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Abstract

This review aims to provide an in-depth analysis of the pharmacological properties of mangiferin, focusing primarily on
its bioavailability and mechanisms of action, and its potential therapeutic applications, especially in the context of chronic
diseases. We conducted a comprehensive examination of in vitro and in vivo studies, as well as clinical trials involving man-
giferin or plant extracts containing mangiferin. The primary source of mangiferin is Mangifera indica, but it’s also found
in other plant species from the families Anacardiaceae, Gentianaceae, and Iridaceae. Mangiferin has exhibited a myriad of
therapeutic properties, presenting itself as a promising candidate for treating various chronic conditions including neurode-
generative disorders, cardiovascular diseases, renal and pulmonary diseases, diabetes, and obesity. Despite the promising
results showcased in many in vitro studies and certain animal studies, the application of mangiferin has been limited due
to its poor solubility, absorption, and overall bioavailability. Mangiferin offers significant therapeutic potential in treating a
spectrum of chronic diseases, as evidenced by both in vitro and clinical trials. However, the challenges concerning its bio-
availability necessitate further research, particularly in optimizing its delivery and absorption, to harness its full medicinal
potential. This review serves as a comprehensive update on the health-promoting and therapeutic activities of mangiferin.

Keywords Mangiferin - Pharmacological properties - Mechanisms of action - Chronic diseases - Clinical studies

Introduction

Herbs have historically served as a reservoir of medici-
nal compounds and continue to underpin many of today’s
pharmaceuticals (Ginsburg and Deharo 2011). The surge
in interest in phytocompounds among the scientific com-
munity can be attributed to their cost-effectiveness, supe-
rior bioavailability, and lower toxicity when juxtaposed with
synthetic therapeutic drugs. While these natural compounds
may undergo changes in performance and structure, intrinsic
structural resemblances remain among analogs of these com-
pounds. Such similarities often render natural compound
ligands more adept at achieving biological objectives than
their synthetic counterparts (Ginsburg and Deharo 2011).
Polyphenols are extensively found in natural vegetables and
fruits and represent a significant group of phytochemicals
whose pharmacological activities are widely studied (Jangra
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et al. 2020). Mangiferin (MGF), also known as alpizarin
or quinoline, with the chemical formula C19H18011
and TUPAC name 1,3,6,7-tetrahydroxyxanthone C2-f-D-
glucoside or 2-p-D-glucopyranosyl-1,3,6,7-tetrahydroxy-
xanthone, is a natural xanthone polyphenolic compound
(Wilkinson et al. 2008) (Dutta et al. 2023). This compound
is found in various plant species belonging to diverse botani-
cal families, as outlined in Table 1. Prominently, it is syn-
thesized by specific plants within the Anacardiaceae, Gen-
tianaceae, and Iridaceae families (Chu et al. 2018). Notably,
its presence has been documented in different parts of these
plants, including the bark, berries, roots, and leaves (Chu
et al. 2018, Jyotshna et al. 2016).

Within the traditional medicine of China, India, and
Cuba, MGF-rich plant species have been applied to treat
cardiovascular illness, diabetes mellitus, infections, and
tumors (Morozkina et al. 2021). The chief source of MGF
is the species Mangifera indica (Lum et al. 2022). This spe-
cies, known as mango, is among the most profitable fruits

@ Springer
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Table 1 Significant sources for

e Genus Plant species Family Reference
mangiferin

Mangifera M. indica L Anacardiaceae Kulkarni and Rathod (2018)
M. odorata Lasano et al. (2019)
M. persiformis Nong et al. (2005)
M. caesia Sulaiman and Ooi (2012)
M. foetida Sulaiman and Ooi (2012)
M pentranda Sulaiman and Ooi (2012)
M quadrifida Sulaiman and Ooi (2012)

Gentiana G. asclepiadea Gentianaceae Popovic et al. (2021)
G.lutea Cvetkovi¢ et al. (2020)
G.pneumonanthe Popovic et al. (2021)
G.rhodantha Xuetal. (2011)

Hypericum H. perforatum Hypericaceae Tikhomirova and Gulikova (2021)

Bombax B. ceiba Malvaceae Bhargava and Shah (2020)

Anemarrhena A.asphodeloides Asparagaceae Chae et al. (2011)

Salacia S. chinensis L Celastraceae Ngo et al. (2019)

Aphloia A. theiformis Aphloiaceae Grauzdyte et al. (2020)

Pueraria P. tuberosa Fabaceae Bulugonda et al. (2017)

grown in tropical and subtropical areas worldwide (Hirano
et al. 2010). MGF is extracted from young leaves, bark, and
old mango leaves at 172, 107, and 94 g/kg concentrations,
respectively (Barreto et al. 2008). The mango plant is uti-
lized in traditional medicine globally to treat conditions and
diseases of different organs and systems, such as digestive,
pulmonary, auto-immune, metabolism disease, hyperten-
sion, insomnia, and tetanus (Ediriweera et al. 2017a). In
Ayurveda, mango is utilized to alleviate digestion issues
and counteract acidity caused by heat (pitta). Concurrently,
in traditional Chinese medicine (TCM), mango is a principal
bioactive constituent of more than 40 polyherbal formula-
tions (Jyotshna et al.). This review aims to discuss novel
information on the bioavailability, pharmacological effects,
and clinical trials of MGF in some commonly encountered
chronic diseases except cancer for further development of
new medical treatments.

Review methodology

Information on MGF was acquired from specialized data-
bases including PubMed/MedLine, ScienceDirect, Google
Scholar, SciFinder, and TRIP Database. The search strategy
employed the following MeSH terms: “mangiferin,” “bio-
availability,” “pharmacological studies,” “gastroprotective,”’
“cardioprotective,” “neuroprotective,” “pulmonary AND/OR
skin diseases,” “metabolism effects,” “clinical and preclini-
cal studies,” and “safety AND tolerability.”

Inclusion Criteria: studies published in English between
the years 2002 to 2023; studies containing comprehensive
data on the bioavailability, mechanisms of action, and other
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pharmacological experiments associated with MGF; articles
discussing the pharmacological effects and clinical trials of
MGF in commonly encountered chronic diseases, excluding
cancer.

Exclusion Criteria: abstracts and duplicates; studies that
included homeopathic-associated medications; articles pub-
lished outside the specified date range.

Chemical formulas associated with MGF were cross-ref-
erenced with PubChem, while plant taxonomy was verified
with World FloraOnline (WFO 2021; PubChem 2022). The
essential data were synthesized and displayed in tables and
figures.

Bioavailability of Mangiferin
Pharmacokinetics and metabolic insights of MGF

MGF’s bioavailability has been a topic of extensive research.
Many studies emphasize its limited bioavailability upon oral
administration, which can be attributed primarily to its poor
solubility in aqueous solutions. A case in point, in rat stud-
ies, the bioavailability was measured to be a mere 1.2% (Hou
et al. 2012). The metabolic processes that MGF undergoes
are intricate; starting with its biotransformation, MGF is
subjected to a series of reactions: glycosylation, methylation,
deglycosylation, glucuronidation, dihydroxylation, and sul-
fation. After oral administration in rats, MGF and its subse-
quent metabolites were detected in a wide spectrum of vital
organs, which includes the heart, kidneys, intestines, lungs,
liver, and spleen.; they were also present in urine, plasma,
and feces (Liu et al. 2011) (Fig. 1). Regarding the challenges
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of MGF’s bioavailability, its lipophilicity is notably poor.,
this intrinsic characteristic results in diminished permeation
through the intestinal membrane, subsequently leading to
subpar oral assimilation the therapeutic may be constrained
due to its absorption dynamics, especially from the human
gastrointestinal tract, there is also the influential aspect of
the hepatic first-pass effect to consider. For the pharma-
cokinetic evaluation, MGF was administered at a dose of
30 mg/kg both orally and intraperitoneally to separate rat
cohorts (Kammalla et al. 2015). A detailed assessment of
MGF’s metabolites was undertaken using ESI-MSn from
blood samples. This involved contrasting the retention times
with synthesized standards in HPLC. The observations were
intriguing; a nominal concentration of MGF was identified
in plasma when administered alone, which hints at its exten-
sive metabolism and potential tissue-specific protein binding
(Kammalla et al. 2015).

Significantly, previous research underscores the thera-
peutic efficacy of MGF derivatives like norathyriol (Guo

@ Mangiferin o
@ 9 o ©
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Fig. 1 Illustrative scheme regarding absorption and metabolism of
mangiferin. Innovative approaches such as different nanostrategies
(nanoparticles, micelles, phytocomplexes, nanoemulsions) enhance

et al. 2018). Norathyriol, identified as a principal metabolite
of MGF, was detectable post both oral and intraperitoneal
administrations (Guo et al. 2018). Further, a unique micro-
bial angle emerged with the identification of Bacteroides
species as the progenitor of a secondary MGF metabolite
(Sanugul et al. 2005). This microbial interplay accentuates
the importance of gut flora in MGF’s metabolic dynam-
ics. Both norathyriol and MGF have been associated with
improved glucose utilization and insulin sensitivity, attrib-
utable to their regulatory effect on AMPK phosphorylation,
and this positions norathyriol as an active metabolite with
potential antidiabetic efficacy (Sanugul et al. 2005). The
overall metabolic profile of MGF, given different adminis-
tration routes, revealed its restricted gastrointestinal absorp-
tion post-oral intake and its transformation into various
metabolites. After undergoing phase II metabolism, MGF’s
aglycone norathyriol is acted upon by intestinal microbes.
A mere 4 h post-administration, MGF and its metabolites
were discernible in the liver, intestines, and kidneys. These

Liver
Metabolization
Hepatic first-pass
Major active
metabolite
* Norathyriol

Stomach
Low absorbtion

Small intestine
Metabolic end
products of
mangiferin

the bioavailability of MGF, thus paving the way for its more efficient
therapeutic applications. Symbols: |decrease, fincrease
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metabolites predominantly find their way out via urine, with
a half-life ranging from 4 to 8 h. Further insights, such as
MGF’s influence on renal expressions and enzymatic activi-
ties, were obtained from studies conducted by Li et al. (Li
et al. 2020a).

Complexation, nanoformulation, and related
technologies applied to mangiferin for enhancing
bioavailability and therapeutic effects

The primary challenge associated with MGF therapeu-
tic effects is related to its poor aqueous solubility and low
bioavailability upon oral administration. Over the years,
researchers have leveraged complexation, nanoformulations,
and other cutting-edge technologies to augment MGF’s bio-
availability and optimize its therapeutic effects (Mei et al.
2023).

Complexation of MGF with phospholipids has shown
promising results by forming MGF-phospholipid complexes,
the solubility and permeability of MGF in the gastrointesti-
nal tract are enhanced, leading to increased bioavailability.
This ingenious complex not only elevates MGF’s solubil-
ity but also enhances its solubility in rats (Ma et al. 2014).
When juxtaposed with standalone MGF, the MGF-phospho-
lipid complex exhibited a marked increase in bioavailabil-
ity, ranging from 2.3-fold to 9.75-fold (Ma et al. 2014). To
amplify the focus on this significant facet of the study, the
exploration of MGF’s complexation with other compounds
warrants its own segment. Notably, the reversible interaction
between MGF and human serum albumin was characterized
by dominant hydrophobic interactions (Yue et al. 2009). This
interaction is worth noting, as in polyherbal formulations,
MGF’s bioavailability saw a remarkable surge compared
to its individual form and it demonstrated a higher affinity
towards human serum albumin binding (Yue et al. 2009).

Cyclodextrins, particularly p-cyclodextrins, are cyclic
oligosaccharides that can form inclusion complexes with
hydrophobic molecules. Complexation of MGF with cyclo-
dextrins can increase its water solubility, thus improving
its oral bioavailability (Zhang et al. 2010). Continuing on
the path of complexation, Zhang et al.’s research delineated
that orally administered MGF complexed with hydroxypro-
pyl-beta-cyclodextrin (HPb-CD) possesses the capability
to cross the blood-ocular barrier. Given Mangiferin’s lim-
ited solubility in water, it was complexed with HPb-CD to
enhance its solubility and absorption; HPb-CD has a hydro-
philic exterior due to hydroxyl groups and a hydrophobic
cavity, making it efficient in forming complexes with hydro-
phobic molecules like mangiferin. This property ensures
HPb-CD’s water solubility and positions cyclodextrins as
potential solubilizers. These results underpin the potential of
MGEF in preemptively combatting oxidative stress in ocular
conditions (Zhang et al. 2010).

@ Springer

Nanoparticle systems, including polymeric and lipid-
based nanoparticles, have been studied for MGF encapsu-
lation (Zhang et al. 2010; Fabian et al. 2023). These nano-
particles can provide protection to MGF from the external
environment, increase cellular uptake, and improve its
distribution profile (Fabian et al. 2023; Mao et al. 2019).
Liposomes are vesicular structures made of phospholipid
bilayers that can encapsulate MGF, thereby enhancing its
stability and solubility. Liposomal formulations can pro-
long the release of MGF, offering sustained therapeutic
effects (Mao et al. 2019). Nanoemulsions comprising of oil,
surfactants, and water, nanoemulsions can solubilize lipo-
philic drugs like MGF; they present an avenue to improve
the dissolution rate and hence the bioavailability of MGF
(Pleguezuelos-Villa et al. 2019; Barakat et al. 2022).

