (FT-IR). Characterization revealed that the nanoparticles had an average size of approximately 138 nm, which is
conducive to cellular uptake. In vitro cytotoxicity assessments indicated that the HA-MA-MTX nanoparticles signifi-
cantly inhibited the proliferation of K7 cancer cells, while demonstrating reduced cytotoxicity toward normal MC3T3-E1
cells compared to methotrexate administered alone. This selective targeting is attributed to the dual mechanisms of action
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Table | Some of the Anti-Cancer Evidences of Mangiferin

Animal Model Mangiferin Dose Mode of Action Ref

TNBS-induced colitis 10, 30 and 100 mg/kg administered | | TNF-a, IL-17, MDA and SOD activity; restored integrity of the [42]
i.g for 16 days intestinal epithelial barrier

TBHP-Induced 10 mg/kg was i.g administrated for | 1 autophagy by activating the AMPK signaling pathway [43]

Osteoarthritis eight weeks.

Alcoholic hepatitis 10 and 50 mg/kg by i.g. for 12 Modulated specific genes, potential biomarkers and metabolic [44]
weeks pathways in alcoholic hepatitis rats

Liver inflammation 40 mg/kg administer via gavage for | T mRNA expression of PPAR-a and HSP72 [45]
8 days

Bleomycin-triggered 40 mg/kg by gastric gavage for 14 Blocked TLR4/p65 and TGF-bl/Smad2/3 pathway [46]

pulmonary fibrosis days

Abbreviations: TNBS, Trinitrobenzenesulfonic acid; TBHP, Tert-butyl hydroperoxide; |, decreased; 1, increased.

facilitated by hyaluronic acid and methotrexate, which target CD44 and folate receptors, respectively. Overall, these
findings suggest that the HA-MA-MTX nanodrug delivery system has the potential to enhance the therapeutic effec-
tiveness of methotrexate in cancer treatment while mitigating its adverse effects on healthy tissues.*’

1*® explored the encapsulation of mangiferin in zinc oxide nanoparticles (ZnO NPs)

Also, Razura-Carmona et a
synthesized from different precursors, specifically zinc nitrate and zinc acetate, to evaluate their biological effects and
toxicity. The results indicated that the encapsulation rate was between 55% and 60%, morphology of ZnO NPs varied
depending on the precursor used, but there was no significant difference in their antitopoisomerase activity. Notably, the
ZnO NPs synthesized from zinc acetate with mangiferin (ZnOA-MG) exhibited a significant reduction in the production
of COX-II prostaglandins (97.38 £ 7.09%) compared to COX-I (68.02 + 2.14%), although it was not a selective
treatment. Furthermore, ZnOA-MG demonstrated the lowest hepatotoxicity, with an ICso of 140.19 + 13.10 pg/mL,
while the nanoparticles from zinc nitrate (ZnON) were more cytotoxic to liver cancer cells (HEP-G2) and lung cells
(BEAS-2B), with ICsq values of 51.27 = 4.72 and 26.91 + 3.21 ug/mL, respectively. All treatments affected erythrocyte
morphology at low concentrations (25 pg/mL).

Another study prepared mangiferin-loaded polymeric nanoparticles using poly(lactic-co-glycolic acid) (PLGA) to
evaluate their optical properties, anti-topoisomerase I activity, and cytotoxicity. The nanoparticles were synthesized via
the emulsion solvent evaporation method, with an optimal formulation achieved through response surface methodology,
resulting in a mean particle size of 176.7 + 1.021 nm and a polydispersity index (PDI) of 0.153, alongside a mangiferin
encapsulation efficiency of approximately 55%. The formulation displayed a gradual release profile of mangiferin under
acidic conditions (pH 1.5), with significant modifications in the maximum absorption wavelength observed in UV-Vis
spectroscopy. The anti-topoisomerase assay indicated that the optimal formulation (MG4 at 25 pg/mL) exhibited
antiproliferative activity, while high concentrations (2500 pg/mL) showed no cytotoxic effects on BEAS-2B and
HEPG2 cell lines.** Overall, the study demonstrates that the encapsulation of mangiferin in PLGA nanoparticles
enhances its stability and biological activity without compromising the viability of healthy cells, highlighting the
potential of these nanoparticles for therapeutic applications.

