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ABSTRACT

Garcinia mangostana L. (Mangosteen), a functional food, belongs to the Garci-
naceae family and has various pharmacological effects, including anti-oxidative, anti-
inflammatory, anticancer, antidiabetic, and neuroprotective effects. Mangosteen has
abundant chemical constituents with powerful pharmacological effects. After searching
scientific literature databases, including PubMed, Science Direct, Research Gate, Web
of Science, VIP, Wanfang, and CNKI, we summarized the traditional applications,
botanical features, chemical composition, and pharmacological effects of mangosteen.
Further, we revealed the mechanism by which it improves health and treats disease.
These findings provide a theoretical basis for mangosteen’s future clinical use and will
aid doctors and researchers who investigate the biological activity and functions of food.

Subjects Biochemistry, Food Science and Technology, Plant Science

Keywords Mangosteen, Botanical features, Phytochemistry, Biological activity, Application,
Molecular mechanisms

INTRODUCTION

Garcinia mangostana L. (Mangosteen), also known as Mangji persimmon, belongs to the
family Garcinaceae and is usually grow in Southeast Asian countries, such as Thailand,
Malaysia, and Indonesia (Aizat et al., 2019; Arif et al., 2020). Tt is widely believed that this
fruit tree that reaches a height of 6 to 25 m is native to Sunda and the Maluku islands of east
Indonesia (Fig. 1). Mangosteen is suitable for planting in low-altitude tropical areas, and
its growth is relatively slow. Its ripe fruits are spherical and measure 5-8 cm in diameter.
The inedible peel constitutes more than 50% of the fresh weight and is often discarded as
waste (Chen et al., 2021). However, the mangosteen peel has traditionally been used for its
medical properties all over the world, especially in Southeast Asia (Tousian Shandiz, Razavi
¢ Hosseinzadeh, 2017). Mangosteen has attracted attention both in its country of origin
and Western countries, where it is regarded as a functional food. Its commercial products
are supplied as extract powder, capsules, and juice (Kim et al., 2015). For example, it is
becoming a household fruit juice in America due to its high concentration of antioxidant
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Figure 1 (A) Animage of the unripe fruit on the mangosteen tree; (B) an image of the ripe fruit and its
internal structure.
Full-size Gal DOI: 10.7717/peer;j.15329/fig-1

compounds, including phenolic compounds and o-mangostin ( «-MG) (Kwansang, Chen
& Chaiprateep, 2022).

Current research indicates that mangosteen contains abundant chemical constituents,
including polysaccharides, xanthrones, procyanidin, benzophenones, bioflavonoids, and
triterpenoids (Espirito Santo et al., 2020). The pharmacological effects of mangosteen
include anti-oxidative, anti-inflammatory, anti-tumor, anti-depressive, anti-microbial
anti-parasitic, and neuroprotective effects (Markowicz et al., 2019; Sultan et al., 2022).

It has also been used in the treatment of various skin conditions. However, to the
best of our knowledge, the traditional applications, botany, chemical composition, and
pharmacological effects of mangosteen, and especially the mechanism by which it improves
health and treats disease, have not been reviewed comprehensively. Therefore, in this review,
we summarized and analyzed the data presented in recent studies on mangosteen with the
goal of expanding the collective knowledge on mangosteen and its medicinal applications.

SURVEY METHODOLOGY

PubMed, Science Direct, Research Gate, Web of Science, VIP, Wanfang, CNKI, and other
databases were used to search for the following terms in English or Chinese: mangosteen,
botanical features, phytochemistry, biological activity, and application.

TRADITIONAL APPLICATIONS

Mangosteen is a medical plant with a long history in Southeast Asia, including Malaysia
and the Philippines (Wang et al., 2018). In the ayurvedic system of medicines which

is widely practiced in modern India, mangosteen has high medicinal value because its
hull contains «-MG, which has been used for the treatment of inflammation, diarrhea,
cholera, and dysentery (Ibrahim et al., 2019). In addition to the hull, the rind, bark, and
root have also been shown to have medicinal value. The rind has been utilized as an
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antibacterial agent and a medicine for the management of wounds, suppurations, and
chronic ulcers. Hyperkeratosis, eczema, psoriasis, and other skin disorders have been
treated by an ointment extracted from the leaves and bark of mangosteen (Gopalakrishnan,
Banumathi & Suresh, 1997). In addition, amibiasine is a bark extract employed for the
therapy of amoebic dysentery. The rind has been used for the treatment of gleet, cystitis,
gonorrhea, and diarrhea (Taher et al., 2016). A root decoction has been utilized to manage
menstrual disorders in women. A decoction and infusion extracted from the peels and
seeds has shown anti-pyretic, anti-scorbutic, anti-infective, and laxative effects. Specifically,
it has been prescribed for gastrointestinal and urinary tract infections. The rinds and
decoctions of barks and leaves are the raw materials of a tea, which has been used to treat
different urinary disorders, dysentery, diarrhea, and fever in Malaya and the Philippines
(Obolskiy et al., 2009). In conclusion, although different parts of mangosteen have their own
therapeutic effects on diseases, the relevant active constituents and mechanisms of action
have not yet been elucidated. Therefore, studying the extraction, isolation, identification,
pharmacological actions, and underlying mechanisms of active parts of mangosteen is of
great significance.

BOTANY

Mangosteen belongs to the Garcinaceae family and is an endemic evergreen tree species that
is suitable for planting in low-altitude areas (Matra et al., 2016). It is a strictly tropical fruit
with a restricted range of adaptability. Thus, it can only be found in Malaysia, Indonesia,
Thailand, southern India, Northern Australia, Hawaii, Central America, Brazil, and other
tropical countries. Although mangosteen is a complex dioecious plant, males are not yet
known, and females have sterile anthers, resulting in anathecus reproduction (Rarmage
et al., 2004). Therefore, due to its strict growth environment requirements and difficult
breeding conditions, mangosteen is a precious fruit.

The mangosteen plant can reach a height of 6-25 m, with dense foliage covering the
crown. The growth of mangosteen is relatively slow, as it takes 7—9 years for the first harvest
after planting. The fruit matures from May to October every year, and the yield is highest
from August to October (Aizat et al., 2019). After ripening, the fruit is spherical, dark
purple, and 5-8 cm in diameter. It has white flesh and a hard rind. Due to its unique taste
and medicinal value, mangosteen is known as the “Queen of Fruits.” (Ramage et al., 2004).
The edible aril is juicy and soft, with a sweet and slightly sour taste and a pleasant fragrance
(Khaw, Chong ¢ Murugaiyah, 2020). Moreover, mangosteen seeds are present in one or
both septa of each fruit. Mangosteen is classified as a fragile plant due to its sensitivity to
drought and low temperatures (Eukun Sage et al., 2018).

PHYTOCHEMISTRY

Polysaccharides

Mangosteen polysaccharides have a complex molecular structure, consisting of a variety of
monosaccharides. They are extensively used in the biomedical field due to their non-toxicity
and lack of side effects. These polysaccharides have antioxidant, anticoagulant, anti-tumor,
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and immune system-supporting effects (Chen et al., 2020; Park ¢ Shin, 2019; Zhang et al.,
2020a; Zhang et al., 2020b). They also have unique structural features, such as the presence
of specific functional groups, different degrees of branching, and unique conformations
and molecular weight distribution. As a main bioactive component in mangosteen peel,
polysaccharides are characterized by abundant and powerful bioactivities (Zhang et al.,
2020a; Zhang et al., 2020b). The biological activities of polysaccharides depend on their
structural features; thus, polysaccharides from the same source exhibit different biological
activities.