Solid dispersion formulations are made by dispersing
MGF in a water-soluble carrier matrix, its dissolution rate
can be augmented. This approach has been explored to
overcome the solubility limitations of MGF (Barakat et al.
2022). Self-microemulsifying Drug Delivery Systems
(SMEDDS) are isotropic mixtures of oils, surfactants,
and co-solvents/surfactants that can form fine oil-in-water
microemulsions when exposed to aqueous phases, such
as the gastrointestinal fluid. Incorporation of MGF into
SMEDDS can lead to enhanced dissolution and bioavail-
ability (Xuan et al. 2012).

Micelles are formed from surfactants and can encapsulate
hydrophobic compounds like MGF, enhancing their solubil-
ity and stability in aqueous solutions (Pleguezuelos-Villa
et al. 2019; Barakat et al. 2022; Xuan et al. 2012).

Pharmacological studies of mangiferin:
evidence based on in vitro and in vivo
studies

Neuroprotective effect

Neurological disorders are more prevalent in aging popula-
tions, making it important to explore adjuvant natural treat-
ments. In this sense, MGF exhibited various beneficial
effects on the central nervous system in vitro and in vivo
(Table 1). Mangiferin (MGF) has been highlighted for its
neuroprotective qualities (Sekar 2015). Specifically, it has
been shown to counteract cognitive impairments and AICI3-
driven reductions in the brain-derived neurotrophic factor
(BDNF) within the hippocampus (Kasbe et al. 2015a). Fur-
ther investigations revealed MGF’s capability to mitigate
lipopolysaccharide (LPS)-triggered cognitive decline, simul-
taneously diminishing LPS-induced IL-6 levels in the hip-
pocampus (Fu et al. 2015a). Additionally, Infante-Garcia
et al. (2017) documented MGF’s effectiveness in attenuating
inflammation and TAU hyperphosphorylation in neural
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regions like the cortex and hippocampus, fostering the res-
toration of both episodic and spatial memories. Moreover,
MGF demonstrated potential antidepressant properties, alle-
viating stress-induced behavioral disruptions. This effect can
be attributed to the suppression of NLR Family Pyrin
Domain Containing 3 (NLRP3), the adaptor protein ASC,
and caspase-1, leading to decreased synthesis of pro-inflam-
matory markers like IL-1p and IL-18 (Cao et al. 2017). In a
model of spinal cord harm, MGF regulated the oxidative
stress reactions (reactive oxygen species (ROS), H,0,,
superoxide dismutase (SOD), glutathione peroxidase (GPX),
and catalase (CAT)) (Li et al. 2018b). Furthermore, it inhib-
ited the mitochondrial pathway apoptotic markers (SKIP,
ASK1, Fas, tBid, APAF-1, and caspase-3). The protective
properties of MGF (10 mg/kg) were evaluated against spi-
nocerebellar ataxia type-2 (SCA-2) characterized by induced
memory disorder in female transgenic mice for one year.
According to the authors, MGF ameliorated memory recog-
nition but did not impact in memory of SCA-2 mice (Pardo
Andreu et al. 2010). The oral administration of MGF at
doses of 50, 100, and 200 mg/kg was employed for 4 months
to assess the effect on the spatial memory of lead-induced
neurotoxicity in rats (Li et al. 2013). At a high dose, it
improved rats’ spatial learning and decreased the hidden
platform’s latency time (Li et al. 2013). Also, Liu et al.
administered MGF orally for 9 weeks to Sprague—Dawley
rats of STZ-induced cognitive impairment at three different
doses: 15, 30, and 60 mg/kg (Liu et al. 2013). As a result,
MGF improved the cognitive functions indicated by sup-
pressing the escape latency and increasing the time spent in
a dose-dependent manner. Mechanistically, MGF triggered
methylglyoxal hyperactivity. The neuropharmacological
study of MGF (applied in doses 10, 20, and 40 mg/kg) was
conducted intraperitoneally in scopolamine(sco)-generated
amnesia in juvenile and aged Swiss albino mice for 2 weeks
(Biradar et al. 2012). The results indicated that MGF exhib-
ited the ability to reverse scopolamine-induced memory
deficits and enhance learning performance, and this was
demonstrated by reduced transfer latency in an elevated plus
maze test (EPM) and increased step-down latency in the
passive avoidance test (PAT) (Biradar et al. 2012). Further-
more, only the high dose of MGF reinstated the activity of
brain cholinesterase and biogenic amines such as dopamine
and norepinephrine in the brain (hippocampus) (Biradar
et al. 2012). In another scopolamine-induced memory deficit
study, oral administration of 20 mg/kg of MGF inhibited
acetylcholinesterase (AChE) activity with ICy, value of
62.8 uM in male mice (Jung et al. 2009). Then, the results
indicated a decrease in the escape latency in training trials
and swimming times in the Morris maze test and PAT. Fur-
thermore, MGF attenuated TNF-a production and NF-kB
signaling pathways in scopolamine or TNF-a-stimulated
BV-2 microglial cells (Jung et al. 2009). Feng et al. (2017)

conducted a study on MGF (40 mg/kg, orally) to evaluate its
effect on sleep deprivation (SD)-induced memory damage
in Swiss albino mice for 2 weeks (Feng et al. 2017). Results
from the Morris water maze assessment and novel object
recognition (NOR) showed a decrease in escape latency con-
jugated and a rise in the crossing number over the platform
position. MGF also improved the recognition index without
affecting the total exploratory time (Feng et al. 2017). In the
old APP/PS1 transgenic mice model, a long-time oral
administration of 50 mg/kg of MGF caused significant ame-
lioration of spatial and episodic memory of APP/PS1 mice
(Infante-Garcia et al. 2017). Also, Fu et al. analyzed the
neural effects of MGF (50 mg/kg) on lipopolysaccharide
(LPS)-induced neural damage and cognitive deficiency in
Kunming male mice of 1-month-old for twelve days (Fu
et al. 2015b). The oral administration significantly reduced
the escape latency and the time spent, suggesting the poten-
tial effect of MGF to ameliorate LPS-induced memory
impairment, and learning disabilities in mice (Fu et al.
2015b). In a similar study of LPS-triggered neurological
disorder of mice, the oral administration of MGF (20 and
40 mg/kg) enhanced the anxiety-like behavior in EPM and
light—dark box and open-field tests (Jangra et al. 2014). It
also ameliorated the anhedonia behavior and social com-
munication time. It abolished the depressive effect evoked
by LPS, as demonstrated by a forced swim and tail suspen-
sion test. Additionally, it reduced the hippocampal glu-
tathione (GSH) content, SOD, and CAT activities along with
the hippocampal interleukin-1 beta (IL-1p) production lead-
ing to the inhibition of neuroinflammation in the hippocam-
pus and prefrontal cortex. Yang et al. assessed the protective
effect of MGF on cerebral ischemia—reperfusion damage in
Wistar male rats (Yang et al. 2016). The intragastric applica-
tion of MGF (25, 50, and 100 mg/kg) significantly amended
the neurological impairment, water content, IL-1  and
tumor necrosis factor (TNF-a), lipid peroxidation, and brain
antioxidants (GSH and SOD) in the brain tissue of cerebral
ischemic rats. Then, MGF modulated the expressions of the
nuclear factor erythroid 2-related factor-2 (Nrf-2) and heme-
oxygenase-1 (HO-1). The neuroprotective activity of MGF
(20 and 40 mg/kg) was proven to aluminum chloride
(AICl,)-induced cognitive dysfunction and neurotoxicity in
mice (Kasbe et al. 2015b). This study was conducted for
42 days. A high dose of MGF reduced the retention latency
accompanied by an increased crossing number over a plat-
form and recognition index, as evidenced in MWM and
NOR findings. It lessened the hippocampal oxide-nitrosative
stress and proinflammatory cytokines (Kasbe et al. 2015b).
In another model of lipopolysaccharide (LPS)-activated pri-
mary rat microglia, MGF (1-50 uM) effectively modulated
the microglial activation as evidenced by the attenuation of
LPS-induced prostaglandin E2 (PGE2) and 8-iso-prostaglan-
din F2a (8-iso-PGF2a) production (Bhatia et al. 2008). It
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downregulated the expression of LPS-induced cyclooxyge-
nase (COX-2) protein in a dose-dependent way. Not observed
effects in p38 mitogen-activated protein kinase (p38 MAPK)
phosphorylation or inducible nitric oxide synthase (iNOS)
or TNF-a production (Bhatia et al. 2008). Another study
investigated MGF’s behavioral and neurological outcomes
(applied i.p. in doses 10, 50, or 100 mg/kg) in normal male
Wistar rats (Pardo Andreu et al. 2010). MGF immediately
boosted NOR memory post-training but did not affect NOR
6 h post-training. The locomotion or motivation was not
affected (Pardo Andreu et al. 2010). In a different study,
MGTF isolated from Hypericum aucheri (Clusiaceae) con-
tributed to the antidepressant effect via the suppression of
inhibited MAOA (IC5,=40.1 mM) and MAOB
(IC5o=1 mM) dose-related action in hepatic mitochondria
in rats (Dimitrov et al. 2011). The forced swimming test
(FST) produced a decreased immobilization time in rats
treated with MGF. Moreover, MGF provoked anti-dementia
effects via improved learning, memory retention, and lipid
peroxidation in a senescence-accelerated mouse-prone 8
(SAMPS) mouse model (Du et al. 2019). It lowered the dam-
age to hippocampal neurons and mitochondria and down-
regulated amyloid-p (Ap1-40 and AP1-42) expression,
reducing its deposition in the brain tissues. However, it did
not affect amyloid precursor protein (APP) within the brain
of SAMPS mice. In this study, the human U138-MG glio-
blastoma cells upregulated cell proliferation, nerve growth
factor (NGF), and TNF-a. The authors concluded that MGF
induced recognition. It enhanced memory cognition in
mechanisms related to neurotrophin and cytokine levels. In
a recent study, it has been investigated the antinociceptive
properties of MGF (10 to 100 mg/kg) using chemical models
(acetic acid, formalin, and capsaicin) and thermal models
(hot-plate and tail-flick) in male Swiss mice (Lopes et al.
2013). The oral treatment remarkedly reduced pain in the
chemical models in a naloxone-sensitive way in a mecha-
nism related to endogenous opiates, KATP channels, and
adenosine receptors. However, it did not modulate the ther-
mal nociception in hot-plate and tail-flick test models, indi-
cating that its analgesic actions are merely peripheral rather
than central. Therefore, interestingly, the above studies
reveal that oral administration is sufficient to achieve an
effect in the brain and intravenous or intranasal administra-
tion is not necessary, as prevails for some molecules of low
solubility, stability and bioavailability.

Gastroprotective effect
Gastrointestinal (GI) diseases encompass a broad range of
conditions that affect the digestive system and they can

range from benign, self-limiting symptoms like heartburn
or indigestion to severe, life-threatening conditions such
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as gastric, colorectal cancers and inflammatory bowel
disease (GBD collaborators 2022, Lazarus et al. 2023).
Given the scope and symptoms of these diseases, there’s
a growing emphasis on identifying potent, natural bioac-
tive compounds that can prevent or mitigate their effects
(Zhou et al. 2022; Morais et al. 2015b). MGF, isolated
from Curcuma amada (Zingiberaceae), was encapsulated
in B-lactoglobulin (f-LG) to produce spherical nanopar-
ticles with uniform particle size (%70 nm) (Telange et al.
2021). The nanoparticles resisted enzymatic digestion and
were released in the colon fluid, provoking an anti-micro-
bial effect against Staphylococcus aureus and Escherichia
coli. Interestingly, the nanocarrier did not exert any toxic
properties against the probiotics of the colon. MGF (3, 10,
40, or 100 mg/kg) is beneficial in regulating gastrointes-
tinal transit (GIT) disturbances in normal and constipated
rats (Cavalcante Morais et al. 2012). Compared to tegas-
erod, a standard medication, MGF increased GIT in normal
and constipated mice. Also, it accelerated fecal production
without affecting the water content in the fecal mass. Addi-
tionally, it did not induce any diarrheic effect. An in vivo
study tested the protective effect of MGF (3, 10, and 30 mg/
kg) against ethanol and indomethacin-induced gastric
mucosal injury (Carvalho et al. 2007). MGF restored the
protein-free sulfhydryl content of gastric mucosa in mice.
Also, it inhibited ethanol-induced gastrointestinal damage
by 63% at a high dose (Carvalho et al. 2007). In another
gastric ulcer rat model, MGF produced a gastroprotec-
tive effect by a mechanism related to the upregulation of
Nrf2, HO-1, and PPAR-y along with the downregulation of
NF-kB and iNOS in a dose-dependently (Mahmoud-Awny
et al. 2015). It augmented antioxidant capacity manifested
by increased glutathione content and reduced lipid per-
oxidation near normal values. Interestingly, it elicited an
anti-apoptotic activity displayed by raised Bcl-2 levels and
reduced caspase-3 (Mahmoud-Awny et al. 2015). Comple-
mentarily, MGF-modified colitis’s oxidative and inflamma-
tory mediators in mice as a model of inflammatory bowel
syndrome (IBS) via the down-expression of TNF-a and
MMP-9 (Somani et al. 2016). The molecular modeling
trials revealed an efficient binding of MGF with TNF-«
and MMP-9. Also, it improved inflammation in intestines
and gastroenteric motility disturbance in the postopera-
tive ileus mouse model via the reduction of the myelop-
eroxidase activity, TNF-a, IL-1f, IL-6, and MCP-1 level
(Morais et al. 2015a). Additionally, Dou et al. informed
that MGF inhibited the dextran sulfate sodium (DSS)-
induced diarrhea (Dou et al. 2014). Mechanistically, it
significantly downregulated the colon’s proinflammatory
mediators such as iNOS, ICAM-1, TNF-a, IL-1f, and IL-6.
Moreover, MGF inhibited IkBa degradation and NF-kB
p65 phosphorylation.
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Cardioprotective effect

Heart disease is the leading cause of death in several coun-
tries with a possible scene of further complications in the
following decades. In this context, MGF (15 mg/kg) exhib-
ited a reduction in the atherosclerotic plaque size, low-den-
sity lipoprotein cholesterol (LDL), triglycerides, and total
cholesterol in apo-E~~ mice, along with the improvement
in the high-density lipoprotein cholesterol (HDL) and cho-
lesterol transfer efficiency. Furthermore, mechanistically,
it induced cholesterol efflux via the modulation of ATP
binding cassette A1/G1 (ABCA1/G1), liver X receptor-o
(LXRa), and peroxisome proliferator-activated receptor-y
(PPAR-y) pathway (Ren et al. 2019).