In a pre-clinical study, mangiferin was encapsulated with '**Au which emits two types of rays, and y. While B
emissions were used to target the tumor, y-rays were employed to monitor the distribution of the gold nanoparticles. The
nanoformulation was tested against prostate cancer in experimental animals. Upon transtumoral injection of this
nanoformulation, it was found that 80% of dose is retained within the tumor microenvironment. Also, the tumor volume
was shown to be significantly diminished (5-fold) after 3 weeks of injection.””

The same team utilized the same formulation to assess its potency against breast tumor in mice. It turned out that after
the fifth week post-injection, the tumor volume of the treated group was smaller than the control group.”'
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Also, in terms of immunomodulatory properties of mangiferin-loaded gold nanoparticles were investigated in prostate
cancer. Researchers found that the anti-tumor cytokines IL-12 (10-fold) and TNF-a (50-fold) were upregulated whilst
reducing the pro-tumor cytokines IL-10 and IL-6 (2-fold).>

These findings emphasize the efficacy of nanotechnology for addressing the weak activity, limited bioavailability of
mangiferin in its free state. In addition, these studies emphasize the applicability of mangiferin nanoformulations to treat
tumors in pre-clinical as well as pilot clinical trials.

Anti-Neurodegeneration

The mammalian brain has a high metabolic rate which necessitate ongoing O, to fuel the energy-producing metabolic
pathways and is susceptible to oxidative stress triggered by reactive oxygen and reactive nitrogen radicals. Oxidative
stress and its drivers (free radical) can lead to the depletion of antioxidant system within the brain, impeding fundamental
metabolic and signaling routes of the neurons. Of note, the antioxidant system is under the control of a transcription
regulator known as Nuclear factor erythroid 2-like 2 (Nrf2). It regulates antioxidant pathways and mediates the
subsequent activation of downstream and related proteins network like heme oxygenase 1 (HO-1). The experimental
evidence suggested the essential role of Nrf2/HO-1 pathway as it was able to protects the ischemic injury induced in the
brain via reducing oxidative damage.>

On the other hand, neuroinflammation, mediated by the activated transcriptional factor NF-kB signaling network. The
latter is, in turn, stimulated by IL-6 and TNF-a (pro-inflammatory inducers) participating in progression of neurological
diseases and exacerbates CNS injury.”* Mangiferin has been shown to play a crucial role in neuroprotection by enhancing
free radical scavenging through its C-glucosyl linkage and polyhydroxy component. It can inhibit brain MAO-B activity
in Parkinson’s disease models, improve glutathione levels, and reduce malondialdehyde and ROS levels, thereby
enhancing antioxidant status.’> Mangiferin demonstrates superior scavenging of NO compared to curcumin. By forming
iron complexes, mangiferin protects mitochondria from ferrous citrate, inhibiting lipid peroxidation and preventing
mitochondrial swelling induced by Fe**-citrate in rat liver mitochondria.’® Oxidative stress, disintegrated membrane and
ferroptosis all result in neuronal cell damage as neurons are very sensitive to ROS and Fe?" levels, albeit it still not clear
whether iron imbalance is a result or just a consequence of neurodegeneration.’’ Moreover, mangiferin elevates
glutathione levels, enhances endogenous antioxidant activities, and mitigates lipid peroxidation in neurons exposed to
amyloid B protein, thereby improving cellular resilience. Additionally, mangiferin increases the levels of antioxidants like
superoxide dismutase and catalase in response to oxidative stress, and it inhibits neurotoxicity induced by 6-OHDA and
the free radical-mediated pathway in a ketamine model of schizophrenia.’® Beneficial effects of mangiferin in the context
of neurodegenerative disorders are listed in Table 2.