The polysaccharide content of a mangosteen peel extract was 27.12%. In a study,
researchers isolated and identified two kinds of polysaccharides from mangosteen peel,
GMP70-1 and GMP90-1, and determined their structure and molecular characteristics.
GMP70-1 consisted of four monosaccharides, namely, arabinose, arabinose, rhamnose,
and galacturonic acid, with a molar ratio of 16.20:3.29:2.95:1.00, respectively. The repeated
unit of GMP70-1 was determined to be (1 — 5)-linked «-L-Araf, (1 — 3, 5)-linked
a-L-Araf, (1 — 2, 4)-linked «-L-Rhap, (1 — 4)-linked 8-D-Galp, terminating in t-
a-L-Araf, t- «-D-GalpA, and t- 8-D-Galp (Zhang et al., 2020a; Zhang et al., 2020b). The
major components of GMP90-1 were arabinose, galactose, and rhamnose, with a relative
abundance of 92.4%, 5.1%, and 2.6%, respectively (Fig. 2). The backbone of GMP90-1
was composed of (1 —5)-linked a-L-Araf, (1 —2,3,5)-linked «-L-Araf, (1 —3,5)-linked
a-L-Araf, (1 —6)-linked B-D-Galp, and (1 — 2)-linked r-L-Rhap. The two polysaccharides
extracted from mangosteen promoted macrophage phagocytosis to neutral red; accelerated
the release of tumor necrosis factor- @ (TNF- «), interleukin-1 8 (IL-1 ), interleukin-6
(IL-6), reactive oxygen species (ROS), and nitric oxide (NO); and showed significant
immunomodulatory effects.

These results suggest that the anti-inflammatory effects of polysaccharides in mangosteen
peel may be achieved through the regulation of inflammatory cytokines and antioxidant
effects.

Plant polysaccharides have become popular research topics in functional chemistry
and modern medicine (Lu ef al., 2021). Further, polysaccharides from Lentinula edodes
have immunomodulatory properties (Roszczyk et al., 2022), whereas those from Ginseng
polysaccharides alter the gut microbiota, potentiating the antitumor effect of anti-
programmed cell death 1/programmed cell death ligand 1 immunotherapy (Huang
etal., 2022). The development and utilization of plant polysaccharides show great
potential in the development of functional foods and medicine (Tamang et al., 2022).
Currently, research on mangosteen polysaccharides is limited, and there have only been
studies on their extraction, preliminary separation, identification, and basic functions
(Chitchumroonchokchai et al., 2013; Wathoni et al., 2019; Zou et al., 2021). In the future,
research should elucidate the in vivo and in vitro pharmacological effects of these
polysaccharides and their mechanisms. It is expected that mangosteen series products
can exert superior health effects in comparison to other foods and medical products.
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Figure 2 The mechanism of the anti-inflammatory, antioxidant, and anti-diabetes properties of man-
gosteen. Mangosteen could exert anti-inflammatory activity via downregulating the expression of pro-
inflammatory cytokines and transcription factors NF- k B/TGF-B1. (A) Reduction in TNF-«, IL-6, and
CRP and a decrease in mRNA levels could restore the expression of these genes to normal levels. Mangos-
teen could exert anti-hyperglycemia activity against diabetes by inhibiting o-amylase/ «-glucosidase, pro-
moting glucose intake, and reducing sugar digestion. Mangosteen could exert antioxidant activity by re-
ducing lipid peroxidation, eliminating DPPH free radical, and inhibiting the activities of S-secretase and
acetylcholinesterase.CRP, C-reactive protein; IL-6, interleukin-6; NF- « (B), nuclear factor « -B; TGF-BI,
transforming growth factor-B1; TNF- «, tumor necrosis factor- «.

Full-size & DOI: 10.7717/peerj.15329/fig-2

Xanthone
Xanthone is the most prevalent phytochemical component in mangosteen and may
contribute to its high quality (Ryu et al., 2010). The most representative xanthone isolated
from mangosteen peel is @-MG, which has a wide range of biological activities and
pharmacological effects. The pharmacological effects of @-MG include antioxidant,
anticancer, anti-obesity, antibacterial, and antimalarial properties, in addition to
neuroprotective, liver-protective, and heart-protective properties in Alzheimer’s disease
(AD) (Abate et al., 2022; Eisvand et al., 2022; Labban et al., 2021; Meepagala ¢ Schrader,
2018; Oh et al., 2021; Wang et al., 2021; Zhu et al., 2021). Because of their poor water
solubility, «-MG preparations typically require a high concentration of a solubilizer,
limiting their use in certain clinical applications. Therefore, a new, local, «-MG-
containing nano-emulsion with an optimal oil phase and surfactant content has been
developed. «-MG can be loaded into the nano-emulsion without significant changes to its
chemical and physical properties, and its maximum concentration was found to be 0.2%
(w/w) (Asasutjarit et al., 2019). Although «-MG has a variety of biological activities, the
requirements for the effective use of «-MG remain unclear, and further research is needed.
y-Mangostin (y-MG) is another important xanthone, with hydroxyl groups isolated
from mangosteen peel through a microwave-assisted extraction and high-speed, counter-
current chromatography (Fang et al., 2011). It has anti-cancer, anti-hyperglycemic, and
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anti-malarial effects. y -MG provides prolonged free compound exposure and subsequently
has high in vivo activities. Other components could influence the metabolism of y-MG
by inhibiting the initial combination and increasing the content of free y -MG. Only free
y-MG has beneficial biological activities (Li et al., 2013). These findings suggest that food
supplements prepared from mangosteen extract are superior to pure compound products.
However, further investigations are required to directly compare the in vivo activities of
pure compounds and extracts in order to draw a final conclusion.

Procyanidin

Procyanidin is a phenolic compound consisting of epicatechin and catechin (Zheng

et al., 2021). The properties of procyanidins, which are water-soluble compounds in
mangosteen peel, include anti-inflammatory and antibacterial effects (Oh et al., 2021).
The main polyphenols of mangosteen peel are epicatechin and proanthocyanidin B2
(Wang, Chen ¢» Wang, 2017). Epicatechin is a flavanol compound with a molecular
formula of C;5H;40. It has free radical-scavenging, antioxidant, and skin-protective
properties (Ngawhirunpat et al., 2010). Proanthocyanidin B2 is an epicatechin dimer with
antioxidant, anti-inflammatory, and anti-carcinogenic activities (Liu ef al., 2020; Zuriarrain
et al., 2015). Uniquely, proanthocyanidin B2 also has a lipopolysaccharide (LPS)-binding
capacity, which enables its accurate identification (Zheng et al., 2021).

Benzophenones

Benzophenone synthase (BPS) belongs to the type III polyketide synthase superfamily,
and it is an essential enzyme in the biosynthesis of xanthone (Songsiriritthigul et al., 2020).
It also catalyzes the biosynthesis of benzophenone (Nualkaew et al., 2012). Therefore,
benzophenones are common bioactivators in mangosteen. Many benzophenones with
polyisoprenylated benzophenone skeletons, which could be extracted from the Garcinaceae
family, have been reported (Choodej et al., 2022). Benzophenones have antioxidant,
anti-inflammatory, anti-cancer, cytotoxic, and anti-bacterial activities. Benzophenones
exhibit a great structural diversity, having more than 3,000 members. Among of them,
2,37,4,6-tetrahydroxybenzophenone, 3,4,5,3/-tetrahydroxybenzophenone, 2,4,6,37,5/-
pentahydroxybenzophenone, 1,3,6,7-tetrahydroxyxanthone, 2,3/,4,4/-tetrahydroxy-6-
methoxybenzophenone, congestiflorone, 2,37,4,5/-tetrahydroxy-6-methoxybenzophenone,
mangaphenone, and benthamianone have been extracted from mangosteen (Jiang et al.,
2010; See et al., 2021).