MGF ameliorated STZ-triggered cardiac toxicity in dia-
betic rat models by reducing the lipid peroxidation cascade
(Muruganandan et al. 2002). The oral administration of
MGF (20 mg/kg) attenuated the translocation of NF-kB and
the expression of different inflammatory cytokines such as
TNF-a and IL-1p (Hou et al. 2016). Moreover, MGF was
proven to be an antihypertensive agent by reducing intra-
cellular nitric oxide (NO) radicals and ROS. It potentially
modulated the expressions of several signaling pathways,
such as NOS-II, iNOS, TNF-a, and TGF-p (Mujawdiya and
Kapur 2015). Also, MGF improved cardiac performance
and prohibited diabetic cardiomyopathy (DCM) by reduc-
ing myocardial collagen accumulation (Hou et al. 2013).
It acted by mechanisms related to regulating the balance
between matrix metalloproteinase-2 (MMP-2) and MMP-9
that are included in cardiac collagen content, thereby caus-
ing cardiac fibrosis. In a specific study, MGF was protective
against post-infarction myocardial remodeling and intercel-
lular fibrosis progression (Zheng et al. 2012). It suppressed
the cascade of phosphorylated p38 MAPK, facilitating the
reduction of apoptosis and fibrosis in myocardium remod-
eling. Therefore, the evidence to date suggests that MGF acts
through a pleiotropic mechanism with adequate concentra-
tion-dependent cardioprotective benefits.

Nephroprotective effect

Kidney diseases can be life-threatening for patients and
may arise from underlying health issues like diabetes or
from direct problems such as cancer, stones, or infections.
(Tirichen et al. 2021; Ishimoto et al. 2018) Therefore, sev-
eral studies have reported the protective effect of MGF on
nephrons in various in vitro and in vivo models, highlight-
ing its beneficial effects attributed to its antioxidant and
anti-inflammatory properties. For example, a study in vitro
on tBHP-induced cytotoxicity in human kidney epithelial
cells indicated that MGF and its antioxidant effect induced
the expression of PI3K (Saha et al. 2016). In addition, a
study in vivo on cisplatin-induced acute kidney damage in

rats proved the nephroprotective effect of MGF through the
modulation of MAP kinase signaling cascade (Sahu et al.
2019), and the upregulation of Nrf-2 mediated pro-survival
signaling cascades through PI3K initiation (Sadhukhan et al.
2018). Moreover, Song et al. demonstrated the protective
effects of MGF on renal interstitial fibrosis in streptozotocin-
induced mice with diabetes via its anti-inflammatory and
antioxidant effect by decreasing the TGF-f1-mediated rais-
ing of Col I, FN, and a-SMA through the PTEN/PI3K/Akt
pathway (Song et al. 2020). Furthermore, the administration
of MGF inhibited renal glomerulus fibrosis in rats with dia-
betes mellitus due to osteopontin suppression achieved via
the inactivation of the NF-kB pathway (Zhu et al. 2015).
Also, He et al. reported that MGF protected against sepsis-
induced acute kidney damage in CLP-induced septic mice
for NLRP3 inflammasome inhibition and Nrf2 up-regu-
lation, together with decreasing lowering serum levels of
IL-1p and IL-18 and suppression of apoptosis of tubular
epithelial cells (He et al. 2014). The mechanism by which
MGEF reduced serum uric acid levels was studied. The results
suggested that MGF promoted intestinal urate excretion by
upward regulation of ABCG2 expression, downregulating
GLUT9 expression, and elevation of AQP2-related urinary
uric acid excretion (Li et al. 2020b). In addition, another
study reported that doses of 1.5, 3.0, and 6.0 mg/kg of MGF
lowered serum urate concentrations in the hyperuricemia-
induced mice by inhibiting xanthine dehydrogenase (Niu
et al. 2012b).

Protective effects on lung diseases

The most common lung diseases include asthma, chronic
obstructive pulmonary disease, lung cancer, and pneumo-
nia. Interestingly, MGF has shown protective effects on lung
diseases. The protecting capacity of MGF against arsenic-
induced lung toxicity in mice was studied. The findings
demonstrated that MGF exhibited suppressive effects on
inflammatory cell infiltration, decreased oxidative stress,
and inhibited lung apoptosis, these effects were attributed to
the upregulation of the Nrf2/HO1 axis (Mahalanobish et al.
2019). Complementarily, the administration of 20 mg/kg of
MGF in bleomycin-induced pulmonary fibrosis reduced the
histopathological lesions and death rate through its antioxi-
dant and anti-inflammatory outcome and the suppression of
TLRA4/NF «B signaling. It reduced matrix metalloprotein-
ase-9 (MMP-9) mediated via the TGF-f/Smad2/3 pathway
(Jia et al. 2019). MGF attenuated LPS-induced acute lung
damage in mice as a result of the downregulation of vascu-
lar permeability, inhibition of MMP-9 expression, and anti-
inflammatory and antioxidant effects (Zhang et al. 2020).
In a recent investigation, MGF was found to protect against
lung injury by inhibiting the initiation of NLRP3 inflam-
masome in an NF-kB-dependent way in macrophages (Li
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et al. 2021). In addition, the MGF has anti-asthmatic effects;
for example, 200 mg/kg of MGF administered to an OVA-
induced asthmatic mouse model inhibited the cascade of
signaling and the activators of transcription (STAT) pro-
teins (Guo et al. 2014); in the same animal model, Yun et al.
revealed that the anti-asthmatic activity of MGF was due
to the reduction in Th9 and Th17 and the elevation of Treg
responses (Yun et al. 2019).

Effects on metabolisms: antidiabetes
and antiobesity

Obesity is a chronic disease that affects a considerable num-
ber of countries. There is a close relationship between type
2 diabetes preceded by a condition of obesity (GBD col-
laborators 2023). In this sense, MGF was reported to posi-
tively affect insulin metabolism in several studies of diabetes
mellitus (Li et al. 2018a; Niu et al. 2012a; Sellamuthu et al.
2009; Dutta et al. 2023).

Additionally, it enhances lipid metabolization through
pathways dependent on AMP-activated protein kinase
(AMPK) (Xu et al. 2018). In this study, it has been evalu-
ated the therapeutic impact of MGF, a glucosylxanthone
known for its positive effects on glucose and lipid homeo-
stasis, on perivascular adipose tissue (PVAT). The research
aimed to determine if MGF aids in regulating insulin action
within the endothelium; it has been observed that Palmitate
stimulation induced ROS-related endoplasmic reticulum
stress (ER stress) and NLRP3 inflammasome activation
in PVAT. Upon MGF treatment, there was: an increase
in LKB1-dependent AMPK activity; suppression of ER
stress, coupled with a decline in TXNIP induction; inhi-
bition of NLRP3 inflammasome activation, identified by
decreased NLRP3; cleaved caspase-1 expression, lower
IL-1 secretion; restoration of insulin-mediated Akt and
eNOS phosphorylations, resulting in raised NO produc-
tion. Immunohistochemistry assessments of adipocytes and
endothelial tissue from high-fat diet-fed mice revealed that
MGF ingestion curtailed ER stress and NLRP3 induction in
PVAT. This helped in effectively combatting insulin resist-
ance in the vessel endothelium. As a result, MGF success-
fully prevented endothelial insulin resistance. This study
proposes that correcting PVAT dysfunction could serve as
a viable therapeutic approach to deter endothelial insulin
resistance (Xu et al. 2018).

In another study, MGF upregulated glucose transporter
4 (GLUT4) mRNA and protein expression in skeletal mus-
cles and pancreas. Furthermore, it stimulated peroxisome
proliferator-activated receptor-y (PPAR-y), causing enhance-
ment of insulin sensitization and glucose metabolism (Singh
et al. 2018). In this study, researchers extracted two com-
pounds, MGF and naringenin, from the leaves of Salacia
oblonga. To investigate the potential antidiabetic effects of
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these compounds, they were given to diabetic male Albino
rats (induced by streptozotocin) in doses of 50 and 100 mg/
kg daily over a 15-day period. They examined various
parameters, including blood glucose levels, weight, serum
lipid profiles oxidative stress markers, and studied potential
molecular interactions using docking studies on specific
diabetes-related targets. The results showed that both com-
pounds reduced blood glucose levels; restored body weight;
normalized serum lipid concentrations; improvement in
oxidative stress markers in the liver and pancreas. Docking
studies highlighted a strong binding affinity of both com-
pounds towards peroxisome proliferator-activated receptor
gamma (PPARY) and glucose transporter type 4 (GLUT4).
Further molecular investigations (using real-time reverse
transcription polymerase chain reaction and western blot
techniques) validated increased expression levels of PPARy
and GLUT4 genes and proteins in pancreatic tissues. The
findings indicate that the antidiabetic effects of these com-
pounds stem from the activation of PPARY/GLUT4 signal-
ing pathways; additionally, NMR-based metabolic analysis
demonstrated that both compounds corrected the imbalances
of metabolites related to diabetes in the serum (Singh et al.
2018). Skeletal muscle changes related to obesity involve
muscle atrophy, slow to rapid fiber-like transformation, and
reduced mitochondrial oxidative ability. They are associated
with enhancing insulin resistance. Then, the treatment with
MGF (15 mg/kg/day) after 8 weeks achieved maintaining
skeletal muscle mass, cross-sectional fiber size, and fiber-
type composition and boosted the oxidative capacity of oxi-
dation of muscle fibers in the obese Zucker rats. At the same
time, hypoglycemic response significantly decreased in a
unified glucose tolerance test relative to the placebo group
(Acevedo et al. 2017).

Protective effects on skin diseases

MGEF also possesses the potential for the management of skin
conditions. It was found that this bioactive compound can
penetrate the epidermis and dermis in a considerable amount
and reversibly inhibit the action of elastase and collagenase
(Ochocka et al. 2017). Studies in vitro have shown the poten-
tial capacity of MGF-loaded glycethosomes in managing
psoriasis and other skin diseases. The results showed that 2,
4, 6, and 8 mg/mL concentrations protected the fibroblasts
against hydrogen peroxide-induced skin damage (Pleguez-
uelos-Villa et al. 2020). Also, the glycoltransfersomes loaded
with MGF and modified with mucin allowed better deposi-
tion of MGF on skin layers, protected fibroblasts from oxida-
tive stress, and promoted fibroblast proliferation and wound
healing (Allaw et al. 2020). Additionally, MGF revealed a
hopeful activity against skin inflammation such as derma-
titis via inhibiting the NF-xB (Zhao et al. 2017). Antiviral
studies in vitro of MGF against acyclovir-resistant herpes
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simplex virus (HSV-1) indicated an IC5,=2.9 pg/mL for the
AR-29 and 3.5 pg/mL for the KOS strains (Rechenchoski
et al. 2020). The in vivo study in Balb/c mice treated with a
topical formula of 0.7% MGF produced diminished vesicle
lesions, delaying their appearance compared to the control
group (Rechenchoski et al. 2020).

Table 2 and Fig. 2 summarize the primary data regarding
biological activities and mechanisms of MGF in different
chronic diseases.

Human clinical studies

Mangifera indica leaf extract is marketed in the USA as an
ingredient in dietary supplement industries with the category
“Generally Recognized As Safe regulatory” (Reddeman
et al. 2019).

