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ARTICLE INFO ABSTRACT

This mini review aims to explore the potential of alpha-mangostin as an
antiviral candidate. Alpha-mangostin is a natural compound found in the
fruit of the Garcinia mangostana tree. Over the years, it has attracted
considerable attention due to its diverse pharmacological properties,
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including antiviral activity. This review provides an overview of the
current literature on the antiviral effects of alpha-mangostin, focusing on
its mechanisms of action and its efficacy against various viral infections.
The potential application of alpha-mangostin as a therapeutic agent against
viral diseases is discussed, along with future research directions and
challenges in the development of alpha-mangostin-based antiviral
therapies.
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GRAPHICALABSTRACT

Garcinia mangostana

Introduction

Viral infections continue to pose a significant
global health threat, with limited treatment
options available for many viral diseases. The
search for novel antiviral agents from natural
sources has gained considerable attention in
recent years. Among the numerous natural
compounds under investigation, alpha-mangostin
has emerged as a promising candidate with
potential antiviral properties. Alpha-mangostin is
a xanthone derivative primarily found in the fruit
of the Garcinia mangostana tree,
Southeast Asia [1-3]. Alpha-mangostin has been
the subject of extensive research due to its
diverse pharmacological including
antimicrobial, anti-inflammatory,
and anticancer effects. In recent years, the focus
has

native to

activities,
antioxidant,
shifted towards exploring its antiviral
potential. Various studies have demonstrated
that alpha-mangostin  exhibits  significant
inhibitory effects against a wide range of viruses,
including DNA and RNA viruses. These findings
have sparked interest in investigating alpha-
mangostin as a potential therapeutic agent

OCH3
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against viral infections [4-6]. The mechanisms
underlying the antiviral activity of alpha-
mangostin are multifaceted. Studies have shown
that it can inhibit viral entry into host cells by
interacting with viral envelope proteins or
cellular receptors. Additionally, alpha-mangostin
has been reported to interfere with different
stages of the viral replication cycle, such as viral
attachment, genome replication, protein
synthesis, and virion assembly. Furthermore, it
possesses immunomodulatory  properties,
influencing the host immune response against
viral infections [7-9]. The antiviral effects of
alpha-mangostin have been evaluated against a
wide array of viruses, including herpesviruses,
influenza viruses, human immunodeficiency virus
(HIV), dengue virus, and hepatitis viruses, among
others. In vitro and in vivo studies have
demonstrated promising results, indicating the
potential of alpha-mangostin as
spectrum antiviral agent. Furthermore, recent
studies

a broad-

have explored its efficacy against
emerging viral infections, such as Zika virus and
severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) [10-12].
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While the antiviral activity of alpha-mangostin is
promising, several challenges and questions
remain. The bioavailability and pharmacokinetic
properties of alpha-mangostin need to be further
elucidated to determine suitable dosage regimens
and formulations for clinical applications. Safety
considerations and potential toxicity profiles also
require comprehensive evaluation. In addition,
the synergistic effects of alpha-mangostin in
combination with other antiviral agents should
be investigated to enhance its therapeutic
potential [13-15]. In this mini review, we aim to
provide an overview of the current literature on
alpha-mangostin as an antiviral candidate. We
will discuss the mechanisms of action underlying
its antiviral effects, summarize its activity against
different viral infections, and explore its potential
applications as an adjunct therapy or
prophylactic agent. Furthermore, we will address
the challenges and future perspectives in the
development of alpha-mangostin-based antiviral
therapies. By consolidating the available
knowledge, this review seeks to contribute to the
understanding of alpha-mangostin's antiviral
potential and guide further research in this
promising field.

Source and Extraction

The primary natural source of alpha-mangostin is
the fruit of the Garcinia mangostana tree,
commonly known as the mangosteen. The
mangosteen tree is native to tropical regions of
Southeast Asia, including countries such as
Indonesia, Thailand, and Malaysia. The fruit is
highly valued for its delicious taste and has been
consumed traditionally for centuries [16-18].