Phenolic acid

Zadernowski, Czaplicki ¢» Naczk (2009) identified 10 phenolic acids from a mangosteen
fruit extract. Phenolic acids, which are aromatic secondary plant metabolites, account for
about one-third of the total phenol content in mangosteen fruits. They are widely found
in plants in the free and bound forms (Robbins, 2003). Bound phenolics could bind to

a variety of plant components through acetal, ester, or ether bonds (Chalas et al., 2001).
In mangosteen, the major phenolic acids in the aril, peel, and rind are p-hydroxybenzoic
acid and protocatechuic acid. m-Hydroxybenzoic acid was only found in the peel, while
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3,4-dihydroxymandelic was only present in the rind. Phenolic acids have antimicrobial and
antioxidant properties, and they bind specifically to human serum albumin (Table 1).

PHARMACOLOGY

Antioxidant properties

The incidence of degenerative diseases can be reduced via the incorporation of fruits and
vegetables in the diet (Abate et al., 2022; Zhang et al., 2020a; Zhang et al., 2020b). Various
antioxidants found in fruits and vegetables, such as tea polyphenols and vitamin E, are
regarded as their key active compounds (Chandran ¢ Abrahamse, 2020; Petruk et al.,
2018; Urquiaga ¢ Leighton, 2000). Antioxidants are known to mitigate harmful oxidative
reactions. Many studies have shown that lipids, proteins, and nucleic acids undergo
oxidative damage caused by free radicals (Di Meo ¢ Venditti, 2020; Pisoschi ¢~ Pop, 2015).
Oxidative stress induces lipid peroxidation, which is the key process of many pathological
events (Guéraud et al., 2010). Malondialdehyde (MDA), the decomposition product of
unsaturated lipid oxidation, destroys membrane lipids and is known to have mutagenic
and carcinogenic effects (Ayala, Mufioz & Argiielles, 2014). Antioxidants are very important
in preventing these diseases, as the production of oxidizable substrates could be inhibited
or delayed by the activity of antioxidant compounds.

Tjahjani (2017) found that various mangosteen rind (GMR) fractions had a high
1,1-diphenyl-2-picrylhydrazyl (DPPH) capture activity, indicating mangosteen’s good
antioxidant activity. Hassan et al. (2021) found that GMR could significantly reduce the
redox imbalance and toxicity of liver tissue caused by a long-term y -ray irradiation. It
also improved the function, MDA content, antioxidant enzyme activity, and NO level
of damaged liver. Oh et al. (2021) demonstrated that an aqueous extract of mangosteen
peel powder reduced lipid peroxidation and eliminated DPPH free radicals in cultures
of primary rat cortical cells, confirming its antioxidant properties. The extract also
inhibited the activities of B-secretase and acetylcholinesterase, leading to antioxidant
and neuroprotective effects. Antioxidants are very important in preventing these diseases,
as the production of oxidizable substrates could be inhibited or delayed by the activity of
antioxidant compounds (Chang et al., 2020).

Anti-inflammatory properties

Inflammation is a natural defense response of an organism to a stimulation involving
pathogens, toxic agents, or a tissue injury. Many inflammatory cells and mediators
participate in inflammatory responses. In most cases, the inflammatory response plays
an advantageous role for organisms, but sometimes it leads to cellular damage. Many
vegetables and fruits, including mangosteen, have anti-inflammatory effects (Li et al., 2018;
Tatiya-aphiradee, Chatuphonprasert ¢ Jarukamjorn, 2021). Park et al. (2021) showed that
mangosteen pericarp extract (GME) decreased mRNA levels, restored the expression

of genes to normal levels, and downregulated the expression of pro-inflammatory
cytokines. These changes supported the therapeutic action of GME on an MRSA-induced
superficial skin infection in mice. Hassan et al. (2021) found that GMR significantly
reduced inflammatory markers, such as TNF- «, IL-6, and C reactive protein (CRP), and
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Table 1 The chemical constituents and function of mangosteen.

Bioactive Compounds

Function

Reference

. GMP70-1 Promote the phagocytosis of neutral red by macrophages and the Zhang et al. (2020b)
Polysaccharide GMP90-1 secretion of NO, ROS, tumor necrosis factor- «,IL-6 and IL-1 8, Zhang et al. (2020a)
and have significant immunomodulatory effects )
o-MG Anticancer, antioxidant, antibacterial, antimalarial and anti- Ryu et al. (2010)
obesity activities, as well as neuroprotective, liver protective and
heart protective properties in Alzheimer’s disease (AD)
Xanthrone . . . . .
y-MG Anticancer, anti-hyperglycemia, antimalarial effects
p i Epicatechin Antioxidant, free-radical scavenging, and skin protective activity Yoshimura et al. (2015)
rocyanidin
Proanthocyanidin B2 Antioxidant activity, anti-inflammatory efficacy and anti-
carcinogenic properties
2,3,4,6-
tetrahydroxybenzophenone
3,4,5,3-
tetrahydroxybenzophenone
2,4,6,3,5'-
pentahydroxybenzophenone
1,3,6,7-tetrahydroxyxanthone
2,3/, 4, 4'-tetrahydroxy-6-
methoxybenzophenone Cytotoxicity, antioxidant activity, anti- Choodej et al. (2022)
Benzophenones 2,3, 4, 5'-tetrahydroxy-6- 1nf;11amn.1;tory .acltwlty,.anncancer activity, b‘ee’et al. I( 202201 1)0
methozybenzophenone and antibacterial activity Jiang et al. (. )
Congestiflorone
Mangaphenone
Benthamianone

Protocatechuic acid

P-hydroxybenzoic acid

Phenolic acid yEToRyDen 01c‘ o .
M-Hydroxybenzoic acid

3,4-dihydroxymandelic

Antioxidant activity

Zadernowski, Czaplicki &
Naczk (2009)
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downregulated the transcription factors NF- «B/TGF-BI in liver tissue after long-term
y-ray irradiation. At the same time, GME has also shown good therapeutic effects on
gingivitis and early periodontitis. Moreover, an oral mangosteen and propolis extracted
complex has the clinical and immunological potential to reduce gingivitis (Zhang et al.,
2022). These are important examples of the anti-inflammatory effects of mangosteen, and
further studies should explore the specific bioactive compounds and mechanisms involved

(Fig. 2).

Anti-tumor properties

Cancer is a great threat to human health and life. Currently, chemical therapy is still one of
the most important cancer treatment methods. Molecules of unmodified natural products,
their semi-synthetic derivatives, or synthetic biosimilars account for about 50% of the
more than 200 new chemical entities approved for anti-cancer use in the past 50 years
(Butler, Robertson ¢ Cooper, 2014; Newman ¢ Cragg, 2016). Several natural, plant-derived
products have demonstrated good anti-tumor properties (Zou et al., 2021). According to
current studies, mangosteen and its bioactivators have potential applications in cancer
therapy (Agarwal et al., 2020; Taokaew et al., 2021).

Zhu et al. (2021) found that the migration and invasion of breast cancer cells was
inhibited by «-MG due to the cleavage of poly ADP-ribose polymerase (PARP) and
apoptosis via the PI3K/protein kinase B (AKT) signaling pathway targeting RXR «. In
addition, the proliferation of multiple breast cancer cells was inhibited by a-MG via a
reduction in cancer compounds (Herdiana et al., 2021). Fatty acid synthase (FAS) is a
target of breast cancer treatment due to its overexpression in human breast cancer cells. L1,
Tian ¢ Ma (2014) demonstrated that «-MG decreased the accumulation of intracellular
fatty acids via the inhibition of the intracellular activity and expression of FAS.

a-MG has also exhibited anti-cancer and anti-proliferative properties in various digestive
cancers, such as advanced hepatocellular carcinoma (HCC) and colorectal cancer (CRC)
(Chitchumroonchokchai et al., 2013). Wang et al. (2021) found that the combination of
@-MG and sorafenib could inhibit the proliferation of HCC cells and induce apoptosis.
Moreover, the authors demonstrated the safety and effectiveness of this combined therapy in
a mouse model. Mohamed et al. (2017) extracted 14 new mangosteen peel compounds and
found that carnation flavone E showed considerable anti-proliferative effects/cytotoxicity,
which induced a significant cell cycle stagnation in the GO/G1 phase. Ultimately, it
demonstrated a cytotoxic effect, leading to the necrosis and apoptosis of human CRC and
HCC cells. However, mangostanone IV (MX-IV) only induced necrosis and apoptosis in
CRC cells. Further, Wu et al. showed that y-MG downregulated GSK3 B-related signals. In
addition, it overcame 5-fluorouracil-induced resistance in cancer-related fibroblasts and
hindered the production of cancer stem cells in CRC (Wu et al., 2022).