A clinical study evaluated MGF to prevent and treat
mixed osteoarthritic pain. The efficacy and safety of M.
indica L extract (MSBE) supplementation was examined
in fifty individuals suffering from knee pain as a result
of osteoarthritis and these participants had previously
undergone a full year of conventional treatment, which
included paracetamol and non-drug-based interventions
(Garrido-Suarez et al. 2022). The participants received
900 mg of extract daily, standard treatment, and placebo
for 4 months. The effect was measured using the average
daily pain score (ADPS) and applying the Likert scale.
Also, the evaluators used a multifaceted measuring of
pain, stiffness, and functioning disability. At the same
time, the researchers assessed knee osteoarthritis (OA)
patients using the Western Ontario and McMaster Uni-
versities (WOMAC) index and chronic ultrasonographic
signs of synovitis, such as effusion and synovial depth.
Remarkable improvements were observed in pain and
functional disability WOMAC sub-scores and the num-
ber of joints with synovial thickness and effusion. At the
same time, non-experimental effects were observed in
the experimental group. The quantitative results of this
study were as follows: (i) regarding Average Daily Pain
Diary Score (ADPS): 2 weeks post MSBE supplementa-
tion, there was a notable reduction in ADPS, an effect
that persisted and amplified by the 120-day mark; placebo
group’s scores shifted from 5.5 to 4.0 (down by 27.2%)
while MSBE group saw a drastic dip from 5.6 to 0.1 (down
by 98.2%). The gap between these two groups in terms of
reduction was 71.0%.; (ii) WOMAC Index for Knee osteo-
arthritis outcomes: MSBE participants exclusively regis-
tered significant positive shifts in the WOMAC pain and
functional disability metrics when set against the baseline
data; while both groups recorded a reduction in WOMAC
stiffness scores from their starting points, the group tak-
ing MSBE reported a more pronounced improvement; (iii)

ultrasonographic results: starting off, 80.9% of the MSBE
group (spanning 22 joints) exhibited synovial thickness
(averaging 6.4 +£0.7 mm), while in the control group, 47%
(over 13 joints) had a thickness average of 7.2+ 1.1 mm.;
only the MSBE group saw a significant decline in the num-
ber of joints affected by synovial hypertrophy; considering
joint effusion, initial data showed the experimental group
(MSBE) had 66.6% of its participants (over 17 joints) with
deep effusion (measured at 5.5+ 0.3 mm); in the control
group, the count was 58.8% (across 13 joints) averaging
4.9+0.2 mm; 4 months into the treatment, MSBE users
reported no joint effusion, whereas over half (52.9%) of
the non-supplemented group still had joint effusion pre-
sent. Furthermore, specific inflammatory lesions linked to
knee pain, like chondropathy by synovial plica and pop-
liteal tendonitis, were observed. Initial findings showed
that all participants had one or more such lesions; at the
end of the study, there were 23 lesions in the MSBE group
and 18 in the placebo group. While both groups showed
improvement by the study’s end, MSBE users had a more
considerable decline in the total percentage of these
lesions (Garrido-Suéarez et al. 2022).

In another human clinical study, Na et al. investigated
the MGF effect on serum lipid profiles in overweight
patients with hyperlipidemia (Na et al. 2015). The study
aimed to assess the impact of mangiferin on the serum
lipid profiles of overweight patients who had hyperlipi-
demia. The trial was a double-blind randomized controlled
study and included overweight patients having hyperlipi-
demia (defined by serum triglyceride > 1.70 mmol/L, and
total cholesterol > 5.2 mmol/L). The participants were ran-
domized to receive either 150 mg/day of mangiferin or a
placebo for 12 weeks and the key metrics analyzed included
serum lipid profiles, mangiferin, glucose, L-carnitine,
p-hydroxybutyrate, and acetoacetate at the beginning and
end of a 12-week period.

The results of this clinical study showed the next MGF’s
impacts on lipids: (i) significant reduction in serum lev-
els of triglycerides (TG) and free fatty acids (FFAs) in
the mangiferin group compared to the placebo group; (ii)
significant increase in high-density lipoprotein cholesterol
(HDL), L-carnitine, f-hydroxybutyrate, and acetoacetate
in the mangiferin group; (iii) no significant change in total
cholesterol (TC) and low-density lipoprotein cholesterol
(LDL) in the MGF group post-intervention. Regarding the
impact on the metabolic variables, MGF supplementation
led to a significant increase in serum mangiferin levels and
reduced the insulin resistance index (HOMA-IR) relative
to the placebo group, and no significant differences were
noted in serum glucose and insulin levels between both
groups. Compared to placebo, MGF reduced triglycerides
(TG), free fatty acids (FFAs), and insulin resistance index
(HOMA-IR) by 14.5%, 8.5%, and 8.5% respectively; it also
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Table 2 Preclinical pharmacological studies and mechanisms of action of mangiferin

Pharmacological Experimental model in vitro/in vivo Mechanisms/key results References
property
Neuroprotective Rats |oxidative stress response: |[ROS, |H,0,, |SOD, |GPX, (Li et al. 2018b)
model of spinal cord injury |CAT
in vivo lapoptotic markers: |SKIP, | ASK1, |Fas, |tBid,

Female transgenic mice
spinocerebellar ataxia type-2
(SCA-2) induced memory disorder
in vivo

Rats

lead-induced neurotoxicity

in vivo

Sprague—-Dawley rats

STZ-induced cognitive impairment
in vivo

Young and aged Swiss albino mice scopolamine induced
amnesia
in vivo

Male mice

scopolamine-induced memory deficit

in vivo

TNF-a-stimulated BV-2 microglial cells

in vitro

Swiss albino mice

sleep-deprivation (SD)-induced memory damage
in vivo

Old APP/PS1 transgenic mice model

in vivo

LPS-induced neural damage and cognitive deficiency in
Kunming male mice

in vivo

LPS-triggered neurological

disorder

in mice

in vivo

Cerebral ischemia—reperfusion injury in Wistar male rats

in vivo

AICl; induced cognitive dysfunction and neurotoxicity in
male Swiss albino mice

in vivo

LPS-activated primary rat microglia
In vitro

Normal male Wistar rats

in vivo

Senescence-accelerated mouse prone 8 (SAMPS) mouse
model

in vivo

hippocampal neurons

in vitro

Human U138-MG glioblastoma cells

in vitro

|APAF-1, |caspase-3

Tmemory recognition
not impact on inhibitory avoidance of memory

Tspatial learning
|latency time of the hidden platform

tcognitive functions

lescape latency, Tthe time spent in a dose-dependent
manner

|methylglyoxal hyperactivity

|scopolamine-induced memory deficits

tlearning performance in an elevated plus maze test
|step-down latency in the passive avoidance test
Tcholinesterase, Tbiogenic amines: tdopamine,
tnorepinephrine in the hippocampus

|AChE

|latency in training trials and swimming times in the
Morris maze test and PAT

|TNF-a, |[NF-kB

|latency conjugated with the rise in the crossing number
over the platform position in Morris water maze
(MWM) and novel object recognition (NOR) tests
Trecognition index

Amelioration of spatial and episodic memory

|LPS-induced memory dysfunction
|learning disability

lanxiety-like behavior in EPM and light—dark box and
open field tests

|anhedonia behavior

ldepressive effect evoked by LPS

|neuroinflammation in the hippocampus and prefrontal
cortex

|GSH, |SOD, |CAT, |IL-1p

Ineurological impairment
|IL-1 B, |TNF-a, |GSH, |SOD, |Nrf-2, |HO-1

|retention latency accompanied by increased crossing
number over a platform and recognition index

loxido-nitrosative stress

|proinflammatory cytokines

Dose =20 and 40 mg/kg

|PGE2, |8-iso-PGF2a, COX-2, p38 MAPK, iNOS,
|TNF-a

TNOR memory post-training

locomotion or motivation was not affected

Anti-dementia effects

tlearning, tmemory

lamyloid deposition in the brain tissues
lamyloid precursor protein

|AB1-40, |Ap1-42

|cancer cells proliferation

INGF, | TNF-

(Pardo Andreu et al. 2010)

(Lietal. 2013)

(Liu et al. 2013)

(Biradar et al. 2012)

(Jung et al. 2009)

(Feng et al. 2017)

(Infante-Garcia et al. 2017)

(Fu et al. 2015b)

(Jangra et al. 2014)

(Yang et al. 2016)

(Kasbe et al. 2015b)

(Bhatia et al. 2008)

(Pardo Andreu et al. 2010)

(Du et al. 2019)

(Lopes et al. 2013)
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Table 2 (continued)

Pharmacological Experimental model in vitro/in vivo Mechanisms/key results References

property

Gastroprotective Normal and constipated rats Regulation of the GIT (Cavalcante Morais et al. 2012)
in vivo not induced diarrheic effect

Ethanol and indomethacin-induced gastric mucosa lesions
in mice
in vivo

Gastric ulcer model
rats
in vivo

Model of inflammatory bowel syndrome in mice
in vivo

Cardioprotective Apo-E~'~ mice
in vivo

STZ-triggered cardiac toxicity in diabetic rats
in vivo

Hypertensive rats
in vivo

Nephroprotective tBHP induced cytotoxicity on normal human kidney epithe-
lial cells (NKE)
in vitro
Cisplatin-induced acute kidney damage in rats
in vivo

Renal interstitial fibrosis diabetic mice induced by strepto-
zotocin
in vivo
Renal glomerulosis in diabetic rats induced by streptozotocin
in vivo
Sepsis-induced acute kidney injury in CLP-induced septic
mice
in vivo
Hyperuricemic nephropathy
in mice
in vivo
Protective effects Arsenic-induced lung toxicity in mice
on pulmonary in vivo
diseases

Bleomycin-induced pulmonary fibrosis in mice
in vivo

LPS-induced acute lung injury in mice
in vivo

OVA-induced asthmatic mouse model

in vivo
Antidiabetes Perivascular adipose tissue
Antiobesity Sprague—-Dawley rats and ICR mice
in vivo

Diabetic rats induced by streptozotocin
in vivo

Obese ucker rats
in vivo

Restored the gastric mucosal non-protein sulfhydryl
content
lethanol-induced gastrointestinal damage

T gastroprotective effect

tNrf2, tHO-1, tPPAR-y, |NF-kB, |iNOS
antioxidant effect

tglutathione, |lipid peroxidation
lapoptosis, 1Bcl-2, |caspase-3

linflammatory mediators in colitis

|TNF-a, |MMP-9

JIL-1B, |IL-6, |MCP-1

|LDL, THDL, |triglycerides,

|total cholesterol: ABCA1/G1, LXRa, PPAR-y

latherosclerotic plaque size

lipid peroxidation

INF-kB, |TNF-a, |IL-1p

ldiabetic cardiomyopathy, | myocardial collagen

Accumulation

IMMP-2, [MMP-9, |p38 MAPK |cardiac fibrosis,
lapoptosis

Antihypertensive effect

INO, |ROS, |NOS-II, [iNOS, | TNF-a, | TGF-B

tcardiac performance

|Cyclin d1, [NFkB, |HO-1, |SOD2, | PI3K/Akt

Nephroprotective effect

|MAP kinase

TNrf-2 mediated pro-survival signaling cascades
TPI3K

Anti-inflammatory, antioxidant
ITGF-B1, |Col I, |FN, | a-SMA, |PTEN/PI3K/Akt

|osteopontin

INF-xB

lapoptosis of tubular epithelial cells
INLRP3, tNrf2, |IL-14, |IL-18

tintestinal elimination of urates
TABCG2, |GLUTY, 1AQP2

linflammatory cell infiltration
loxidative stress
TNrf2-HO1

Antioxidant
anti-inflammatory
| TLR4/NF-xB, |MMP-9, | TGF-B/Smad2/3

antioxidant, anti-inflammatory
IMMP-9

|STAT

1Th9, | Th17, 1Treg

linsulin resistance

|TXNIP

lendoplasmic reticulum stress
regulates lipid metabolism, TAMPK

TGLUT4 mRNA, 1PPAR-y
Tprotein expression in skeletal muscles and pancreatic
tissues

maintained skeletal muscle mass, transversal fiber size,
and fiber composition
hypoglicemic effec

(Carvalho et al. 2007)

(Mahmoud-Awny et al. 2015)

(Morais et al. 2015a)

(Ren et al. 2019)

(Muruganandan et al. 2002)
(Hou et al. 2016)
(Zheng et al. 2012)

(Mujawdiya and Kapur 2015)
(Hou et al. 2013)
(Saha et al. 2016)

(Sahu et al. 2019)
(Sadhukhan et al. 2018)

(Song et al. 2020)

(Zhu et al. 2015)

(He et al. 2014)

(Li et al. 2020b)

(Niu et al. 2012b)

(Mahalanobish et al. 2019)

(Jia et al. 2019)

(Zhang et al. 2020)

(Guo et al. 2014)

(Xu et al. 2018)

(Singh et al. 2018)

(Acevedo et al. 2017)
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Table 2 (continued)