The extraction of alpha-mangostin from the
mangosteen fruit involves a multi-step process.
The initial step typically involves the removal of
the pericarp, which is the thick outer rind of the
fruit. The pericarp contains high concentrations
of alpha-mangostin compared to other parts of
the fruit. Once the pericarp is separated, it is
dried and ground into a fine powder [19-21].
Various extraction methods have been employed
to isolate alpha-mangostin from the powdered
pericarp. Solvent extraction methods, such as
maceration, reflux, or Soxhlet extraction, are

commonly used. Organic solvents such as ethanol,
methanol, or ethyl acetate are frequently
employed due to their ability to effectively
dissolve and extract alpha-mangostin from the
plant material [22-24]. After extraction, the
solvent is evaporated under reduced pressure to
obtain a crude extract containing alpha-
mangostin. Further purification steps, such as
column chromatography or crystallization, may
be employed to isolate and obtain a pure form of
alpha-mangostin. The purity of the extracted
compound can be assessed using analytical
techniques like  high-performance liquid
chromatography (HPLC) or mass spectrometry
(MS) [25-27].

[t is worth noting that alternative methods,
including  supercritical  fluid  extraction,
ultrasound-assisted extraction, and microwave-
assisted extraction, have also been explored for
the alpha-mangostin. These
methods offer advantages such as shorter
extraction times, reduced solvent consumption,
and enhanced extraction efficiency, but their
application in large-scale production
commercial settings requires
investigation [28-30].

The availability and abundance of mangosteen
trees and the extraction yield of alpha-mangostin
can vary depending
geographical location, climate, and cultivation
practices.

Therefore, efforts have been made to explore
sustainable cultivation techniques and improve
extraction processes to ensure a reliable and
consistent supply of alpha-mangostin for further
research and potential pharmaceutical
development [31-33]. To alpha-
mangostin is primarily sourced from the fruit of
the Garcinia mangostana tree. The pericarp of the
fruit, which contains high concentrations of
alpha-mangostin, is extracted using solvent-
based methods. Further purification steps are

extraction of

and
further

on factors such as

sum up,

often employed to obtain a pure form of alpha-
mangostin. Continued research in extraction
techniques practices
contribute to the sustainable production of alpha-

and cultivation will

mangostin and facilitate its potential use as an
antiviral candidate [34, 35].
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Chemical structure and properties

Alpha-mangostin, chemically known as C24H260,
belongs to the class of xanthone derivatives. It is
a yellowish crystalline compound with a
molecular weight of 410.47 g/mol. The chemical
structure of alpha-mangostin consists
xanthone core, which comprises two aromatic
benzene rings linked by a pyran ring [36, 37]. The
xanthone core of alpha-mangostin is decorated
with various functional groups, including
hydroxyl (-OH) and methoxy (-OCH3) groups.
These functional groups contribute to its overall
chemical properties and biological activities. The
presence of multiple hydroxyl groups renders
alpha-mangostin a polyphenolic compound,
contributing to its antioxidant potential. Alpha-
mangostin exhibits lipophilic characteristics due
to the presence of long hydrocarbon chains
attached to the xanthone core. This lipophilicity
facilitates its interaction with cellular membranes
and biological targets, potentially influencing its
antiviral activity [38, 39]. Furthermore, the
chemical stability of alpha-mangostin is
influenced by environmental factors such as light,
heat, and pH. It is relatively stable under acidic
conditions, but degradation may occur under
alkaline conditions. The sensitivity of alpha-
mangostin to degradation by light and heat
necessitates appropriate storage and handling
conditions to maintain its stability and potency
[40, 41]. The physicochemical properties of
alpha-mangostin contribute to its solubility
characteristics, which in impact its
formulation and delivery. Alpha-mangostin is
sparingly soluble in water, but exhibits good
solubility in organic solvents such as ethanol,
methanol, and ethyl acetate. The low aqueous
solubility poses challenges for its systemic
administration, necessitating the development of
appropriate solubilization strategies such as
nanoemulsions,

of a

turn

nanoparticles, or inclusion
complexes [42]. Therefore, alpha-mangostin is a
xanthone derivative with a distinct chemical
structure. Its polyphenolic nature, lipophilicity,
and functional groups contribute to its biological
activities, including its potential antiviral effects.
Understanding the chemical properties of alpha-

mangostin is crucial for its formulation, delivery,

and optimization as an antiviral candidate [33,
38]. Further investigations into its structure-
activity relationship will shed light on its
interaction with viral targets and aid in the
design of more potent derivatives or analogs.