The potential of mangosteen-derived compounds as emerging cancer therapies is
worthy of further study. Bioactive substances isolated from mangosteen fruits have shown
their effectiveness as natural cytotoxic agents against certain cancers (Akao, Nakagawa ¢
Nozawa, 2008; Li et al., 2017). These studies provide important scientific evidence for the
potential application of mangosteen in cancer treatment. In fact, compared with Cancer
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medicines available in the present-day pharmaceutical industries such as Methotrexate,
Fluorouracil and Alkeran, potential natural candidates with anti-cancer properties
(flavonoids, ganoderma lucidum polysaccharide, lentinus edodes polysaccharide, etc.) have
fewer adverse reactions, and originated from natural food or Chinese herbal medicine,
which are easy to obtain, economic, easy to be accepted by patients (Uddin et al., 2020;
Man et al., 2012).

Diabetes prevention and treatment

Diabetes mellitus (DM) is marked by high blood glucose resulting from the body’s
insensitivity to the actions of insulin (Dennery, 2006). Chen et al. (2021) found that y-MG
inhibited a-amylase/ o-glucosidase through insulin sensitization, promoted glucose intake,
and reduced sugar digestion, thus exerting an anti-hyperglycemic activity. Protein tyrosine
phosphatase 1B (PTP1B) is an action site for diabetes medicines. Hu et al. (2021) reported
that garcinone E, a xanthone of mangosteen, effectively inhibited the activity of PTP1B.
Moreover, Watanabe et al. (2018) found that a mangosteen extract significantly improved
the insulin sensitivity of insulin-resistant obese female patients without side effects. In
conclusion, mangosteen has multiple bioactivities toward DM, providing new strategies
for the discovery and development of diabetes drugs. However, the therapeutic effect of
mangosteen on type 1 diabetes has not been thoroughly studied.

Therapy for central nervous system (CNS) diseases

CNS diseases include Parkinson’s disease (PD), AD, depression, stroke, and sleep disorders
(Sharma et al., 2019). The major pathologies of these diseases involve oxidative stress,
neuroinflammation, reduction of neurotrophic factors, and mitochondrial dysfunction (Do
¢ Cho, 2020). Recently, many researchers reported the anti-inflammatory, anti-oxidative,
and neuroprotective effects of mangosteen (Oh et al., 2021; Weecharangsan et al., 2006).
Herein, we summarize its bioactivities and clinical application in these diseases.

Alzheimer’s disease

AD is a progressive neurodegenerative disease that is characterized by hyperphosphory-
lation of the tau protein, inducing the deposition of amyloid and neurofibrillary tangles.
Abdallah et al. discovered that MX-IV reduced oxidative stress, neuroinflammation, and
apoptosis. In addition, through the regulation of the PI3K/Akt/GSK-3 g pathway, the
content of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, activity of
cleaved caspase-3, number of amyloid plaques, and expression of phosphorylated tau
decreased. These changes led to a significant enhancement of neuronal survival and
cognitive abilities (Abdallah et al., 2021). Ruankham et al. reported that «-MG inhibited
the activation of caspase-3/7, reduced the BAX protein, and increased the anti-apoptotic
BCL-2 protein. In turn, these effects inhibited cell death caused by oxidative stress in
neurons. At the same time, «-MG directly binds to the active site of SIRT1, activating
the SIRT1/3-FOXO3a pathway. Thus, it is a promising anti-oxidative stress therapeutic
compound for the treatment of AD (Ruankham et al., 2022). These studies demonstrate the
potential of mangosteen as a functional food for the treatment of neurodegenerative diseases
due to the high application value of its active ingredients. The mechanism implicated in
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mangosteen’s effects on AD and the efficacy of certain bioactive compounds require further
investigation.

Parkinson’s disease

PD is characterized by “Lewy bodies,” and it is the most commonly diagnosed movement
disorder. Moreover, it is the second most prevalent neurodegenerative disease (Raza, Anjum
& Shakeel, 2019). Huang et al. (2020) discovered that tovophyllin A (TA), a flavonoid
extracted from mangosteen, reduced apoptosis in primary cortical neurons in PD. In
an in vivo acute PD model, TA also alleviated behavioral dysfunctions and the loss of
dopaminergic neurons. Therefore, the results illustrate that TA is a strong cytoprotective
factor for dopaminergic neurons in a PD model. The study by Hu e al. (2016) revealed
that «-MG protected a-synuclein-induced microglial cells from direct neurotoxicity
via suppressing NF-kB and NADPH oxidase. Therefore, bioactive substances isolated
from mangosteen fruits have shown powerful neuronal protective effects, making them
therapeutic candidates for PD treatment.

Neurological conditions

Monoamine dysregulation is the primary pathology of depression. Oberholzer et al.
(2018) showed that a raw mangosteen extract, containing «-MG and y-MG, presented
antidepressant-like effects. Ghasemzadeh Rahbardar, Razavi ¢ Hosseinzadeh (2020) also
found o-MG to have therapeutic effects on neuropathic pain caused by a chronic
compression injury due to its antioxidant, anti-inflammatory, and antiapoptotic properties.

Anti-parasitic properties

Parasitic diseases prevail widely around the world, especially in developing countries located
in the subtropical and tropical regions (Momcilovic et al., 2019). In 2000, the World Health
Organization listed 11 parasitic infectious diseases as neglected tropical diseases, as they
threaten the health of millions of people and disproportionately affect the poor. Recent
studies have demonstrated the potential of mangosteen in the prevention and treatment of
parasitic diseases.

Malaria remains an important public health issue worldwide (Brock et al., 2015).
Quinone reductase 2 (QR-2), a cytoplasmic enzyme in human erythrocytes, has been
related to the pathogenesis of malaria and other diseases. Another study reported that
y-MG has a strong inhibitory effect on QR-2. Its interaction with QR-2 includes hydrogen
bonding and aromatic-aromatic interactions. In a study by Tjahjani (2017), GMR exhibited
an antimalarial activity that was similar and synergistic to artemisinin. Upegui et al. (2015)
showed that the activity of «-MG against chloroquine-resistant strains of Plasmodium
falciparum was higher than that of §-MG. In summary, mangosteen extract has a good
antimalarial activity and could be used in the treatment of parasitic diseases.