The potential actions of mangiferin on neurodegeneration extend beyond its antioxidant properties, encompassing
several mechanisms that may contribute to neuronal protection and improved outcomes in neurodegenerative conditions.
One key mechanism is its anti-inflammatory action, where mangiferin may inhibit the activation of microglia, the
immune cells of the central nervous system, thereby reducing neuroinflammation—a significant contributor to neuronal
damage in diseases like Alzheimer’s and Parkinson’s. This reduction in inflammation can help preserve neuronal integrity
and function.®® The other mechanism lies in the capability of mangiferin to promote neurogenesis and enhance synaptic
plasticity by stimulating the expression of neurotrophic factors such as brain-derived neurotrophic factor (BDNF), which
are crucial for neuronal survival and growth. Furthermore, it could improve mitochondrial dynamics by enhancing
mitochondrial biogenesis and fusion, thereby supporting energy metabolism and reducing the risk of mitochondrial
dysfunction.”® These combined effects suggest that mangiferin may offer a multifaceted approach to mitigating
neurodegeneration through inflammation modulation, neurotrophic support, and mitochondrial health.

Mangiferin Nanoformulations

Researchers are racing for developing nanocarriers for the purpose of delivery of mangiferin to manage a broad range of
chronic illnesses, but the studies on neurodegenerative disorders are scarce. For instance, Ahmed and his collaborators
prepared polysorbate-80 (P80) coated mangiferin (MNG) loaded PLGA nanoparticles (NPs) to enhance MNG’s brain
bioavailability for ischemic stroke treatment. The solvent evaporation method was used to prepare MNG-PLGA NPs,
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Table 2 Beneficial Effects of Mangiferin on Neurodegenerative Disorders Along with the Mechanism of Action

Neurodegenerative Mode of Mangiferin Action Ref
Disorder
Alzheimer’s disease TReduced glutathione, | ROS, inhibited mitochondrial dysfunction and apoptotic cell death, | f-amyloid [55,59,60]

precipitation and agglomeration, | acetylcholinesterase and lipoxygenases activities, | ROS maintained
hippocampus integrity, |AB1-40/

AB1-42 accumulation and lipid oxidations, | Tau phosphorylation, |astrocytes and microglia infiltration
Inumber of degenerative hippocampal cells

Parkinson’s disease 1 SOD, catalase, |intracellular Ca™ concentration, |depletion of striatal dopamine, |MAO-B and [61,62]
cytosoliccytochrome C activities, Tnigrostriatal
Bcl-2 and |Bax expression balanced mitochondrial

membrane potential, |apoptosis

Schizophrenia | IL-6 expression and secretion and plasma membrane lipid peroxidation [63]

Depression Lhippocampalindoleamine 2,3-dioxygenase expression,|Corticosterone, | expression of NLRP3, and [64,65]

caspase-1, |IL-1P and IL-18 in the hippocampus

1 NRF2, |lipid peroxidations, |IL-IB within hippocampus and prefrontal cortex, andtBDNF

Abbreviations: |, decreased; 1, increased; IL, interleukin; BDNF, brain-derived neutrophin; SOD, superoxide dismutase; MAO, monoamine oxidase; NRF2, Nuclear factor
erythroid 2-related factor 2; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3.

followed by P80 coating. The optimized P80-MNG-PLGA NPs had a particle size of 103.4 = 2.66 nm, PDI of 0.201 +
0.008, zeta potential of —35.8 + 2.48 mV, and 37.16 =+ 2.09% drug loading with 76.08 £+ 4.91% entrapment efficiency. The
NPs demonstrated sustained drug release (83.43 + 6.47%) and excellent intranasal permeation (>83%). A novel LC-MS/
MS method was developed to quantify MNG in the ischemic rat brain, showing good linearity (10.0-1000.0 ng/mL) and
retention times of 0.756 min for MNG and 1.258 min for the internal standard. The NPs improved neurobehavioral and
biochemical parameters and showed favorable histopathological outcomes in the ischemic rat model, suggesting their
potential for enhancing MNG’s therapeutic efficacy in cerebral ischemia.®”

Antidiabetic Activity

Diabetes mellitus, particularly type 2, still constitutes untreatable health problem. Its incidence is on the rise annually
worldwide. Type 2 diabetes, which accounts for >80% among the three diabetic types, is characterized by a limited
utilization of the absorbed glucose, particularly in the two major peripheral tissues, ie skeletal musculature and the
adipocytes. Individuals displaying chronic hyperinsulinemia as well as hyperglycemia are at a greater risk of developing
cardiovascular diseases.®®

Mangiferin has been shown to possess antidiabetic properties, at least its potency to alleviate hyperlipidemia in type 2
diabetics. For example, mangiferin promoted hyperinsulinemia and lowered glycemic levels in an insulin tolerance test in
experimental animal models, suggesting that it exerts its antidiabetic effects by improving insulin sensitivity.*’

Further studies have confirmed the antidiabetic activity of mangiferin in mice. For instance, mice orally given
mangiferin showed lowered concentrations of plasma glucose, while normal mice showed no significant changes,
indicating the selective efficacy of mangiferin in treating type 2 diabetes.”