Antiviral mechanisms of alpha-mangostin

The antiviral mechanisms of alpha-mangostin are
diverse and multifaceted, contributing to its
potential efficacy against various viral infections.
Understanding these mechanisms is essential for
elucidating its mode of action and optimizing its
use as an antiviral candidate. Several key
mechanisms of action have been proposed based
on experimental evidence:

Inhibition of viral entry

Alpha-mangostin has been reported to interfere
with viral entry into host cells. It can inhibit viral
attachment to cellular receptors, thereby
preventing viral fusion and internalization.
Studies have demonstrated that alpha-mangostin
can directly interact with viral envelope proteins,
such as glycoproteins or spike proteins, hindering
their binding to host cell receptors. By blocking
the initial steps of viral entry, alpha-mangostin
limits viral infection and replication within host
cells [43].

Viral replication suppression

Another crucial mechanism by which alpha-
mangostin exerts its antiviral activity is through
the suppression of viral replication. Alpha-
mangostin has been shown to inhibit key steps in
the viral replication cycle, such as viral genome
replication and protein synthesis. It can interfere
with viral enzymes in replication,
transcription, or translation processes, thereby
inhibiting viral replication and reducing the
production of infectious viral particles [44].

involved

Modulation of host immune response

Alpha-mangostin possesses immunomodulatory
properties that can influence the host immune
response against viral infections. It has been
demonstrated to modulate the production of pro-
inflammatory cytokines, such as interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-a), and
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interferons (IFNs). By regulating the immune
response, alpha-mangostin may contribute to the
control of excessive inflammation and promote a
balanced immune environment conducive to viral
clearance [45].

Inhibition of viral protease activity

Many viruses rely on specific proteases for their
replication and maturation. Alpha-mangostin has
shown inhibitory effects on viral proteases, such
as the HIV protease or the proteases involved in
the processing of viral polyproteins. By blocking
protease  activity,  alpha-mangostin
interferes with viral the
generation of infectious virions [46].

viral
maturation and

Disruption of viral protein-protein interactions

Alpha-mangostin has also been reported to
disrupt critical protein-protein interactions
essential for viral replication. It can interfere with
the formation of viral protein complexes,
preventing the proper assembly and function of
viral replication complexes. By disrupting these
interactions, alpha-mangostin  hinders the
efficient replication of viral genomes and the
production of infectious progeny [47]. These
collectively the
antiviral potential of alpha-mangostin. It is
important to note that the specific mechanisms of
action may vary depending on the virus under
investigation, highlighting the broad-spectrum
nature of alpha-mangostin's antiviral activity.
Further research is necessary to fully elucidate
the detailed molecular interactions between
alpha-mangostin and viral targets, providing
insights into its precise mode of action and
enabling the development of more targeted
antiviral strategies [48].

mechanisms contribute to

Antiviral activity of alpha-mangostin

The antiviral activity of alpha-mangostin has
been investigated against a wide range of viruses,
including both DNA and RNA viruses. Numerous
in vitro and in vivo studies have provided valuable
insights into its efficacy against various viral
infections [13, 14, 21, 23]. The following
subsections highlight the antiviral activity of
alpha-mangostin against different viral families:

Alpha-mangostin against DNA viruses

Alpha-mangostin  has demonstrated potent
antiviral effects against DNA viruses, including
herpesviruses such as herpes simplex virus type
1 (HSV-1) and type 2 (HSV-2), varicella-zoster
virus (VZV), and human cytomegalovirus
(HCMV). Studies that alpha-
mangostin inhibits viral replication, reduces viral
gene expression, and impedes the formation of
infectious viral particles. Furthermore, it has
exhibited antiviral activity against other DNA
such as and

have shown

viruses adenoviruses

papillomaviruses [49, 50].