Pharmacological Experimental model in vitro/in vivo Mechanisms/key results References
property
Protective effects 3T3 mouse fibroblasts Protects the fibroblasts against hydrogen peroxide- (Pleguezuelos-Villa et al. 2020)
on skin diseases  in vitro induced skin damage
inflammatory mice models protects fibroblasts against oxidative stress
applying topically TPA tfibroblast proliferation, twound healing
in vivo
Vero cells tantiviral effect against acyclovir-resistant herpes (Rechenchoski et al. 2020)
in vitro simplex virus (HSV-1)
Balb/c mice mangiferin topical formula (0.7%) | vesicle lesions

in vivo

Abbreviations and symbols: 1 increase, | decrease, ROS reactive oxygen species, SOD superoxide dismutase, GPX glutathione peroxidase, CAT
catalase, SKIP sphingosine kinase interacting protein, ASK/ apoptosis signal-regulating kinase 1, Fas apoptosis antigen 1, tBid truncated bid
protein, APAF-1 apoptosis protease-activating factor-1, AChE (Acetylcholinesterase), PAT passive avoidance test, /Cs, inhibitory concentration,
TNF-a tumor necrosis factor a, NF-kB nuclear factor kappa-light-chain-enhancer of activated B cells, MWM Morris water maze, NOR novel
object recognition, LPS lipopolysaccharide, EPM elevated plus maze, GSH hippocampal glutathione, /L-1b interleukin 1b, Nrf-2 nuclear factor
erythroid 2-related factor 2, HO-1 hemeoxygenase-1, PGE?2 prostaglandin E,, 8-iso-PGF2a 8-150-prostaglandin F,,, COX-2 cyclooxygenase,
p38 MAPK p38 mitogen-activated protein kinases, iNOS inducible nitric oxide synthase, Ab/-40 amyloid beta peptide 1-40, AbI-42 amyloid
beta peptide 1-42, NGF nerve growth factor, GIT gastrointestinal regulation, PPAR-g peroxisome proliferator-activated receptor gamma, MMP-2
matrix metallopeptidase 2, MMP-9 matrix metallopeptidase 9, p38 MPAK p38 mitogen-activated protein kinases, NOS II nitric oxide synthase
II, TGF-b transforming growth factor beta, PI3K phosphoinositide 3-kinase, Ak# protein kinase B, NLRP3 NLR family pyrin domain containing
3, ABCG2 ATP-binding cassette super-family G member 2, GLUT9 glucose transporter 9, AQP2 aquaporin-2, TLR4 toll-like receptor 4, Smad
2/3 mothers against decapentaplegic homolog 3, STAT signal transducer and the activator of transcription), Th9 (T helper type 9 cells), Thi7 T
helper type 17 cells), TXNIP thioredoxin-interacting protein), AMPK (AMP-activated protein kinase, GLUT4 glucose transporter 4, mRNA mes-
senger ribonucleic acid, HSV-1 herpes simplex virus

Cardioprotective

latherosclerothic plaque size
lipid peroxidation
ldiabetic cardiomyopathy

antihypertensive

Neuroprotective

pharmacological

effects

@ loxidative stress
|ROS, |[H202, |SOD
ISKIP, |caspases, |interleukins

- ) tmemory recognition
. % 1 cardiac Tcognitive functions
. performance tlearning performance

Tbiogenic amines in hippocampus
lanhedonia behavior

Nephroprotective

|renal interstitial fibrosis
lapoptosis of tubular

| epithelial cells
Turates elimination

Fig. 2 Illustration of the most important pharmacological effects of mangiferin. Symbols: 1 increase, | decrease. ROS (Reactive oxygen spe-
cies), SOD (Superoxide dismutase), SKIP (Sphingosine kinase interacting protein)

Gastroprotective

| antioxidant
linflammatory mediators
in colitis

Antidiabetes

linsulin resistance
thypoglicemic effect

increased serum levels of high-density lipoprotein (HDL), 11.0%, 17.2%, and 16.4% respectively. The total serum
Lipoprotein lipase (LPL), L-carnitine, B-hydroxybutyrate,  fatty acids, including saturated (SFA), mono-unsaturated
and acetoacetate by figures like 41.3%, 4.60%, 15.2%, (MUFA), poly-unsaturated (PUFA), n-3, and n-6 fatty acids,
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decreased significantly in the mangiferin group versus con-
trols. The results of this study showed that MGF supple-
mentation can benefit the serum lipid profile, especially by
lowering serum TG and FFAs in overweight hyperlipidemia
patients and this is partly attributed to the promotion of FFA
oxidation (Na et al. 2015).

Safety and tolerability

Predictions about the potential application of MGF in
humans as a novel medicinal compound require exhaustive
toxicity assessment. Only a few studies have been performed
so far to describe the possible toxicological effects of MGF.
Prado et al. analyzed oral, skin, and intraperitoneal toxicity
assays of MGF in rodents in a 28-day-long repetitive doses
investigation. After oral application of 2000 mg/kg and a
14-day observation period, no alterations in any organ were
reported in Sprague—Dawley rats and Balb/C mice of both
sexes. According to the same study, i.p. exposure to one dose
of 2000 mg/kg induced death in treated animals (Prado et al.
2015). According to Jagetia and Baliga, MGF LDs after
acute i.p. application to DBAxCs,;BL mice was 400 mg/kg
(Jagetia and Baliga 2005).

Therapeutic perspectives, limitations,
and clinical pitfalls

Traditional acclaims of plants containing MGF
and their correlation with recent pharmacological
reports

Mangiferin, a polyphenolic xanthone glucoside, is not
unique to just one plant but is present in various species
across different geographical regions. The most notable
source is the mango tree (M. indica), but other plants like
Anemarrhena asphodeloides and certain bamboo species are
also known to contain this compound. These plants have
been historically revered in their respective traditional medi-
cine systems for their wide array of therapeutic applications
(Dutta et al. 2023).

Traditional acclaims

M. indica (Mango tree) is predominantly used in Ayur-
vedic and Unani systems of medicine; leaves, bark, and
kernels were commonly prescribed for ailments such as
diarrhea, dysentery, and ailments related to inflammation
like rheumatism (Ediriweera et al. 2017b). Additionally,
they were also considered beneficial for oral health, with
the bark’s decoction used as a mouthwash for inflamed

gums (Ediriweera et al. 2017b). The plant Anemarrhena
asphodeloides is a staple in Traditional Chinese Medicine
(TCM), it is known for its anti-pyretic properties and for
alleviating coughs (Liu et al. 2023). Bamboo species are
embedded in various Asian traditional medicine practices;
the shoots, rich in mangiferin, have been utilized for their
anti-inflammatory effects and are also believed to possess
anti-aging benefits (Cheng et al. 2023).

Correlation with recent pharmacological studies

Antioxidant and anti-inflammatory activities Mangiferin’s
traditional use for inflammation, especially in rheumatism,
correlates with modern discoveries of its potent antioxidant
and anti-inflammatory activities (Ain et al. 2023).

Regulation of blood glucose and glucidic metabolism The
traditional use of mango bark in managing hyperglycemia
finds validation in recent studies. Modern research has dem-
onstrated Mangiferin’s potential in modulating blood glu-
cose levels and enhancing insulin sensitivity (Meng et al.
2023).

Neuroprotective effect Though not directly anchored in
a specific traditional claim, contemporary research has
unveiled Mangiferin’s neuroprotective effects, suggesting its
possible therapeutic application against neurodegenerative
diseases (Zhou et al. 2023).

Anticancer properties While traditional systems might not
have recognized mangiferin-bearing plants for their antican-
cer properties, recent pharmacological studies have high-
lighted their role in modulating cell proliferation, inducing
apoptosis, and other antitumor activities (Mirza et al. 2021).

The ancient therapeutic uses of plants rich in mangiferin,
deeply rooted in traditional medicine, find echoing affir-
mations in modern pharmacological studies. The journey
of mangiferin from traditional remedies to contemporary
research elucidates the continuum of knowledge and under-
scores the importance of understanding and valuing ancient
wisdom as we forge ahead in the realm of modern medicine.

Limitations and clinical pitfalls

Studies in vitro and in vivo based on MGF activities revealed
that it has a therapeutic effect on multiple pathological condi-
tions through different mechanisms of action. As described,
it possesses broad antioxidant, anti-lipid peroxidation, wound
healing, anti-neurodegenerative, and antidiabetic activi-
ties. In addition, MGF modulates the immune response and
cardiac tension. Due to its numerous bioactivities, MGF is
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a promising prospect for nutraceutical and functional food
development applications (Mei et al. 2021). Contrary to the
comprehensive pharmacological evaluation of MGF, the fact
that only some studies have analyzed its pharmacokinetics
has compromised its clinical usability. MGF belongs to the
Biopharmaceutics Classification System (BSC) IV class com-
pounds, and its clinical application and subsequent develop-
ment are primarily restricted to its low water and fat solubil-
ity, limited absorption, and low bioavailability (Amidon et al.
1995). However, even though MGF exhibits promising thera-
peutic potential, its clinical use is restricted due to its poor oral
bioavailability (Tan et al. 2021). For an investigational new
drug approval, one of the critical roles playing in drug devel-
opment is pharmacokinetic studies. While a limited number of
clinical trials have highlighted the benefits of MGF adjuvant
therapy on human health, it’s essential to weigh its pros and
cons based on the patient’s health condition, the nature of
the disease, the regular medications prescribed, and potential
drug interactions. To fully understand its implications, there
is a need for more extensive randomized clinical trials for a
broader spectrum of chronic diseases.

Conclusion

MGF possesses a wide range of therapeutic properties
representing promising candidates for application in
developing nutraceutical and functional food products.
As aresult of insufficient bioavailability, the daily doses
must be enhanced to accomplish the required result,
resulting in increased cost of treatment. Another charac-
teristic that stands out from the in vitro and in vivo tests
is the high dose required, which is why drug delivery
systems and drug targeting with MGF can be a techno-
logical challenge. In this review, we have also outlined
various literature reports attributed to the pharmacoki-
netic parameters of MGF. In-depth investigations should
concentrate on the following elements in the future to
promote their development and utilization. First, creating
advanced pharmaceutical formulations may help improve
MGF’s bioavailability. Secondly, further studies should
research the structure—activity relationship to influence
strategies to enhance its efficacy. Also, additional clinical
studies should be designed to evaluate the effectiveness
of MGF in specific diseases.

Abbreviations a-SMA: alpha smooth muscle actin; A1/G1 (ABCA1/
G1): ATP binding cassette; AChE: acetylcholinesterase; Abl-
40: amyloid beta peptide 1-40; Ab1-42: amyloid beta peptide 1-42;
ABCG2: ATP-binding cassette superfamily G member 2; ADPS: aver-
age daily pain diary score; AKT: protein kinase B; AMPK: AMP-
activated protein kinase; APAF-1: apoptosis protease-activating
factor-1; APP: amyloid precursor protein; APP/PS1: mouse model
of Alzheimer’s disease; AQP-2: aquaporin-2; AR-29: Anoxybacillus
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sp. AR-29 strain; ASC: artificial cerebrospinal fluid; ASK1: apop-
tosis signal-regulating kinase 1; ATP: adenosine triphosphate; f3-
LG: -LACTOGLOBULIN; Bcl-2: B-cell lymphoma 2; BCS: biop-
harmaceutics Classification System; BDNF: brain-derived neurotrophic
factor; BV-2: immortalized murine microglial cell line; CAT: cata-
lase; CLP: cecal ligation and puncture; Col I: collagen type I alpha
1; COMT: catechol-O-methyltransferase; COX-2: cyclooxygenase;
DCM: diabetic cardiomyopathy; DSS: dextran sulphate sodium;
E2(PGE2): prostaglandin E2; EEG: electroencephalogram; EPM: ele-
vated plus maze; ESI-MSn: electrospray ionization mass spectroscopy;
F2a(8-150-PGF2a): 8-150-prostaglandin F2a; Fas: apoptosis antigen
1; FFA: free fatty acids; FN: formononetin; FST: forced swimming
test; GIT: gastrointestinal regulation; GLUT4: glucose transporter
4; GLUT9: glucose transporter 9; GPX: glutathione peroxidase;
GRAS: generally recognized as safe; GSH: hippocampal glutathione;
HDL.: high-density lipoprotein cholesterol; HO-1: hemeoxygenase-1;
HPLC: high-performance liquid chromatography; HSV-1: herpes sim-
plex virus; IBs: inflammatory bowel syndrome; IC50: inhibitory con-
centration; ICAM-1: intercellular adhesion molecule 1; IkBa: nuclear
factor of kappa light polypeptide gene enhancer in B-cells inhibitor,
alpha; IL-1b: interleukin 1b; IL-6: interleukin 6; IL-18: interleukin 18;
iNOS: inducible nitric oxide synthase; IUPAC: International Union
of Pure and Applied Chemistry; KATP-channels: ATP-sensitive
potassium channel; KOS: herpes simplex virus type 1 (HSV-1) strain
KOS; LD50: lethal dose; LDL: low-density lipoprotein cholesterol;
LPS: lipopolysaccharide; LXRa: liver X receptor-o; MANG: bacte-
roides; MAOA: monoamine oxidase A; MAOB: monoamine oxidase
B; MAP: mitogen-activated protein; MCP-1: monocyte chemoattract-
ant protein 1; MeSH: medical subject headings; MGF: mangiferin;
MMP-2: matrix metallopeptidase 2; MMP-9: matrix metallopeptidase
9; mRNA: messenger ribonucleic acid; MWM: Morris water maze;
NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells;
NGF: nerve growth factor; NLRP3: NLR family pyrin domain contain-
ing 3; NO: nitric oxide; NOR: novel object recognition; NOS-II: nitric
oxide synthase II; Nrf-2: nuclear factor erythroid 2-related factor 2;
OAT1: organic anion transporter 1; OVA: ovalbumin; p38 MAPK: p38
mitogen-activated protein kinases; PGE2: prostaglandin E2; PAT: pas-
sive avoidance test; PI3K: phosphoinositide 3-kinase; PPAR-y: per-
oxisome proliferator-activated receptor gamma; PTEN: fosfatidil-
inositol-3,4,5-trisfosfato 3-fosfatasa; ROS: reactive oxygen species;
rRNA: ribosomal ribonucleic acid; SAMP 8 : senescence-accelerated
mouse; SCA-2: spinocerebellar ataxia type 2; SD: sleep depriva-
tion; SKIP: sphingosine kinase interacting protein; Smad2/3: moth-
ers against decapentaplegic homolog 3; SOD: superoxide dismutase;
STAT: signal transducer and the activator of transcription; STZ: strep-
tozotocin; TAU: tubulin-associated unit; tBHP: t-butyl hydroperox-
ide; tBid: truncated bid protein; TCM: traditional Chinese medicine;
TG: serum thyroglobulin; TGF-f: transforming growth factor beta;
TGF-B1: transforming growth factor beta 1; Th9: T helper type 9 cells;
Th17 : T helper type 17 cells; TLR4: toll-like receptor 4; TNF-a: tumor
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ute carrier family 22 (organic anion/cation transporter), member 12S;
WOMAC: Western Ontario and Mc Master Universities