In humans, Acanthamoeba spp. is the main pathogen implicated in acanthamoeba
keratitis (AK) and granulomatous amoebic encephalitis (Loufouma Mbouaka et al., 2021).
AK is a serious corneal infection that can sometimes lead to blindness if not diagnosed
and treated in a timely manner (de Lacerda ¢ Lira, 2021). In recent years, the number
of patients with AK caused by Acanthamoeba spp. has increased significantly worldwide,
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Figure 3 The molecular mechanisms of mangosteen in the treatment of CNS diseases and cancer. TA
could treat PD through the cytoprotective effect for dopaminergic neurons. «-MG could treat AD by in-
hibiting cell death induced by oxidative stress in neurons. «-MG could treat breast tumors by inhibiting
the expression and intracellular activity of FAS, inhibiting the migration of breast cancer cells, and induc-
ing apoptosis. -MG combined with sorafenib could treat HCC by enhancing cell apoptosis and inhibiting
cell proliferation. y-MG could treat CRC by inhibiting the GSK3 S-related signal pathway and increasing
the level of miR-26b-5p.AD, Alzheimer’s disease; -MG, a-mangostin; CRC, hepatocellular carcinoma;
FAS, fatty acid synthase; y-MG, y -mangostin; GSK3 S, glycogen synthase kinase 3 8 (GSK3 8); HCC,
hepatocellular carcinoma; NO, nitric oxide; PARP, poly ADP-ribose polymerase; PD, Parkinson’s disease;

ROS, reactive oxygen species; TA, tovophyllin A.
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and the infection has been associated to the increase in contact lens users (Sifaoui et al.,

2017). Sangkanu et al. (2022) found that a mangosteen extract and «-MG showed an anti-

Acanthamoeba activity to trypanosome trophozoites and cysts and inhibited the growth

of amoebas (Tatiya-aphiradee, Chatuphonprasert ¢ Jarukamjorn, 2019). Furthermore,

a-MG eliminated the possibility of triangular adhesions from contact lenses. Further,

(Sangkanu et al., 2022) demonstrated that crude mangosteen extracts and «-Mg could be

incorporated into contact lens solutions to effectively eliminate triangular adhesions within

24 h. Thus, mangosteen extracts and «-MG are promising candidates for the treatment of

Acanthamoeba infections (Fig. 3).
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Figure 4 The mechanisms of mangosteen in the treatment of parasitic and other diseases. y-MG
could manage malaria by inhibiting QR-2. MG has synergistic antimalarial activity with artemisinin. MG
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by inhibiting the growth of amoebas and removing triangularis adhesion. «-MG could treat DIC through
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osteoclasts.AK, acanthamoeba keratitis; ®-MG, a-mangostin; DIC, doxorubicin-induced cardiotoxicity; y
-MG, y -mangostin; MAEC, mangosteen and propolis extracts; MG, mangostin; QR-2, quinone reductase
2.
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Additional biological functions

In addition to the properties discussed above, mangosteen has an immunological activity,
cardiovascular protective effects, and therapeutic effects in the treatment of gingivitis and
early periodontitis. «-MG has been shown to improve the cardiotoxicity of doxorubicin
in chemotherapy without decreasing its anticancer effect (Eisvand et al., 2022). Also,
researchers found that «-MG can inhibit the formation of osteoclasts (Zhang et al., 2022).
In summary, mangosteen is a valuable functional food with the potential to treat many
systemic diseases. Thus, the extraction and effective utilization of the bioactive components
from mangosteen peel need further investigation (Fig. 4; Table 2).

TOXICOLOGY

Mangosteen contains a high proportion of polyphenols, polysaccharides, and other active
substances. As a result, its antioxidant and probiotic properties, as well as its role in
immunomodulation and hypoglycemic maintenance, have been widely investigated

by researchers all over the world (Kudiganti et al., 2016). The mangosteen fruit has a
high nutritional value, and its safety and health effects have been studied extensively
(Haruenkit et al., 2007; John et al., 2020). Mangosteen is non-toxic, non-teratogenic, and
non-mutagenic. Mangosteen has no acute or subacute toxicity, as confirmed in a rat model.
Further, researchers have determined 5,000 mg/kg as the maximum single oral dose of
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Table 2 The preventive and therapeutic effects of mangosteen in various diseases.

Function

Study Design

Subject

Outcome

Conclusion

Ref.

Antioxidant property

In vitro

Invivo

In vitro

Invivo

GMR, hexane,ethyl ac-
etate, butanol,water
fraction

GMR

MPW

MCD

The SOD level in GMR
water fraction and TAS
level in GMR ethyl acetate
fraction were the highest

Reduce the redox imbal-
ance and toxicity of liver
tissue caused by long-term
v -ray irradiation, and im-
prove the liver function,
MDA content, antioxidant
enzyme activity and NO
level of damaged liver

Reduce lipid peroxidation
and eliminated DPPH free
radical,and inhibit the ac-
tivities of B-secretase and
acetylcholinesterase

Increase the activities of
glutathione peroxidase and
catalase, reduce the oxida-
tive stress in muscles, and
increase the clearance rate
of lactic acid

High DPPH capture ac-
tivity

Protective effect from
irradiation-induced

injury

Antioxidant and neuro-
protective effects

Reduce muscle fatigue
after exercise

Tjahjani et al. (2014)

Hassan et al. (2021)

Oh et al. (2021)

Chang et al. (2020)

Anti-inflammatory
properties

Invivo

Invivo

In clinical

GME

GMR

MAEC

Decrease mRNA level,
restored the expression

of these genes to normal
level and down-regulated
the expression of pro-
inflammatory cytokines
Reduce inflammatory
markers (TNF- a, IL-6 and
CRP) and down-regulate
transcription factors NF-
kB/TGF-BI in liver tissue
after long-term vy-ray irra-
diation

Reduce crevicular IL-6, in-
crease the salivary MMP-
9, and reduce gingival in-
flammation

Antibacterial, anti-
inflammatory, and
wound healing effects

Protective effect from
irradiation-induced
injury

A potential to reduce
gingival inflammation
in the patients with gin-
givitis and incipient pe-
riodontitis

Tatiya-aphiradee,
Chatuphonprasert
& Jarukamjorn (2019)

Hassan et al. (2021)

Park et al. (2021)

(continued on next page)
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Function Study Design Subject Outcome Conclusion Ref.
Antitumor Anti-breast tu-  In vivo a-MG Trigger PARP cleavage and  Inhibition effects of in- ~ Zhu et al. (2021)
property mor induce apoptosis through vasion and metastasis of
PI3K/AKT signaling path- ~ MDA-MB-231 cells
way targeting RXR a, and
inhibits the migration and
invasion of breast cancer
cells
a-MG Reduce the production of Inhibit the proliferation  Herdiana et al. (2021)
cancerous compounds and apoptosis of multi-
ple breast cancer cells
In vitro a-MG Inhibit the expression and Induce breast cancer Li, Tian & Ma (2014)
intracellular activity of cell apoptosis by in-
FAS, decrease the intra- hibiting FAS
cellular fatty acid accu-
mulation, reduce cell vi-
ability, induce apoptosis
of human breast cancer
cells, increase the level of
PARP cleavage products,
and weaken the balance
between anti-apoptosis
and pro-apoptosis proteins
of Bcl-2 family
Anti-digestive In vitro+in vivo oa-MG Reduce tumor size Enhance the inhibition Wang et al. (2021)

tumor

In vitro

In clinical+ In vivo +

In vitro

Carnation flavone E

Mangosteen IV

a-MG

v-MG

Induce a significant cell
cycle stagnation in G0/G1
phase, induce apoptosis
and necrosis in colorectal
adenocarcinoma and hu-
man hepatocellular carci-
noma cells

Induce necrosis and apop-
tosis in HCT116 cells

Induce apoptosis and
necrosis of HepG2 cells,
and moderate necrosis of
HCT116 cells

Inhibite GSK3 (-related
signal pathway, and in-
crease the level of miR-
26b-5p

of sorafenib on the cell
proliferation in HCC
cell line

Anti-

proliferation/cytotoxicity,

induce cell killing effect

Cytotoxic property

Overcome the 5- fluo-
rouracil resistance in-
duced by CAFs and the
production of CSCs

Mohamed et al. (2017)

Wu et al. (2022)