Alpha-mangostin against RNA viruses

Alpha-mangostin has also shown promising
antiviral activity against RNA viruses. It has been
reported to inhibit the replication of RNA viruses
belonging to different families, including
flaviviruses (e.g., dengue virus, Zika virus),
coronaviruses (e.g., SARS-CoV, MERS-CoV), and
influenza viruses. Alpha-mangostin has been
found to reduce viral RNA synthesis, impede viral
protein expression, and inhibit the release of
infectious viral particles. These effects suggest its
potential utility as an antiviral agent against a
broad spectrum of RNA viruses [10, 11, 15].

Alpha-mangostin against emerging viral infections

In addition to its efficacy against well-known
viral pathogens, alpha-mangostin has shown
promise against emerging viral infections. For
instance, studies have investigated its antiviral
activity against the Zika virus, which emerged as
a significant public health concern. Alpha-
mangostin has demonstrated inhibitory effects on
Zika virus replication, viral protein expression,
and the production of infectious viral particles.
Furthermore, recent investigations have explored
its potential against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of the ongoing COVID-19
pandemic. Preliminary studies have indicated
that alpha-mangostin may exhibit inhibitory
effects on SARS-CoV-2 although
further research is needed to evaluate its efficacy
and potential synergistic effects with other
antiviral agents [20, 22].

replication,
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The antiviral activity of alpha-mangostin can vary
depending on factors such as the specific virus,
strain, cell type, and experimental
conditions. While promising, it is important to
note that most studies evaluating its antiviral
activity have been conducted in vitro or in animal
models, and further research is needed to assess
its effectiveness in human clinical settings [23].
Thus, alpha-mangostin has demonstrated broad-
spectrum antiviral activity against DNA and RNA
viruses, including  both well-established
pathogens and emerging viral infections. Its
ability to inhibit viral replication, reduce viral
gene expression, and disrupt viral particle
formation highlights its potential as a therapeutic
agent against viral diseases. Further studies,
including clinical trials,
determine the full extent of its antiviral efficacy,
evaluate its safety profile, and optimize its
formulation and delivery for potential clinical
applications.

viral

are necessary to

Pharmacokinetics and toxicity profile

To fully explore the potential of alpha-mangostin
as an antiviral candidate, an understanding of its
pharmacokinetics and toxicity profile is essential.
These aspects provide valuable insights into its
absorption, distribution, metabolism, excretion,
as well as its safety considerations [17-19]. The
following subsections provide an overview of the
knowledge regarding the
pharmacokinetics and toxicity profile of alpha-
mangostin:

current

Absorption,  distribution,  metabolism,  and

excretion

Limited studies have focused specifically on the
pharmacokinetics of alpha-mangostin. It is
known to exhibit low aqueous solubility, which
can influence its absorption and bioavailability.
Efforts have been made to enhance its solubility
and oral bioavailability through formulation
approaches such as nanoemulsions, solid lipid
nanoparticles, and self-microemulsifying drug
These strategies
improve the dissolution and absorption of alpha-
mangostin in the gastrointestinal tract [31, 32].
absorbed,

delivery systems. aim to

Once alpha-mangostin undergoes

distribution throughout the body. It has been
detected in various tissues and organs, indicating
its ability to penetrate biological barriers.
However, further required to
elucidate its specific distribution patterns and
[37, 45]. The alpha-
mangostin metabolism has been investigated to a
limited extent. In in vitro studies using liver
microsomes, it was found to undergo metabolism
primarily through cytochrome P450 enzymes.
The identification of specific metabolites and
their pharmacological activities requires further
investigation [4, 6, 7]. The excretion pathways of
alpha-mangostin have not been extensively
studied. It is anticipated that alpha-mangostin
and its metabolites are eliminated primarily
through biliary and renal routes.
comprehensive studies on its excretion kinetics,
including the major
metabolites and their elimination pathways, are
needed to gain a comprehensive understanding
of its pharmacokinetic profile [47, 48].