Author contributions All authors made a significant contribution to
the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis, and interpretation, or in all
these areas that is, revising or critically reviewing the article, giving
final approval of the version to be published; agreeing on the journal
to which the article has been submitted; and confirming to be account-
able for all aspects of the work. All authors have read and agreed to the
published version of the manuscript. The authors declare that all data
were generated in-house and that no paper mill was used.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Naunyn-Schmiedeberg's Archives of Pharmacology

Data availability Not applicable.

Declarations
Ethics approval and consent to participate Not Applicable.
Consent for publication Not Applicable.

Competing interests The authors declare no competing interests.

References

Acevedo LM, Raya Al, Martinez-Moreno JM, Aguilera-Tejero E,
Rivero JL (2017) Mangiferin protects against adverse skeletal
muscle changes and enhances muscle oxidative capacity in obese
rats. PLoS ONE 12:e0173028

Ain QU, Igbal MO, Khan IA, Bano N, Naeem M, Jamaludin MI,
Devaraj S (2023) Phytochemical, antioxidant, antipyretic and
anti-inflammatory activities of aqueous-methanolic leaf extract
of Mangifera indica. Am J Transl Res 15:4533-4543

Allaw M, Pleguezuelos-Villa M, Manca ML, Caddeo C, Aroffu M,
Nacher A, Diez-Sales O, Sauri AR, Ferrer EE, Fadda AM (2020)
Innovative strategies to treat skin wounds with mangiferin: fabri-
cation of transfersomes modified with glycols and mucin. Nano-
medicine 15:1671-1685

Amidon GL, Lennernis H, Shah VP, Crison JR (1995) A theoretical
basis for a biopharmaceutic drug classification: the correlation
of in vitro drug product dissolution and in vivo bioavailability.
Pharm Res 12:413-420

Barakat S, Nasr M, Ahmed RF, Badawy S, Mortada N (2022) Recent
formulation advances of mangiferin. Rev Bras 32:871-882

Barreto JC, Trevisan MT, Hull WE, Erben G, de Brito ES, Pfundstein
B, Wiirtele G, Spiegelhalder B, Owen RW (2008) Characteriza-
tion and quantitation of polyphenolic compounds in bark, kernel,
leaves, and peel of mango (Mangifera indica L.). J Agric Food
Chem 56:5599-5610

Bhargava S, Shah MB (2020) Evaluation of efficacy of Bombax
ceiba extract and its major constituent, mangiferin in strepto-
zotocin (STZ)-induced diabetic rats. J] Complement Integr Med
18:311-318

Bhatia HS, Candelario-Jalil E, de Oliveira AC, Olajide OA, Martinez-
Sanchez G, Fiebich BL (2008) Mangiferin inhibits cyclooxyge-
nase-2 expression and prostaglandin E2 production in activated
rat microglial cells. Arch Biochem Biophys 477:253-258

Biradar SM, Joshi H, Chheda TK (2012) Neuropharmacological effect
of Mangiferin on brain cholinesterase and brain biogenic amines
in the management of Alzheimer’s disease. Eur J Pharmacol
683:140-147

Bulugonda RK, Kumar KA, Gangappa D, Beeda H, Philip GH,
Muralidhara Rao D, Faisal SM (2017) Mangiferin from Puer-
aria tuberosa reduces inflammation via inactivation of NLRP3
inflammasome. Sci Rep 7:42683

Cao C, Su M, Zhou F (2017) Mangiferin inhibits hippocampal NLRP3
inflammasome and exerts antidepressant effects in a chronic mild
stress mice model. Behav Pharmacol 28:356-364

Carvalho AC, Guedes MM, de Souza AL, Trevisan MT, Lima AF,
Santos FA, Rao VS (2007) Gastroprotective effect of mangif-
erin, a xanthonoid from Mangifera indica, against gastric injury
induced by ethanol and indomethacin in rodents. Planta Med
73:1372-1376

Cavalcante Morais T, Cavalcante Lopes S, Bezerra Carvalho KM, Rod-
rigues Arruda B, Correia de Souza FT, Salles Trevisan MT, Rao
VS, Almeida Santos F (2012) Mangiferin, a natural xanthone,

accelerates gastrointestinal transit in mice involving cholinergic
mechanism. World J Gastroenterol 18:3207-14

Chae S, Piao MJ, Kang KA, Zhang R, Kim KC, Youn UJ, Nam KW,
Lee JH, Hyun JW (2011) Inhibition of matrix metalloprotein-
ase-1 induced by oxidative stress in human keratinocytes by
mangiferin isolated from Anemarrhena asphodeloides. Biosci
Biotechnol Biochem 75:2321-2325

Cheng Y, Wan S, Yao L, Lin D, Wu T, Chen Y, Zhang A, Lu C
(2023) Bamboo leaf: A review of traditional medicinal prop-
erty, phytochemistry, pharmacology, and purification technol-
ogy. J Ethnopharmacol 306:116166

Chu C, Li M, Li J, Zhou C (2018) The protective effects of mangif-
erin on metabolic and organs functions in the adolescent rat
model of alcohol abuse. J Funct Foods 46:90-100

Cvetkovié S, Nastasijevi¢ B, Miti¢-Culafié¢ D, Pukanovié S, Tenji D,
KneZevi¢-Vukcevi¢ J, Nikoli¢ B (2020) New insight into the
antigenotoxic activity of Gentiana lutea extracts - Protective
effect against food borne mutagens. Mutat Res Genet Toxicol
Environ Mutagen 858-860:503251

Dimitrov M, Nikolova I, Benbasat N, Kitanov G, Danchev N (2011)
Acute toxicity, antidepressive and MAO inhibitory activity of
mangiferin isolated from Hypericum aucheri. Biotechnol Bio-
technol Equip 25:2668-2671

Dou W, Zhang J, Ren G, Ding L, Sun A, Deng C, Wu X, Wei X,
Mani S, Wang Z (2014) Mangiferin attenuates the symptoms
of dextran sulfate sodium-induced colitis in mice via NF-kB
and MAPK signaling inactivation. Int Immunopharmacol
23:170-178

Du Z, Fanshi F, Lai YH, Chen JR, Hao E, Deng J, Hsiao CD (2019)
Mechanism of antidementia effects of mangiferin in a senescence
accelerated mouse (SAMPS8) model. Biosci Rep 39

Dutta T, Das T, Gopalakrishnan AV, Saha SC, Ghorai M, Nandy
S, Kumar M, Radha, Ghosh A, Mukerjee N, Dey A (2023)
Mangiferin: the miraculous xanthone with diverse pharmaco-
logical properties. Naunyn-Schmiedeberg’s Arch Pharmacol
396:851-863

Ediriweera MK, Tennekoon KH, Samarakoon SR (2017a) A Review on
Ethnopharmacological Applications, Pharmacological Activities,
and Bioactive Compounds of. Evid Based Complement Alternat
Med 2017:6949835

Ediriweera MK, Tennekoon KH, Samarakoon SR (2017b) A review on
ethnopharmacological applications, pharmacological activities,
and bioactive compounds of Mangifera indica (Mango). Evid
Based Complement Alternat Med 2017:6949835

Fabian RF, Mayra HM, Manuel ZV, Guadalupe SS, Alejandro PL,
Alberto SJ (2023) Characterization of functionalized PLGA nan-
oparticles loaded with mangiferin and lupeol, and their effect on
BEAS-2B and HepG2 cell lines. Anticancer Agents Med Chem
23:1174-1183

Feng X, Xue JH, Xie KX, Liu SP, Zhong HP, Wang CC, Feng XQ
(2017) Beneficial effect of mangiferin against sleep deprivation-
induced neurodegeneration and memory impairment in mice.
Biomed Res 0970-938X:28

Fu Y, Liu H, Song C, Zhang F, Liu Y, Wu J, Wen X, Liang C, Ma K,
Li L (2015a) Mangiferin regulates cognitive deficits and heme
oxygenase-1 induced by lipopolysaccharide in mice. Int Immu-
nopharmacol 29:950-956

Fu Y, Liu H, Song C, Zhang F, Liu Y, Wu J, Wen X, Liang C, Ma
K, Li L, Zhang X, Shao X, Sun Y, Du Y, Song Y (2015b)
Mangiferin regulates cognitive deficits and heme oxyge-
nase-1 induced by lipopolysaccharide in mice. Int Immu-
nopharmacol 29:950-956

Garrido-Suarez BB, Garrido G, Lépez-Mantecén AM, Piiieros O, Cas-
tro-Lopes JM, Delgado-Hernandez R (2022) Mangifera indica
effects on knee osteoarthritis pain. J Pharm Pharmacogn Res
10:239-252

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Naunyn-Schmiedeberg's Archives of Pharmacology

GBD Colorectal Cancer Collaborators (2022) Global, regional, and
national burden of colorectal cancer and its risk factors, 1990—
2019: a systematic analysis for the Global Burden of Disease
Study 2019. Lancet Gastroenterol Hepatol 7(7):627-647. https://
doi.org/10.1016/S2468-1253(22)00044-9

GBD collaborators (2023) Global, regional, and national burden of
diabetes from 1990 to 2021, with projections of prevalence to
2050: a systematic analysis for the Global Burden of Disease
Study 2021. Lancet 402:203-234

Ginsburg H, Deharo E (2011) A call for using natural compounds in
the development of new antimalarial treatments—an introduction.
Malar J 10:51

Grauzdyte D, Pukalskas A, EL Kalamouni C, Venskutonis PR (2020)
Mangiferin rich products from. Molecules 25

Guo H-W, Yun C-X, Hou G-H, Du J, Huang X, Lu Y, Keller ET, Zhang
J, Deng J-G (2014) Mangiferin attenuates TH1/TH2 cytokine
imbalance in an ovalbumin-induced asthmatic mouse model.
PLoS ONE 9:¢100394

Guo X, Cheng M, Hu P, Shi Z, Chen S, Liu H, Shi H, Xu Z, Tian X,
Huang C (2018) Absorption, metabolism, and pharmacokinet-
ics profiles of norathyriol, an Aglycone of Mangiferin, in rats by
HPLC-MS/MS. J Agric Food Chem 66:12227-12235

He L, Peng X, Zhu J, Chen X, Liu H, Tang C, Dong Z, Liu F, Peng Y
(2014) Mangiferin attenuate sepsis-induced acute kidney injury
via antioxidant and anti-inflammatory effects. Am J Nephrol
40:441-450

Hirano R, Oo TH, Watanabe K (2010) Myanmar mango landraces
reveal genetic uniqueness over common cultivars from Florida,
India, and Southeast Asia. Genome 53:321-330

Hou S, Wang F, Li Y, Wang M, Sun D, Sun C (2012) Pharmacokinetic
study of mangiferin in human plasma after oral administration.
Food Chem 132:289-294

Hou J, Zheng D, Zhong G, Hu Y (2013) Mangiferin mitigates diabetic
cardiomyopathy in streptozotocin-diabetic rats. Can J Physiol
Pharmacol 91:759-763

Hou J, Zheng D, Fung G, Deng H, Chen L, Liang J, Jiang Y, Hu Y
(2016) Mangiferin suppressed advanced glycation end products
(AGEs) through NF-kB deactivation and displayed anti-inflam-
matory effects in streptozotocin and high fat diet-diabetic cardio-
myopathy rats. Can J Physiol Pharmacol 94:332-340