(continued on next page)

rIead



https://peerj.com
http://dx.doi.org/10.7717/peerj.15329

6cesL1ead/LL22°01 10Q ‘ri99d ‘(€202) 'le 19 19

62/91

o EEase RS as e B «

Diabetes prevention In vivo
and treatment

Invivo

In clinical

Xanthones

Mangosteen extract

Inhibit a-amylase/ o-
glucosidase through in-
sulin sensitization, pro-
mote glucose intake and
reduce sugar digestion
Garcinone E was found
to be the most effective
PTP1B inhibitor

Improve the insulin sensi-
tivity

Anti-hyperglycemia ac-
tivity

PTP1B-inhibitory activ-
ity

Have a possible sup-
plementary role in the
treatment of obesity, in-
sulin resistance, and in-
flammation

Chen et al. (2021)

Hu et al. (2021)

Watanabe et al. (2018)

Neurological AD In vivo
system
therapy
In vitro
PD In vitro+in vivo
In vitro
Depression In vivo

MX-IV

a-MG

TA

a-MG

GME

Reduce the oxidative
stress, neuroinflammation
and apoptosis via decrease
the brain contents of
MDA, H202, TNF- o and
1L-6 and increase the GSH,
and through the regulation
of PI3K/Akt/GSK-3 3
pathway, decrease the
content of NADPH
oxidase and the activity of
cleaved caspase-3, decrease
the number of amyloid
plaques and the expression
of phosphorylated tau,
enhance the neuron
survival and cognitive
ability

Inhibite the cell death in-
duced by oxidative stress
in neurons by reducing
BAX protein, caspase-3/7
activation and increas-

ing anti-apoptotic BCL-2
protein, bind to the active
site of SIRT1, and activate
SIRT1/3-FOXO3a pathway

Reduce apoptotic cell
death in primary cortical
neurons, attenuate the be-
havioral dysfunctions and
dopaminergic neuron loss

Inhibite NF-kB and
NADPH oxidase

Reverse hippocampal lipid
peroxidation

Neuroprotective effects

Potentially use as

a promising anti-
oxidative stress
therapeutic compound
to treat AD.

Cytoprotective effect to
dopaminergic neurons

Protactive effect to neu-
rotoxicity.
Antidepressant-like ef-
fects.

Abdallah et al. (2021)

Ramage et al. (2004)

Huang et al. (2020)

Hu et al. (2016)

Oberholzer et al. (2018)
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Function Study Design Subject Outcome Conclusion Ref.
Antiparasitic Antimalarial In vivo v-MG InteractE with QR-2 in- Inhibit QR-2 Liang et al. (2020)
properties properties cludes hydrogen bond and
aromatic-aromatic interac-
tion
In vitro GME IC50 range from 0.41 to Antimalarial activity Tjahjani (2017)
>100 pug/mL and synergistic anti-
malarial activity with
artemisinin
In vitro oa-MG Have more active against Antimalarial effect Upegui et al. (2015)
the resistant Plasmod-
ium FCR3 strain than 6-
mangostin
Anti- In vitro Mangosteen extract Inhibite the growth of Anti-Acanthamoeba ac-  Sangkanu et al. (2021)
Acanthamoeba and a-MG Amoeba tivity
properties
In vitro Extract and pure Remove A. triangularis Anti-Acanthamoeba ac-  Sangkanu et al. (2022)
compounds from trophozoites within 24 h tivity
mangosteen
Other functions In vivo a-MG Alleviate behavioral alter- Therapeutic effect Ghasemzadeh Rahbar-
ations, increase the levels on neuropathic pain dar, Razavi & Hossein-
of all inflammatory mark-  caused by chronic zadeh (2020)
ers, Bax, and caspase-3 compression injury
In vivo a-MG Ameliorate doxorubicin Protective effects on Eisvand et al. (2022)
cardiotoxicity in human doxorubicin-induced
chemotherapy without re-  cardiotoxicity
duction in its anticancer
effect
In vitro+in vivo a-MG Inhibit the formation of May be a potential Zhang et al. (2022)

osteoclasts

choice for the treatment
of osteoclast-related dis-
eases

Notes.

AD, Alzheimer’s disease; CAFs, Cancer-related fibroblasts; CRP, C-reactive protein; CSCs, Cancer stem cell-like cells; DPPH, 1,1-diphenyl-2-picrylhydrazyl; FAS, Fatty acid synthase; FCR3, Fal-
ciparum chloroquine-resistant; FOXO3a, Forkhead box protein O3a; GME, Garcinia mangostana Linn. Pericarp extract; GMR, Garcinia mangostana L rind; GSH, Glutathione; GSK3 8, Glycogen
synthase kinase 3 8; HCC, Hepatocellular carcinoma; H,O,, Hydrogen peroxide; IC50, Inhibitory concentration; IL-6, Interleukin-6; MAEC, Mangosteen and propolis extracts; MCD, Mangosteen
concentrate drink; MDA, Malonaldehyde; MMP-9, Matrix metalloproteinase-9; MPW, Mangosteen peel powder; MX-IV, Mangostanone IV; NADPH, Nicotinamide adenine dinucleotide phos-
phate; NF- «B, Nuclear factor «-B; NO, Nitric oxide; PARP, Poly ADP-ribose polymerase; PD, Parkinson’s disease; PI3K, Phosphatidylinositol 3 kinase; PKB, Protein kinase B; PTP1B, Protein ty-
rosine phosphatase 1B; QR-2, Quinone reductase 2; RXR «, Retinoid x receptor «; SIRT1, Sirtuin 1; SOD, Suberoxide dismutase; TA, Tovophyllin A; TAS, Total antioxidant; TGF-B1, Transform-
ing growth factor-B1; TNF- o, Tumor necrosis factor- a.
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mangosteen extract, while that of «-MG is 2,000 mg/kg (Bunyong et al., 2014). Towatana et
al. found that the direct bilirubin dose-variation increased in rats treated with a mangosteen
extract administered via an oral gavage without inducing pathological changes. However,
several studies demonstrated that increasing doses of mangosteen could induce mortality.
The half-lethal dose of a mangosteen extract and «-MG administered via intraperitoneal
injections was 231 mg/kg and 150 mg/kg, respectively (Choi et al., 2014). Another study
showed that «-MG is potentially teratogenic to zebrafish embryos, as an increased mortality
rate, cardiac dysfunction, disruption of embryonic ROS balance, and erythropoiesis were
observed (Kittipaspallop et al., 2018). In addition, «-MG-induced intestinal dysbiosis with
colitis was also found by some researchers (Gutierrez-Orozco et al., 2014).

Although the safety of mangosteen has been demonstrated in animals, it has not yet been
proven in humans. A clinical trial of a mangosteen-based formula resulted in no negative
effects on the human liver (Xie et al., 2015). Suthammarak et al. (2016) reported that the
oral administration of a polar fraction of a mangosteen pericarp extract had no serious
negative consequences. In the treatment of neurological diseases, mangosteen showed no
side effects and toxicity. There were statistically important differences in total cholesterol
and low-density lipoprotein, but the mean differences from baseline were not significant
(Muangpaisan et al., 2022; Turner et al., 2021).

CONCLUSION

Mangosteen, a functional food belonging to the Garcinaceae family, has numerous
pharmacological effects, including anti-oxidative, anti-inflammatory, and anti-cancer
properties as well as protective effects against neurological diseases, diabetes, and
cardiovascular disease. This review comprehensively summarized the traditional
applications, botanical and chemical compositions, and pharmacological effects and
applications of mangosteen. Further, it revealed the mechanism of mangosteen’s actions
in health and disease, providing a theoretical basis for its future clinical use, for example,
the development of mangosteen series of food or health products used to prevent and
treat various diseases. Moreover, unexplored areas still exist, and the next phase of
pharmacological application trials of mangosteen should be a main focus of research
in the near future.