research is

tissue concentrations

However,

characterization of

Safety and toxicological considerations

The safety profile of alpha-mangostin is an
important aspect to consider for its development
as an antiviral candidate. Overall, it has shown a
favorable safety profile in preclinical studies.
Acute and subchronic toxicity studies in animal
models have indicated a lack of significant
adverse effects at therapeutic doses. However,
long-term toxicity studies and comprehensive
safety evaluations are required to assess its
chronic toxicity and potential cumulative effects.
Investigations into the cytotoxicity of alpha-
mangostin have demonstrated varying results
depending on the cell type and concentration
used. While it exhibits selective cytotoxicity
towards cancer cells, further studies are needed
to evaluate its impact on normal cells and tissues
[32, 50]. Toxicological
evaluated the genotoxicity and mutagenicity of

studies have also
alpha-mangostin. In general, it has shown no
genotoxic potential in bacterial mutagenicity
assays
Nevertheless, additional genotoxicity studies are
necessary to fully assess its safety profile [23, 27].

The

and in vitro micronucleus tests.

pharmacokinetics of alpha-mangostin,
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including its absorption, distribution,
metabolism, and excretion, are still areas of
ongoing research. Efforts to enhance its solubility
and bioavailability have been explored through
various approaches. Moreover,
alpha-mangostin has demonstrated a favourable
safety profile in preclinical studies, showing
limited acute and subchronic toxicity. However,
further studies are required to comprehensively
evaluate its chronic toxicity, genotoxicity, and
potential adverse effects. Continued investigation
into the pharmacokinetics and toxicology of
alpha-mangostin is crucial to
appropriate dosage optimize its
formulation, and ensure its safety in potential
clinical applications as an antiviral candidate [37,
39,41, 42].

formulation

determine
regimens,

Potential therapeutic applications
Alpha-mangostin as an adjunct therapy

Alpha-mangostin holds potential as an adjunct
therapy in combination with existing antiviral
agents. The synergistic effects of alpha-mangostin
with conventional antiviral drugs have been
investigated in several studies.
therapy can offer advantages such as increased
antiviral efficacy, reduced drug resistance, and
expanded antiviral spectrum. Alpha-mangostin's
unique mechanisms of action, such as viral entry

Combination

inhibition and modulation of host immune
response, may complement the modes of action
of existing antiviral agents, leading to improved

treatment outcomes [19, 23, 24].

Alpha-mangostin as a prophylactic agent

Given its broad-spectrum antiviral activity, alpha-
mangostin also holds promise as a prophylactic
agent against viral infections. Prophylaxis aims to
prevent viral infection in individuals at high risk
or in specific populations. Alpha-mangostin's
ability to inhibit viral entry and replication
suggests it could be used as a preventive measure
to reduce the risk of viral transmission. Further
research is needed to determine appropriate
dosing regimens and administration routes for
prophylactic [27, 28]. The potential
applications of alpha-mangostin extend beyond
direct antiviral effects. Its immunomodulatory

use

properties may have implications in enhancing
host which could be
beneficial in with compromised
systems. Furthermore, alpha-
mangostin's antioxidant and anti-inflammatory
activities may contribute to alleviating viral-
induced oxidative stress and inflammation,
potentially mitigating tissue damage associated
with viral infections [20, 21]. Despite its potential
therapeutic applications, challenges remain in the
development of alpha-mangostin-based antiviral
therapies. The optimization of its formulation,
enhancement of its bioavailability,
determination of appropriate dosing regimens
are critical for effective clinical translation.
Moreover, rigorous preclinical
studies are required to evaluate its safety,
efficacy, and potential drug interactions in
diverse populations [37, 45]. Alpha-mangostin
holds promise as both an adjunct therapy and a
prophylactic agent in the fight against viral
infections. Its synergistic effects with existing
antiviral drugs, broad-spectrum antiviral activity,
and immunomodulatory properties make it an
attractive candidate for further investigation.
Continued research efforts are necessary to
uncover its full therapeutic potential, optimize its
formulation, and evaluate its safety and efficacy
in clinical settings [44, 46].