Mangiferin was also exhibited efficacy in managing diabetic complications like nephropathies. In a study on diabetic
rats, mangiferin therapy in the range 15 till 60 mg/kg for a testing period of 9 weeks, ameliorated chronic renal
insufficiency that has established in these rats. The examined therapeutic mechanisms involved mitigating blood urea
nitrogen, albuminuria, glomerular extracellular matrix, and renal weight index. Additionally, mangiferin declined
advanced glycation end products (AGEs) through its strong antioxidant activities whilst epigenetically downregulate
the mRNA and protein expression of the membrane receptors of AGEs in the rat renal cortex.”'

A recent meta-analysis and systematic review culminated with the conclusion that the oral administration of
mangiferin has proved a potent antidiabetic impact as tested in the experimental animal models. Indeed, this

286 https: Nanotechnology, Science and Applications 2025:18



Al-Madhagi

hypoglycemic action could be attributable to its combined anti-inflammatory and antioxidative actions, as well as to its
beneficial role in improving glycolipid metabolism and alleviating the insulin resistance.”"

Mangiferin Nanoformulations

Wang et al’? investigated the development and application of mangiferin-loaded N-succinyl chitosan-alginate grafted
nanoparticles aimed at targeting atherosclerosis in a rat model of diabetes-mediated hyperlipidemia. Mangiferin, a
polyphenolic compound derived from Mangifera indica, is known for its hypoglycemic and hypolipidemic properties
but suffers from poor solubility and bioavailability. To enhance its therapeutic efficacy, mangiferin was incorporated into
a nanomatrix of N-succinyl chitosan grafted with alginate. Characterization techniques, FTIR, and two-dimensional
nuclear magnetic resonance (2D-NMR), confirmed strong interactions between mangiferin and the N-succinyl chitosan
matrix. The resulting nanoparticles exhibited a spherical morphology with sizes ranging from 100 to 200 nm and
demonstrated a complete in vitro drug release profile. In vivo studies revealed significant therapeutic effects, with blood
glucose levels decreasing from approximately 300 mg/dL to around 90 mg/dL following treatment with the nanoparti-
cles. Additionally, the formulation led to a 37% reduction in total plasma cholesterol and a 61% decrease in serum
triglycerides, which are notably higher reductions compared to previous studies that reported only 1-36% and 10-40%
reductions, respectively, with mangiferin alone.”” These findings suggest that N-succinyl chitosan-alginate grafted
nanoparticles could serve as an effective delivery system for mangiferin, enhancing its bioavailability and therapeutic
potential against atherosclerosis in diabetic conditions, while also mitigating oxidative stress and inflammatory responses
associated with hyperlipidemia.

Another work aimed to develop targeted polymeric nanoparticles based on mangiferin for enhanced protection of
pancreatic B-cells and improved efficacy against type 1 diabetes mellitus (T1DM). The researchers constructed MGF-
loaded nanoparticles using a biodegradable and biocompatible polymer, poly(lactic-co-glycolic acid) (PLGA), and
functionalized them with a B-cell-targeting peptide. The optimized nanoparticles had a size of around 150 nm, a narrow
size distribution, and a high mangiferin encapsulation efficiency (6.86 + 0.60%). In vitro studies demonstrated that the
targeted nanoparticles effectively protected pancreatic B-cells from cytokine-induced apoptosis and preserved insulin
secretion. In a mouse model of T1DM, a single intravenous injection of the targeted nanoparticles significantly reduced
hyperglycemia, increased insulin levels, and preserved pancreatic f-cell mass compared to non-targeted nanoparticles or
free MGF as summarized in Figure 5. The findings suggest that this targeted MGF nanoparticle system could be a
promising therapeutic approach for protecting pancreatic p-cells and managing TIDM."?