ACKNOWLEDGEMENTS

We thank LetPub for linguistic assistance during the preparation of this manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was funded by Zhejiang Provincial First Courses of Medical Biochemistry (No.
20220646) and Yue Di Element General Curriculum Project of Shaoxing Higher Education
Institutions (No. 20225306). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 18/29


https://peerj.com
http://dx.doi.org/10.7717/peerj.15329

Peer

Grant Disclosures

The following grant information was disclosed by the authors:

Zhejiang Provincial First Courses of Medical Biochemistry: 20220646.

Yue Di Element General Curriculum Project of Shaoxing Higher Education Institutions:
20225306.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Chenchen Bi conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

e Hang Xu conceived and designed the experiments, performed the experiments, analyzed
the data, authored or reviewed drafts of the article, and approved the final draft.

e Jingru Yu performed the experiments, analyzed the data, prepared figures and/or tables,
and approved the final draft.

e Zhinan Ding performed the experiments, analyzed the data, authored or reviewed drafts
of the article, and approved the final draft.

e Zheng Liu performed the experiments, analyzed the data, authored or reviewed drafts
of the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
This is a literature review.

REFERENCES

Abate M, Pagano C, Masullo M, Citro M, Pisanti S, Piacente S, Bifulco M. 2022.
Mangostanin, a xanthone derived from garcinia mangostana fruit, exerts protective
and reparative effects on oxidative damage in human keratinocytes. Pharmaceuticals
15:84-99 DOI 10.3390/ph15010084.

Abdallah HM, El Sayed NS, Sirwi A, Ibrahim SRM, Mohamed GA, Abdel Rasheed
NO. 2021. Mangostanaxanthone IV ameliorates streptozotocin-induced neuro-
inflammation, amyloid deposition, and tau hyperphosphorylation via modulating
PI3K/Akt/GSK-3 B pathway. Biology 10:1298—-1313 DOI 10.3390/biology10121298,

Agarwal G, Carcache PJB, Addo EM, Kinghorn AD. 2020. Current status and con-
temporary approaches to the discovery of antitumor agents from higher plants.
Biotechnology Advances 38:107337-107363 DOI 10.1016/j.biotechadv.2019.01.004.

Aizat WM, Jamil IN, Ahmad-Hashim FH, Noor NM. 2019. Recent updates on metabo-
lite composition and medicinal benefits of mangosteen plant. Peer] 7:e6324-e6348
DOI10.7717/peer;j.6324.

Akao Y, Nakagawa Y, Nozawa Y. 2008. Anti-cancer effects of xanthones from peri-
carps of mangosteen. International Journal of Molecular Sciences 9:355-370
DOI 10.3390/ijms9030355.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 19/29


https://peerj.com
http://dx.doi.org/10.3390/ph15010084
http://dx.doi.org/10.3390/biology10121298
http://dx.doi.org/10.1016/j.biotechadv.2019.01.004
http://dx.doi.org/10.7717/peerj.6324
http://dx.doi.org/10.3390/ijms9030355
http://dx.doi.org/10.7717/peerj.15329

Peer

Arif NMA, Amagq F, Suhailah H, Raden JKS, Bilqis I, Dwi W, Saikhu AH. 2020. A review
on medicinal properties of mangosteen (Garcinia mangostana L). Research Journal of
Pharmacy and Technology 13:974-982 DOI 10.5958/0974-360X.2020.00182.1.

Asasutjarit R, Meesomboon T, Adulheem P, Kittiwisut S, Sookdee P, Samosornsuk
W, Fuongfuchat A. 2019. Physicochemical properties of alpha-mangostin loaded
nanomeulsions prepared by ultrasonication technique. Heliyon 5:e2465-e2475
DOI 10.1016/j.heliyon.2019.e02465.

Ayala A, Muiioz MF, Argiielles S. 2014. Lipid peroxidation: production, metabolism,
and signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal. Oxidative
Medicine and Cellular Longevity 2014:1-31 DOI 10.1155/2014/360438.

Brock MF, Miranda AE, B6tto-Menezes C, Leao JR, Martinez-Espinosa FE.

2015. Ultrasound findings in pregnant women with uncomplicated vivax
malaria in the Brazilian Amazon: a cohort study. Malaria Journal 14:144—154
DOI 10.1186/s12936-015-0627-1.

Bunyong R, Chaijaroenkul W, Plengsuriyakarn T, Na-Bangchang K. 2014. Antimalarial
activity and toxicity of Garcinia mangostana Linn. Asian Pacific Journal of Tropical
Medicine 7:693—698 DOI 10.1016/51995-7645(14)60118-8.

Butler MS, Robertson AA, Cooper MA. 2014. Natural product and natural prod-
uct derived drugs in clinical trials. Natural Product Reports 31:1612-1661
DOI 10.1039/c4np00064a.

Chalas J, Claise C, Edeas M, Messaoudi C, Vergnes L, Abella A, Lindenbaum A. 2001.
Effect of ethyl esterification of phenolic acids on low-density lipoprotein oxidation.
Biomedicine & Pharmacotherapy 55:54—60 DOI 10.1016/S0753-3322(00)00011-1.

Chandran R, Abrahamse H. 2020. Identifying plant-based natural medicine against
oxidative stress and neurodegenerative disorders. Oxidative Medicine and Cellular
Longevity 2020:1-9 DOI 10.1155/2020/8648742.

Chang C, Chen C, Owaga E, Lee W, Liu T, Hsieh R. 2020. Mangosteen concentrate drink
supplementation promotes antioxidant status and lactate clearance in rats after
exercise. Nutrients 12:1447-1456 DOI 10.3390/nu12051447.

Chen S, Lin S, Chen T, Ng H, Yim H, Leong MK, Weng C. 2021. Mangosteen xanthone
y -mangostin exerts lowering blood glucose effect with potentiating insulin sensi-
tivity through the mediation of AMPK/PPAR y. Biomedicine ¢ Pharmacotherapy
144:112333-112341 DOI 10.1016/j.biopha.2021.112333.

Chen Z, Zhao Y, Zhang M, Yang X, Yue P, Tang D, Wei X. 2020. Structural character-
ization and antioxidant activity of a new polysaccharide from Bletilla striata fibrous
roots. Carbohydrate Polymers 227:115362—-115369 DOI 10.1016/j.carbpol.2019.115362.

Chitchumroonchokchai C, Thomas-Ahner JM, Li J, Riedl KM, Nontakham J, Suksum-
rarn S, Clinton SK, Kinghorn AD, Failla ML. 2013. Anti-tumorigenicity of dietary
a-mangostin in an HT-29 colon cell xenograft model and the tissue distribution
of xanthones and their phase II metabolites. Molecular Nutrition ¢ Food Research
57:203-211 DOI 10.1002/mnfr.201200539.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 20/29


https://peerj.com
http://dx.doi.org/10.5958/0974-360X.2020.00182.1
http://dx.doi.org/10.1016/j.heliyon.2019.e02465
http://dx.doi.org/10.1155/2014/360438
http://dx.doi.org/10.1186/s12936-015-0627-1
http://dx.doi.org/10.1016/S1995-7645(14)60118-8
http://dx.doi.org/10.1039/c4np00064a
http://dx.doi.org/10.1016/S0753-3322(00)00011-1
http://dx.doi.org/10.1155/2020/8648742
http://dx.doi.org/10.3390/nu12051447
http://dx.doi.org/10.1016/j.biopha.2021.112333
http://dx.doi.org/10.1016/j.carbpol.2019.115362
http://dx.doi.org/10.1002/mnfr.201200539
http://dx.doi.org/10.7717/peerj.15329

Peer

Choi YH, Han SY, Kim Y, Kim Y, Chin Y. 2014. Absorption, tissue distribution, tissue
metabolism and safety of @-mangostin in mangosteen extract using mouse models.
Food and Chemical Toxicology 66:140-146 DOI 10.1016/j.fct.2014.01.028.