Infante-Garcia C, Ramos-Rodriguez JJ, Delgado-Olmos I, Gamero-
Carrasco C, Fernandez-Ponce MT, Casas L, Mantell C, Gar-
cia-Alloza M (2017) Long-term mangiferin extract treatment
improves central pathology and cognitive deficits in APP/PS1
mice. Mol Neurobiol 54:4696-4704

Ishimoto Y, Tanaka T, Yoshida Y, Inagi R (2018) Physiological and
pathophysiological role of reactive oxygen species and reac-
tive nitrogen species in the kidney. Clin Exp Pharmacol Physiol
45:1097-1105

Jagetia GC, Baliga MS (2005) Radioprotection by mangiferin in DBAx-
C57BL mice: a preliminary study. Phytomedicine 12:209-215

Jangra A, Lukhi MM, Sulakhiya K, Baruah CC, Lahkar M (2014) Pro-
tective effect of mangiferin against lipopolysaccharide-induced
depressive and anxiety-like behaviour in mice. Eur J Pharmacol
740:337-345

Jangra A, Arora MK, Kisku A, Sharma S (2020) The multifaceted role
of mangiferin in health and diseases: a review. Adv Tradit Med
21:619-643

Jia L, Sun P, Gao H, Shen J, Gao Y, Meng C, Fu S, Yao H, Zhang G
(2019) Mangiferin attenuates bleomycin-induced pulmonary fibro-
sis in mice through inhibiting TLR4/p65 and TGF-f1/Smad2/3
pathway. J Pharm Pharmacol 71:1017-1028

Jung K, Lee B, Han SJ, Ryu JH, Kim DH (2009) Mangiferin amelio-
rates scopolamine-induced learning deficits in mice. Biol Pharm
Bull 32:242-246

@ Springer

Jyotshna Khare P, Shanker K (2016) Mangiferin: A review of
sources and interventions for biological activities. BioFactors
42:504-514

Kammalla AK, Ramasamy MK, Inampudi J, Dubey GP, Agrawal
A, Kaliappan I (2015) Comparative pharmacokinetic study of
mangiferin after oral administration of pure mangiferin and US
patented polyherbal formulation to rats. AAPS PharmSciTech
16:250-258

Kasbe P, Jangra A, Lahkar M (2015) Mangiferin ameliorates alu-
minium chloride-induced cognitive dysfunction via allevia-
tion of hippocampal oxido-nitrosative stress, proinflammatory
cytokines and acetylcholinesterase level. J Trace Elem Med Biol
31:107-112

Kulkarni VM, Rathod VK (2018) Exploring the potential of Mangifera
indica leaves extract versus mangiferin for therapeutic applica-
tion. Agric Nat Res 52:155-161

Lasano NF, Hamid AH, Karim R, Dek MSP, Shukri R, Ramli NS
(2019) Nutritional composition, anti-diabetic properties and
identification of active compounds using UHPLC-ESI-orbitrap-
MS/MS in mangifera odorata L. peel and seed kernel. Molecules
24

Lazarus JV, Han H, Mark HE, Alqahtani SA, Schattenberg JMJ, Soriano
JB, White TM, Zelber-Sagi S, Aali A, Abbasi-Kangevari M, Abu-
Gharbieh E, Abu-Shawer O, Aggarwal M, Ahinkorah BO, Ahmad
A, Ahmadi A, Alahdab F, Alkhayyat M, Almustanyir S, Amu
H, Anoushiravani A, Ashraf T, Atinafu BTT, Azadnajafabad S,
Baghcheghi N, Bagherieh S, Bardhan M, Ramirez DFB, Bhaga-
vathula AS, Bhala N, Bhat AN, Malak Bilalaga M, Biondi A,
Bitaraf S, Bolla SR, Boustany A, Calina D, Campos-Nonato
IR, Chattu VK, Chung S-C, Contreras D, Cortés S, Da’ar OB,
Dadras O, Dai X, Danaei B, Desai R, Djalalinia S, Dongarwar D,
Dsouza HL, Ekundayo TC, El Sayed I, Elemam NM, Elmonem
MA, Elsharkawy A, Ezzikouri S, Farwati A, Farzadfar F, Fekadu
G, Fischer F, GARG T, George ES, Ghamari S-H, Nour MG,
Goel A, Golechha M, Goleij P, Gupta VK, Habibzadeh P, Ali
AH, Hamid SS, Harapan H, Hariri S, Hashemian M, Hassan AM,
Hassen MB, Hay SI, Hiraike Y, Homayounfar R, Hosseini M-S,
Shabanan SH, Hoveidamanesh S, Hsieh VC-R, Huang J, Hus-
sain S, Ibitoye SE, Ilesanmi OS, Ismail NE, Iwu CCD, Merin JL,
Jamshidi E, Jayarajah U, Jayaram S, Mukesh Jeswani B, Jonas JB,
Joseph A, Joshua CE, Jozwiak JJ, Kabir A, Vidya Kadashetti et al
(2023) The global Fatty Liver Disease-Sustainable Development
Goal country score for 195 countries and territories. Hepatology.
https://doi.org/10.1097/HEP.0000000000000361

Li HW, Deng JG, Du ZC, Yan MS, Long ZX, Pham Thi PT, Yang KD
(2013) Protective effects of mangiferin in subchronic develop-
mental lead-exposed rats. Biol Trace Elem Res 152:233—42

LiJ, Liu M, Yu H, Wang W, Han L, Chen Q, Ruan J, Wen S, Zhang Y,
Wang T (2018a) Mangiferin improves hepatic lipid metabolism
mainly through its metabolite-norathyriol by modulating SIRT-1/
AMPK/SREBP-1c signaling. Front Pharmacol 9:201

Li Q-K, LiJ-M, Chen S-Y (2018b) Regulating effects of mangiferin on
oxidative stress response and mitochondrial pathway apoptosis in
spinal cord injury model. J Hainan Med Univ 24:1-4

Li X, Yan Z, Carlstrom M, Tian J, Zhang X, Zhang W, Wu S, Ye
F (2020a) Mangiferin ameliorates hyperuricemic nephropathy
which is associated with downregulation of AQP2 and increased
urinary uric acid excretion. Front Pharmacol 11:49

Li N, Xiong R, He R, Liu B, Wang B, Geng Q (2021) Mangiferin
mitigates Lipopolysaccharide-induced lung injury by inhibiting
NLRP3 inflammasome activation. J Inflamm Res 14:2289

Li X, Yan Z, Carlstrom M, Tian J, Zhang X, Zhang W, Wu S, Ye
F (2020b) Mangiferin ameliorates hyperuricemic nephropathy
which is associated with downregulation of AQP2 and increased
urinary uric acid excretion. Front Pharmacol 11

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Naunyn-Schmiedeberg's Archives of Pharmacology

Liu H, Wang K, Tang Y, Sun Z, Jian L, Li Z, Wu B, Huang C (2011)
Structure elucidation of in vivo and in vitro metabolites of man-
giferin. J Pharm Biomed Anal 55:1075-1082

Liu YW, Zhu X, Yang QQ, Lu Q, Wang JY, Li HP, Wei YQ, Yin JL,
Yin XX (2013) Suppression of methylglyoxal hyperactivity by
mangiferin can prevent diabetes-associated cognitive decline
in rats. Psychopharmacology 228:585-594

Liu C, Cong Z, Wang S, Zhang X, Song H, Xu T, Kong H, Gao P, Liu
X (2023) A review of the botany, ethnopharmacology, phyto-
chemistry, pharmacology, toxicology and quality of Anemar-
rhena asphodeloides Bunge. J Ethnopharmacol 302:115857

Lopes SC, da Silva AV, Arruda BR, Morais TC, Rios JB, Trevisan
MT, Rao VS, Santos FA (2013) Peripheral antinociceptive
action of mangiferin in mouse models of experimental pain:
role of endogenous opioids, K(ATP)-channels and adenosine.
Pharmacol Biochem Behav 110:19-26

Lum PT, Sekar M, Gan SH, Jeyabalan S, Bonam SR, Rani NNIM,
Ku-Mahdzir KM, Seow LJ, Wu YS, Subramaniyan V, Fulo-
ria NK, Fuloria S (2022) Therapeutic potential of mangif-
erin against kidney disorders and its mechanism of action: A
review. Saudi J Biol Sci 29(3):1530-1542. https://doi.org/10.
1016/j.5jbs.2021.11.016

Ma H, Chen H, Sun L, Tong L, Zhang T (2014) Improving per-
meability and oral absorption of mangiferin by phospholipid
complexation. Fitoterapia 93:54-61. https://doi.org/10.1016/j.
fitote.2013.10.016

Mahalanobish S, Saha S, Dutta S, Sil PC (2019) Mangiferin allevi-
ates arsenic induced oxidative lung injury via upregulation of
the Nrf2-HO1 axis. Food Chem Toxicol 126:41-55

Mahmoud-Awny M, Attia AS, Abd-Ellah MF, El-Abhar HS (2015)
Mangiferin Mitigates Gastric Ulcer in Ischemia/ Reperfused
Rats: Involvement of PPAR-y, NF-kB and Nrf2/HO-1 Signal-
ing Pathways. PLoS ONE 10:e0132497

Mao X, Liu L, Cheng L, Cheng R, Zhang L, Deng L, Sun X, Zhang
Y, Sarmento B, Cui W (2019) Adhesive nanoparticles with
inflammation regulation for promoting skin flap regeneration.
J Control Release 297:91-101

Mei S, Ma H, Chen X (2021) Anticancer and anti-inflammatory
properties of mangiferin: a review of its molecular mecha-
nisms. Food Chem Toxicol 149:111997

Mei S, Perumal M, Battino M, Kitts DD, Xiao J, Ma H, Chen X
(2023) Mangiferin: a review of dietary sources, absorption,
metabolism, bioavailability, and safety. Crit Rev Food Sci Nutr
63:3046-3064

Meng F, Zhang F, Meng M, Chen Q, Yang Y, Wang W, Xie H, Li
X, Gu W, Yu J (2023) Effects of the synbiotic composed of
mangiferin and Lactobacillus reuteri 1-12 on type 2 diabetes
mellitus rats. Front Microbiol 14:1158652

Mirza B, Croley CR, Ahmad M, Pumarol J, Das N, Sethi G, Bishayee
A (2021) Mango (Mangifera indica L.): a magnificent plant
with cancer preventive and anticancer therapeutic potential.
Crit Rev Food Sci Nutr 61:2125-2151

Morais TC, Arruda BR, De Sousa Magalhaes H, Trevisan MT, De
Aratjo Viana D, Rao VS, Santos FA (2015) Mangiferin ame-
liorates the intestinal inflammatory response and the impaired
gastrointestinal motility in mouse model of postoperative ileus.
Naunyn Schmiedebergs Arch Pharmacol 388:531-8

Morais TC, Arruda BR, De Sousamagalhies H, Trevisan MTS, De
Aratjo Viana D, Rao VS, Santos FA (2015) Mangiferin ame-
liorates the intestinal inflammatory response and the impaired
gastrointestinal motility in mouse model of postoperative ileus.
Naunyn-Schmiedeberg’s Arch Pharmacol 388:531-538

Morozkina SN, Nhung Vu TH, Generalova YE, Snetkov PP, Uspens-
kaya MV (2021) Mangiferin as new potential anti- cancer agent
and mangiferin-integrated polymer systems-a novel research

direction. Biomolecules 11(1):79. https://doi.org/10.3390/
biom11010079

Mujawdiya PK, Kapur S (2015) Mangiferin: a potential natural mol-
ecule for management of metabolic syndrome. Int J Pharm
Pharm Sci 7:9-13

Muruganandan S, Gupta S, Kataria M, Lal J, Gupta PK (2002) Man-
giferin protects the streptozotocin-induced oxidative damage
to cardiac and renal tissues in rats. Toxicology 176:165-173

Na L, Zhang Q, Jiang S, Du S, Zhang W, Li Y, Sun C, Niu Y (2015)
Mangiferin supplementation improves serum lipid profiles in
overweight patients with hyperlipidemia: a double-blind rand-
omized controlled trial. Sci Rep 5:10344

Ngo TV, Scarlett CJ, Bowyer MC, Vuong QV (2019) Isolation and
maximisation of extraction of mangiferin from the root of salacia
chinensis L. Separations 6

Niu Y, Li S, Na L, Feng R, Liu L, Li Y, Sun C (2012a) Mangiferin
decreases plasma free fatty acids through promoting its catabo-
lism in liver by activation of AMPK. PLoS ONE 7:e30782

Niu Y, Lu W, Gao L, Lin H, Liu X, Li L (2012b) Reducing effect
of mangiferin on serum uric acid levels in mice. Pharm Biol
50:1177-1182

Nong C, He W, Fleming D, Pan L, Huang H (2005) Capillary elec-
trophoresis 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
826:226-231

Ochocka R, Hering A, Stefanowicz-Hajduk J, Cal K, Barariska H
(2017) The effect of mangiferin on skin: Penetration, permea-
tion and inhibition of ECM enzymes. PLoS One 12:e0181542

Opovic¢ Z, Krsti¢-Milosevi¢ D, Markovi¢ M, Vidakovi¢ V, Bojovi¢ S
(2021) L. from two high mountainous habitats: inter- and intra-
population variability based on species' phytochemistry. Plants
(Basel):10