These data glorify the potential of mangiferin as a therapeutic agent in the management of type 2 diabetes and its
associated complications, particularly diabetic nephropathy. Further research is warranted to elucidate the precise
mechanisms underlying the antidiabetic effects of mangiferin and to explore its clinical applications.

Antimicrobial Properties

It is obvious from the molecular structure of mangiferin that it would constitute a strong bioactivity against microbes (as
antimicrobial agent). This conclusion can be drawn from the highly polar nature of the molecule gained by the multiple
hydroxyl moieties, in addition to the carbonyl as well as ether bridges (see Figure 1) as in the case of other plant
bioactive flavonoids and glycosides.”* The antimicrobial properties of mangiferin are well established against viruses and
bacteria as depicted in Figure 6.

For instance, Anemarrhena asphodeloides, a plant commonly used in traditional Chinese medicine, is known for its
antiviral and antibacterial potency through its primary active component mangiferin.”” Studies have shown that
mangiferin effectively combats Staphylococcus aureus and Salmonella typhi bacteria.”® Furthermore, in tissue culture
experiments, both mangiferin and isomangiferin demonstrated antiviral effects against herpes simplex virus-1 (HSV-1).
These two compounds displayed a substantial reduction of the plaques at rates of 56.8% and 69.5%, respectively.’®
Similarly, in a rigorous in vitro investigation, mangiferin demonstrated notable antiviral efficacy against herpes simplex
virus-2 (HSV-2) in HeLa cell cultures. Quantitative analysis revealed a half-maximal effective concentration (ECso) of
111.7 mg for inhibiting HSV-2 plaque formation, with a corresponding therapeutic index of 8.1.”" These findings
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Figure 5 In vivo injection of polymeric nanoparticles containing GLP-1 for targeted delivery of mangiferin into B-islets of pancreas for the treatment of TIDM along with the
obtained findings. Figure was reproduced from WangM, ZhangZ, HuoQ, et al. Targeted polymeric nanoparticles based on mangiferin for enhanced protection of pancreatic -cells
and type | diabetes mellitus efficacy. ACS Appl. Mater. Interfaces. 2022;14:11092-11103. Copyright 2022 American Chemical Society.”?

Mangiferin
Antimicrobial activity

Viruses

G+ G- HSV-1 HSV-2

S. aureus E. coli S. typhi P. gingivalis

Figure 6 Antimicrobial activity of mangiferin against different classes of bacteria and viruses.

underscore the importance of natural compounds like mangiferin in the ongoing search for novel antiviral strategies,
particularly in addressing the challenge of drug-resistant viral strains.

Previous studies have extensively evaluated the antimicrobial potency of mango kernel extracts. It turned out that the
extract holds antibacterial activity against Escherichia coli and other Enterobacteriaceae spp. Notably, mangiferin, a

288 https: Nanotechnology, Science and Applications 2025:18



Al-Madhagi

bioactive compound found in mango, has demonstrated remarkable antibacterial activity even against highly resistant
strains including methicillin-resistant Staphylococcus aureus.”®"’

Thai mango (M. indica) seed kernel extract has been demonstrated to possess strong bactericidal actions.
Additionally, the chloroform as well as aqueous extract of mango leaves succeeded to break methicillin-resistant
Staphylococcus aureus (MRSA) with an inhibition zone of 16 mm.*

Interestingly, the mangiferin’s antibacterial activity extends to in vivo as well, particularly against specific periodontal
pathogens, such as Actinobacillus actinomycete mcomitans, Prevotella intermedia, Porphyromonas gingivalis,
Fusobacterium nucleatum, and Peptostreptococcus species. This has led to the suggestion that mangiferin could be
marketed as an alternative remedial agent or an adjunctive treatment alongside traditional antibiotics.®’