immune responses,
individuals

immune

and

and clinical

Challenges and future perspectives
Formulation and delivery systems

One of the primary challenges in utilizing alpha-
mangostin as an antiviral therapy lies in its
formulation and delivery systems. As a
compound with limited aqueous solubility,
developing efficient delivery methods to enhance
its bioavailability and target specific sites of viral
infection is Strategies such as
nanoformulations, liposomes, or prodrug
approaches may be explored to improve its
solubility, stability, and targeted delivery to
the
development of suitable dosage forms, including
oral, topical, or intravenous formulations, would
contribute to its clinical feasibility and efficacy
[29, 31].

crucial.

infected cells or tissues. Moreover,
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Clinical trials and regulatory considerations

The translation of alpha-mangostin from
preclinical studies to clinical trials poses another
challenge. Conducting well-designed clinical trials
with appropriate endpoints, patient populations,
and rigorous methodologies is necessary to
evaluate its safety, efficacy, and optimal dosing
Furthermore,

and guidelines
addressed to ensure compliance with ethical and
legal standards for the development and approval
of alpha-mangostin-based antiviral therapies [18,

19].

regimens. regulatory

considerations need to be

Combination therapies and synergistic effects

Exploring combination therapies involving alpha-
mangostin and other antiviral agents represents a
promising avenue for future research. Synergistic
effects may be achieved by combining alpha-
mangostin with existing antiviral drugs or other
compounds with  complementary
mechanisms of action. Combination therapies
could lead to enhanced antiviral activity, reduced
drug resistance, and broader efficacy against a
range of However,
comprehensive studies are needed to investigate
the compatibility, optimal dosing, and potential
interactions of alpha-mangostin with other
therapeutic agents [11-13].

natural

viral infections.

Pharmacogenomics and personalized medicine

Concerning the inter-individual variability in
response to therapies,
pharmacogenomic studies could provide valuable
insights into the efficacy and safety of alpha-
mangostin. Identifying genetic that
influence individual responses to alpha-
mangostin could aid in the development of
personalized treatment approaches. Moreover,
understanding the pharmacogenomics of alpha-
mangostin could help optimize its dosing
regimens, minimize adverse effects, and improve
treatment outcomes [34, 35].

antiviral

factors

Sustainability and commercial production

As the interest in alpha-mangostin as an antiviral
candidate grows, ensuring
environmentally friendly methods of production

sustainable and

is vital. Exploring eco-friendly cultivation
practices, optimizing extraction processes, and
implementing scalable production methods will
contribute to a supply of alpha-
mangostin for pharmaceutical development.
Collaborations between researchers, industry
partners, and local communities can foster
sustainable  practices promote the
responsible utilization of natural resources [47,
49]. While alpha-mangostin shows great promise
as an antiviral candidate, several challenges must
be addressed for its successful development.
Formulating optimal
conducting robust clinical trials, and considering
combination therapies are critical for advancing
alpha-mangostin-based therapies.
Additionally, the integration of pharmacogenomic
approaches and sustainable production practices
will therapeutic potential

support its responsible utilization [50-52].

reliable

and

delivery systems,

antiviral

enhance its and

Conclusion

In conclusion, alpha-mangostin shows immense
potential as an antiviral candidate. Its diverse
mechanisms of action, broad-spectrum antiviral
activity, and natural origin make it a promising
therapeutic option in the fight against viral
infections. Continued research efforts,
collaboration between academia and industry,
and regulatory support are necessary to further
explore its efficacy, optimize its
formulation and delivery, and pave the way for its
translation into clinical practice. Alpha-
mangostin stands as a promising natural
compound that holds the potential to contribute
significantly to the development of novel antiviral
therapies and the mitigation of viral diseases in
the future.

antiviral
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