Pardo Andreu GL, Maurmann N, Reolon GK, De Farias CB, Schwarts-
mann G, Delgado R, Roesler R (2010) Mangiferin, a naturally
occurring glucoxilxanthone improves long-term object recogni-
tion memory in rats. Eur J Pharmacol 635:124-8

Pleguezuelos-Villa M, Nacher A, Hernandez MJ, Ofelia Vila Buso MA,
Ruiz Sauri A, Diez-Sales O (2019) Mangiferin nanoemulsions in
treatment of inflammatory disorders and skin regeneration. Int J
Pharm 564:299-307

Pleguezuelos-Villa M, Diez-Sales O, Manca ML, Manconi M, Sauri
AR, Escribano-Ferrer E, Nacher A (2020) Mangiferin glycetho-
somes as a new potential adjuvant for the treatment of psoriasis.
Int J Pharm 573:118844

Prado Y, Merino N, Acosta J, Herrera JA, Luque Y, Hernandez I, Prado
E, Garrido G, Delgado R, Rodeiro I (2015) Acute and 28-day
subchronic toxicity studies of mangiferin, a glucosyl xanthone
isolated from Mangifera indica L. stem bark. J] Pharm Pharma-
cogn Res 3:13-23

PUBCHEM (2022) PubChem [Online]. Available: https://pubchem.
ncbi.nlm.nih.gov/. Accessed 27 Feb 2023

Rechenchoski DZ, Agostinho KF, Faccin-Galhardi LC, Lonni AASG,
da Silva JVH, de Andrade FG, Cunha AP, Ricardo NMPS,
Nozawa C, Linhares REC (2020) Mangiferin: a promising natu-
ral xanthone from Mangifera indica for the control of acyclovir—
resistant herpes simplex virus 1 infection. Bioorg Med Chem
28:115304

Reddeman RA, Glavits R, Endres JR, Clewell AE, Hirka G, Vértesi
A, Béres E, Szakonyiné IP (2019) A toxicological evaluation of
mango leaf extract (mangifera indica) containing 60% mangif-
erin. J Toxicol 1(2019):4763015. https://doi.org/10.1155/2019/
4763015

Ren K, Li H, Zhou HF, Liang Y, Tong M, Chen L, Zheng XL, Zhao GJ
(2019) Mangiferin promotes macrophage cholesterol efflux and

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Naunyn-Schmiedeberg's Archives of Pharmacology

protects against atherosclerosis by augmenting the expression
of ABCA1 and ABCG1. Aging (albany NY) 11:10992-11009

Sadhukhan P, Saha S, Dutta S, Sil PC (2018) Mangiferin ameliorates
cisplatin induced acute kidney injury by upregulating Nrf-2 via
the activation of PI3K and exhibits synergistic anticancer activity
with cisplatin. Front Pharmacol 9

Saha S, Sadhukhan P, Sinha K, Agarwal N, Sil PC (2016) Mangiferin
attenuates oxidative stress induced renal cell damage through
activation of PI3K induced Akt and Nrf-2 mediated signaling
pathways. Biochem Biophys Rep 5:313-327

Sahu AK, Verma VK, Mutneja E, Malik S, Nag TC, Dinda AK, Arya
DS, Bhatia J (2019) Mangiferin attenuates cisplatin-induced
acute kidney injury in rats mediating modulation of MAPK
pathway. Mol Cell Biochem 452:141-152

Sanugul K, Akao T, Li Y, Kakiuchi N, Nakamura N, Hattori M (2005)
Isolation of a human intestinal bacterium that transforms man-
giferin to norathyriol and inducibility of the enzyme that cleaves
a C-glucosyl bond. Biol Pharm Bull 28:1672-1678

Sekar M (2015) Molecules of interest—-mangiferin—a review. Ann Res
Rev Biol, 307-320

Sellamuthu PS, Muniappan BP, Perumal SM, Kandasamy M (2009) Antihy-
perglycemic effect of Mangiferin in streptozotocin induced diabetic rats.
JHealth Sci 55:206-214

Singh AK, Raj V, Keshari AK, Rai A, Kumar P, Rawat A, Maity B,
Kumar D, Prakash A, De A, Samanta A, Bhattacharya B, Saha
S (2018) Isolated mangiferin and naringenin exert antidiabetic
effect via PPAR(y)/GLUT4 dual agonistic action with strong
metabolic regulation. Chem Biol Interact 280:33-44

Somani S, Zambad S, Modi K (2016) Mangiferin attenuates DSS coli-
tis in mice: Molecular docking and in vivo approach. Chem Biol
Interact 253:18-26

Song Y, Liu W, Tang K, Zang J, Li D, Gao H (2020) Mangiferin allevi-
ates renal interstitial fibrosis in streptozotocin-induced diabetic
mice through regulating the PTEN/PI3K/Akt signaling pathway.
J Diabetes Res

Sulaiman SF, Ooi KL (2012) Polyphenolic and vitamin C contents
and antioxidant activities of aqueous extracts from mature-
green and ripe fruit fleshes of Mangifera sp. J Agric Food Chem
60:11832-11838

Tan OJ, Loo HL, Thiagarajah G, Palanisamy UD, Sundralingam U
(2021) Improving oral bioavailability of medicinal herbal com-
pounds through lipid-based formulations - a scoping review.
Phytomedicine 90:153651

Telange DR, Sohail NK, Hemke AT, Kharkar PS, Pethe AM (2021)
Phospholipid complex-loaded self-assembled phytosomal soft
nanoparticles: evidence of enhanced solubility, dissolution rate,
ex vivo permeability, oral bioavailability, and antioxidant poten-
tial of mangiferin. Drug Deliv Transl Res 11:1056-1083

Tikhomirova LI, Gulikova AA (2021) Stock plant material of St John’s
Wort (hypericum perforatum 1.) based on biotechnology, pp 624

Tirichen H, Yaigoub H, Xu W, Wu C, Li R, Li Y (2021) Mitochondrial
reactive oxygen species and their contribution in chronic kidney
disease progression through oxidative stress. Front Physiol 12

WFO (2021) WFO The World Flora Online [Online]. Available: http://
www.worldfloraonline.org/. Accessed 27 Feb 2023

Wilkinson AS, Monteith GR, Shaw PN, Lin CN, Gidley MJ, Roberts-
Thomson SJ (2008) Effects of the mango components mangiferin
and quercetin and the putative mangiferin metabolite norathyriol

@ Springer

on the transactivation of peroxisome proliferator-activated recep-
tor isoforms. J Agric Food Chem 56:3037-3042

Xu M, Zhang M, Wang D, Yang CR, Zhang YJ (2011) Phenolic com-
pounds from the whole plants of Gentiana rhodantha (Gentian-
aceae). Chem Biodivers 8:1891-1900

Xu X, Chen Y, Song J, Hou F, Ma X, Liu B, Huang F (2018) Man-
giferin suppresses endoplasmic reticulum stress in perivascular
adipose tissue and prevents insulin resistance in the endothelium.
Eur J Nutr 57:1563-1575

Xuan XY, Wang YJ, Tian H, Pi JX, Sun SZ, Zhang WL (2012)
Study on prescription of self-microemulsifying drug delivery
system of mangiferin phospholipid complex. Zhong Yao Cai
35:1508-1511

Yang Z, Weian C, Susu H, Hanmin W (2016) Protective effects of man-
giferin on cerebral ischemia-reperfusion injury and its mecha-
nisms. Eur J Pharmacol 771:145-151

Yue Y, Chen X, Qin J, Yao X (2009) Characterization of the mangif-
erin-human serum albumin complex by spectroscopic and molec-
ular modeling approaches. J Pharm Biomed Anal 49:753-759

Yun C, Chang M, Hou G, Lan T, Yuan H, Su Z, Zhu D, Liang W, Li
Q, Zhu H (2019) Mangiferin suppresses allergic asthma symp-
toms by decreased Th9 and Th17 responses and increased Treg
response. Mol Immunol 114:233-242

Zhang H, Hou Y, Liu Y, Yu X, Li B, Cui H (2010) Determination of
mangiferin in rat eyes and pharmacokinetic study in plasma after
oral administration of mangiferin-hydroxypropyl-beta-cyclodex-
trin inclusion. J Ocul Pharmacol Ther 26:319-324

Zhang D, Han S, Zhou Y, Qi B, Wang X (2020) Therapeutic effects
of mangiferin on sepsis-associated acute lung and kidney inju-
ries via the downregulation of vascular permeability and protec-
tion of inflammatory and oxidative damages. Eur J Pharm Sci
152:105400

Zhao'Y, Wang W, Wu X, Ma X, QuR, Chen X, Liu C, Liu Y, Wang X,
Yan P (2017) Mangiferin antagonizes TNF-a-mediated inflam-
matory reaction and protects against dermatitis in a mice model.
Int Immunopharmacol 45:174-179

Zheng D, Hou J, Xiao Y, Zhao Z, Chen L (2012) Cardioprotective
effect of mangiferin on left ventricular remodeling in rats. Phar-
macology 90:78-87

Zhou Y, Li X, Luo W, Zhu J, Zhao J, Wang M, Sang L, Chang B,
Wang B (2022) Allicin in digestive system cancer: from bio-
logical effects to clinical treatment. Front Pharmacol 13:903259

Zhou H, Mao Z, Zhang X, Li R, Yin J, Xu Y (2023) Neuroprotective
effect of mangiferin against Parkinson's disease through G-pro-
tein-coupled receptor-interacting protein 1 (GIT1)-mediated
antioxidant defense. ACS Chem Neurosci

Zhu X, Cheng YQ, Du L, Li Y, Zhang F, Guo H, Liu YW, Yin XX
(2015) Mangiferin attenuates renal fibrosis through down-regu-
lation of osteopontin in diabetic rats. Phytother Res 29:295-302

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Naunyn-Schmiedeberg's Archives of Pharmacology

Authors and Affiliations

Jelena Zivkovi¢' - Kammala Ananth Kumar? - Rapuru Rushendran? - Kaliappan llango* - Nouran M. Fahmy®*© .
Heba A. S. EI-Nashar>® . Mohamed El-Shazly®>” - Shahira M. Ezzat®° - Guiomar Melgar-Lalanne'® -

Alejandra Romero-Montero'" - Sheila I. Pefia-Corona'" - Gerardo Leyva-Gomez'' - Javad Sharifi-Rad'? -
Daniela Calina™

D4 Jelena Zivkovié 2 Department of Obstetrics and Gynecology, Division of Basic
jelenazivkovicl @yahoo.com Sciences and Translational Medicine, University of Texas
54 Javad Sharifi-Rad Medical Branch, Galveston, TX 77555, USA

javad.sharifirad @ gmail.com

P4 Daniela Calina
calinadaniela@ gmail.com

Department of Pharmacology, SRM College of Pharmacy,
SRM Institute of Science and Technology (SRMIST),
Kattankulatur 603203, Tamil Nadu, India

School of Pharmacy, Hindustan Institute Technology

Kammala Ananth Kumar and Science, Padur, Chennai 603 103, India

royalananth @ gmail.com
Department of Pharmacognosy, Faculty of Pharmacy, Ain

Rapuru Rushendran Shams University, Abbassia, Cairo, Egypt

rushicology @ gmail.com
Center of Drug Discovery Research and Development, Ain

Kaliappan Ilango Shams University, Cairo, Egypt

deanpharm @hindustanuniv.ac.in
Department of Pharmaceutical Biology, Faculty of Pharmacy
and Biotechnology, German University in Cairo,

Cairo 11835, Egypt

Nouran M. Fahmy
Nouran_Fahmy @pharma.asu.edu.eg

Eeel:)aa Aﬁiﬁga;:ra;a asuedue 8 Department of Pharmacognosy, Faculty of Pharmacy, Cairo
P P -asu.cdu.cg University, Kasr El-Aini Street, Cairo 11562, Egypt
xgﬁ;ggg flls_l?at?zg harma.asuedu e K Pharmacognosy, Faculty of Pharmacy, October University
: yep -asu.cdu.cg for Modern Sciences and Arts (MSA), Giza 12451, Egypt
Shahira M. Ezzat 10

shahira.czzat @ pharma.cu.cdu.c Instituto de Ciencias Bésicas, Universidad Veracruzana,
: ’ p cuedu.cg Avda. Castelazo Ayala S/N, 91190 Xalapa, Veracruz, Mexico
Guiomar Melgar-Lalanne 1

emelgar@uv.mx Departamento de Farmacia, Facultad de Quimica,

Universidad Nacional Auténoma de México,

Alejandra Romero-Montero 04510 Ciudad de México, Mexico
alejandra.romero.montero @outlook.com 12 Facultad de Medicina, Universidad del Azuay, Cuenca,
Sheila I. Pefia-Corona Ecuador

sheilairaispc @ gmail.com 13

Department of Clinical Pharmacy, University of Medicine
Gerardo Leyva-Gomez and Pharmacy of Craiova, 200349 Craiova, Romania
leyva@quimica.unam.mx

Institute for Medicinal Plants Research “Dr. Josif Pan¢i¢”,
TadeuSa KoScuska 1, Belgrade, Serbia

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com
https://www.researchgate.net/publication/373599491