Biofilm formation is a critical factor in urinary tract infections, as it provides uropathogenic bacteria with resistance to
antimicrobials. A recent study evaluated the efficacy of a methanolic extract of Mangifera indica seed kernels against 17
biofilm-producers strains of uropathogenic E. coli (UPEC) identified from urine samples. The extract demonstrated
significant antibacterial and anti-biofilm activity at concentrations of 50 ug/mL and 100 pg/mL. Phytochemical analysis
revealed the presence of bioactive compounds, mainly mangiferin, which was confirmed through FTIR, and Gas
chromatography analysis. In silico exploration indicated that mangiferin can bind to active sites of LpxC in E. coli,
suggesting it may be the key compound responsible for the observed effects.®? Overall, this confirms the anti-biofilm
activity of mangiferin which is favorable strategy to combat antibiotic resistance.

Mangiferin Nanoformulations

In a pioneering work, Sicurella et al synthesized mangiferin-loaded smart semisolid gels based on phosphatidylcholine
and Pluronic as topical delivery systems to treat HSV-1 infections. Lecithin organogels, Pluronic gels, and Pluronic
lecithin organogels were formulated and characterized, with mangiferin efficiently incorporated into all gel types. In vitro
diffusion studies demonstrated the gels’ ability to control drug release, especially the Pluronic organogel. Cutaneous
administration of the gels was found to be safe in human volunteers. Importantly, a plaque reduction assay revealed the
virucidal effect of mangiferin-loaded Pluronic gel and Pluronic lecithin organogel against the HSV-1 KOS strain.®?

Another research focused on the creation of mangiferin-loaded core-shell hydrogel beads made from carrageenan and
chitosan, utilizing a one-step gelling technique to enhance the solubility and stability of mangiferin. The resulting beads
were characterized by favorable physicochemical attributes, high encapsulation efficiency (85%), and a controlled release
profile. Safety assessments indicated low cytotoxicity, while antioxidant and antimicrobial tests highlighted their
potential for use in food preservation. Overall, the findings suggest that these innovative hydrogel beads could effectively
improve the bioavailability and stability of mangiferin in functional foods and nutraceutical applications.®*

This study aimed to develop mangiferin-loaded B-lactoglobulin (BLG) nanoparticles for oral delivery. The nanopar-
ticles were prepared using a desolvation technique and characterized for particle size, zeta potential, encapsulation
efficiency, and in vitro release. The optimized nanoparticles had a size of 220 nm, a zeta potential of —25 mV, and an
encapsulation efficiency of 80%. In vitro release studies showed a biphasic-release pattern with an initial burst release
followed by sustained release over 24 hours. The nanoparticles demonstrated good stability when stored at 4°C for 30
days. DPPH assay confirmed that nanoencapsulation retained the antioxidant activity of mangiferin. The study suggests
that BLG nanoparticles could be a promising carrier for oral delivery of mangiferin, potentially enhancing its bioavail-
ability and therapeutic efficacy. These nanoparticles displayed potent antibacterial activities against Staphylococcus
aureus (G+) and Escherichia coli (G-) strains, while showing no toxicity to beneficial probiotic strains found in the
gastrointestinal tract. The findings suggest that mangiferin/B-lactoglobulin nanoparticles could serve as a promising
candidate for oral delivery applications.®® These findings confirm the antibacterial properties of mangiferin, suggesting its
potential as an antibacterial agent.

Toxicity Concerns of Mangiferin

After examining the various pharmaceutical activities involving anti-cancer, antioxidant, anti-neurodegeneration, anti-
diabetic and antimicrobial properties of mangiferin, one should assess its potential toxicity in its free and nanoparticles-
loaded formulations before being applied in the clinical context.
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Mangiferin, a natural compound derived from various parts of the mango tree, is generally considered safe for human
use. Several studies have investigated the toxicity profile of mangiferin, and the findings suggest that it has a wide safety
margin. Recent pharmacokinetic research has unveiled promising insights into mangiferin’s safety profile and physiolo-
gical impact. A human trial involving oral administration of 0.9 g mangiferin yielded no observable toxic effects,
corroborating a growing consensus on its safety. This finding aligns with a multitude of studies that have consistently
demonstrated mangiferin’s dual capacity for safety and cellular function enhancement. Particularly noteworthy are the
results from in vitro experiments on vascular smooth muscle cells, where mangiferin exhibited remarkable vascular
protective properties across a wide concentration range (0.1 to 100 pM) without inducing cytotoxicity.*® These findings
collectively underscore mangiferin’s potential as a safe and efficacious compound for improving vascular health,
warranting further investigation into its therapeutic applications in cardiovascular medicine and beyond.

Comprehensive toxicological evaluations of mangiferin have yielded reassuring results across multiple experimental
models. In vivo studies utilizing NMRI mice demonstrated that oral administration of mangiferin at a dose of 2 g/kg did
not induce genotoxic effects in bone marrow erythrocytes. Complementary in vitro assessments, including the Ames test
and Escherichia coli PQ37 assay, revealed no significant increase in reverse mutations or primary DNA damage when
mangiferin was applied at concentrations ranging from 0.050 to 5 mg/plate and 0.005 to 1 mg/mL, respectively.®’
Furthermore, the Comet assay showed no evidence of single-strand DNA breaks or alkali-labile sites in blood peripheral
lymphocytes or hepatocytes exposed to mangiferin concentrations between 0.010 and 0.500 mg/mL for a duration of 1
hour.® These findings collectively support the safety profile of mangiferin, suggesting minimal genotoxic potential
across various biological systems and concentration ranges.

Furthermore, a 3-month oral administration of mango leaf extract containing 60% mangiferin at a dose of 2 g/kg BW/
day to rats did not result in any mortality or toxic effects.* Similarly, the aqueous extract from Mangifera indica leaves
and its biotransformation metabolites did not show measurable genotoxicity or mutagenicity.”®

Moreover, a recent investigation explored the toxicological profile of novel hybrid nanoparticles incorporating PLGA
and ZnO, loaded with the phytochemicals lupeol and mangiferin. Utilizing an ex vivo model of human peripheral blood
mononuclear cells (PBMCs) and erythrocytes, researchers evaluated the biocompatibility of these engineered particles.
The study revealed a concentration-dependent toxicity profile, with sol-gel synthesized ZnO exhibiting adverse effects at
1 mg/mL for both cell types. Conversely, PLGA-based particles demonstrated superior biocompatibility, inducing no
significant apoptosis in PBMCs after 72 hours of exposure. Notably, the lupeol standard showed comparable efficacy to
the chemotherapeutic agent etoposide in mononuclear cells. These findings highlight the potential of PLGA as a safe
encapsulation material for bioactive compounds at concentrations up to 1 mg/mL, suggesting its viability for applications
in food science and pharmaceutical development.®'

Based on the available cellular and animal studies, mangiferin and the corresponding nanoformulations can be
considered a safe natural compound. However, it is important to note that more human studies are needed to further
establish its safety profile in clinical settings.

Conclusions and Future Prospects

In conclusion, mangiferin’s diverse pharmacological properties, including its antioxidant, anti-inflammatory, anticancer,
antimicrobial, and anti-diabetic activities, make it a promising candidate for the development of novel therapeutic agents
and nutraceuticals. Its natural origin and relatively low toxicity further support its potential for clinical applications. The
comprehensive overview of mangiferin’s phytochemistry, pharmacokinetics, and medicinal properties presented in this
mini-review highlights the significance of this compound in the discovery of novel treatments for various diseases,
particularly in its nanoformulations as it offers broader distribution, higher bioavailability, and superior potency when
compared to the free form. Future prospects for mangiferin include developing novel therapeutic agents by optimizing
bioavailability, efficacy, and safety for various disease indications, as well as exploring its potential as a dietary
supplement for preventive and therapeutic purposes. Synthesizing and optimizing derivatives with enhanced bioactivities
is also a promising area of research. Clinical trials should assess safety, efficacy, and optimal dosing for various disease
indications, and combination therapies with other therapeutic agents should be explored. Elucidating the molecular
mechanisms underlying mangiferin’s bioactivities is crucial, as is establishing robust quality control measures.”>
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Pharmacokinetic and pharmacodynamic modeling can help optimize dosing regimens and treatment durations, and

investigating therapeutic potential in new disease areas is also warranted. Finally, fostering interdisciplinary collaboration

and knowledge sharing is essential for translating research findings into clinical practice.
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