Choodej S, Koopklang K, Raksat A, Chuaypen N, Pudhom K. 2022. Bioactive xan-
thones, benzophenones and biphenyls from mangosteen root with potential anti-
migration against hepatocellular carcinoma cells. Scientific Reports 12:8605-8615
DOI 10.1038/541598-022-12507-8.

de Lacerda AG, Lira M. 2021. Acanthamoeba keratitis: a review of biology, patho-
physiology and epidemiology. Ophthalmic and Physiological Optics 41:116—135
DOI 10.1111/0p0.12752.

Dennery PA. 2006. Introduction to serial review on the role of oxidative stress in diabetes
mellitus. Free Radical Biology and Medicine 40:1-2
DOI 10.1016/j.freeradbiomed.2005.09.003.

Di Meo S, Venditti P. 2020. Evolution of the knowledge of free radicals and other
oxidants. Oxidative Medicine and Cellular Longevity 2020:1-32
DOI 10.1155/2020/9829176.

Do H, ChoJ. 2020. Mangosteen pericarp and its bioactive xanthones: potential ther-
apeutic value in Alzheimer’s disease, parkinson’s disease, and depression with
pharmacokinetic and safety profiles. International Journal of Molecular Sciences
21:6211-6234 DOI 10.3390/1jms21176211.

Eisvand F, Imenshahidi M, Ghasemzadeh Rahbardar M, Tabatabaei Yazdi SA,
Rameshrad M, Razavi BM, Hosseinzadeh H. 2022. Cardioprotective effects of
alphacmangostin on doxorubicin-induced cardiotoxicity in rats. Phytotherapy
Research 36:506-524 DOI 10.1002/ptr.7356.

Espirito Santo B, Santana LF, Kato Junior WH, de Araujo FO, Bogo D, Freitas KC,
Guimaraes R, Hiane PA, Pott A, Filia W, Arakaki Asato M, Figueiredo PO, Bastos
P. 2020. Garcinia medicinal potential of species and their compounds. Molecules
25:4513-4542 DOI 10.3390/molecules25194513.

Eukun Sage E, Jailani N, Md. Taib AZ, Mohd Noor N, Mohd Said MI, Abu Bakar M,
Mackeen MM. 2018. From the front or back door? Quantitative analysis of direct
and indirect extractions of @-mangostin from mangosteen (Garcinia mangostana).
PLOS ONE 13:€205753-€205764 DOI 10.1371/journal.pone.0205753.

FangL, Liu Y, Zhuang H, Liu W, Wang X, Huang L. 2011. Combined microwave-
assisted extraction and high-speed counter-current chromatography for separation
and purification of xanthones from Garcinia mangostana. Journal of Chromatography
B 879:3023-3027 DOI 10.1016/j.jchromb.2011.08.040.

Ghasemzadeh Rahbardar M, Razavi BM, Hosseinzadeh H. 2020. Investigating the ame-
liorative effect of alphaimangostin on development and existing pain in a rat model
of neuropathic pain. Phytotherapy Research 34:3211-3225 DOI 10.1002/ptr.6768.

Gopalakrishnan G, Banumathi B, Suresh G. 1997. Evaluation of the antifungal activity
of natural xanthones from garcinia mangostana and their synthetic derivatives.
Journal of Natural Products 60:519-524 DOIT 10.1021/np970165u.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 21/29


https://peerj.com
http://dx.doi.org/10.1016/j.fct.2014.01.028
http://dx.doi.org/10.1038/s41598-022-12507-8
http://dx.doi.org/10.1111/opo.12752
http://dx.doi.org/10.1016/j.freeradbiomed.2005.09.003
http://dx.doi.org/10.1155/2020/9829176
http://dx.doi.org/10.3390/ijms21176211
http://dx.doi.org/10.1002/ptr.7356
http://dx.doi.org/10.3390/molecules25194513
http://dx.doi.org/10.1371/journal.pone.0205753
http://dx.doi.org/10.1016/j.jchromb.2011.08.040
http://dx.doi.org/10.1002/ptr.6768
http://dx.doi.org/10.1021/np970165u
http://dx.doi.org/10.7717/peerj.15329

Peer

Guéraud F, Atalay M, Bresgen N, Cipak A, Eckl PM, Huc L, Jouanin I, Siems W, Uchida
K. 2010. Chemistry and biochemistry of lipid peroxidation products. Free Radical
Research 44:1098-1124 DOI 10.3109/10715762.2010.498477.

Gutierrez-Orozco F, Thomas-Ahner JM, Berman-Booty LD, Galley JD, Chitchumroon-
chokchai C, Mace T, Suksamrarn S, Bailey MT, Clinton SK, Lesinski GB, Failla
ML. 2014. Dietary o-mangostin, a xanthone from mangosteen fruit, exacerbates
experimental colitis and promotes dysbiosis in mice. Molecular Nutrition & Food
Research 58:1226—1238 DOI 10.1002/mnfr.201300771.

Haruenkit R, Poovarodom S, Leontowicz H, Leontowicz M, Sajewicz M, Kowalska
T, Delgado-Licon E, Rocha-Guzman NE, Gallegos-Infante J, Trakhtenberg S,
Gorinstein S. 2007. Comparative study of health properties and nutritional value
of durian, mangosteen, and snake fruit: experiments in vitro and in vivo. Journal of
Agricultural and Food Chemistry 55:5842-5849 DOI 10.1021/jf070475a.

Hassan AA, Moustafa EM, EL-Khashab IH, Mansour SZ. 2021. Mangosteen hinders
gamma radiation-mediated oxidative stress and liver injury by down-regulating
TNF- o/NF- kB and pro-fibrotic factor TGF- B1 inducing inflammatory signaling.
Dose-Response 19:500538325-500538336 DOI 10.1177/15593258211025190.

Herdiana Y, Wathoni N, Shamsuddin S, Muchtaridi M. 2021. o-mangostin nanopar-
ticles cytotoxicity and cell death modalities in breast cancer cell lines. Molecules
26:5119-5134 DOI 10.3390/molecules26175119.

HuY, LiJ, Chang AK, Li Y, Tao X, Liu W, Wang Z, Su W, Li Z, Liang X. 2021. Screening
and tissue distribution of protein tyrosine phosphatase 1B inhibitors in mice
following oral administration of Garcinia mangostana L. ethanolic extract. Food
Chemistry 357:129759-129768 DOI 10.1016/j.foodchem.2021.129759.

Hu Z, Wang W, Ling J, Jiang C. 2016. [alpha]-mangostin inhibits [alpha]-synuclein-
induced microglial neuroinflammation and neurotoxicity. Cellular and Molecular
Neurobiology 36:811-820 DOI 10.1007/s10571-015-0264-9.

Huang]J, Liu D, Wang Y, Liu L, Li J, Yuan J, Jiang Z, Jiang Z, Hsiao WW, Liu H,

Khan 1, Xie Y, WuJ, Xie Y, Zhang Y, Fu Y, Liao J, Wang W, Lai H, Shi A, Cai ],

Luo L, LiR, Yao X, Fan X, Wu Q, Liu Z, Yan P, Lu ], Yang M, Wang L, Cao Y,

Wei H, Leung EL. 2022. Ginseng polysaccharides alter the gut microbiota and
kynurenine/tryptophan ratio, potentiating the antitumour effect of antiprogrammed
cell death 1/programmed cell death ligand 1 (anti-PD-1/PD-L1) immunotherapy.
Gut 71:734-745 DOI 10.1136/gutjnl-2020-321031.

Huang Y, Sun L, Zhu S, Xu L, Liu S, Yuan C, Guo Y, Wang X. 2020. Neuropro-
tection against Parkinson’s disease through the activation of Akt/GSK3 g
signaling pathway by tovophyllin A. Frontiers in Neuroscience 14:723—732
DOI 10.3389/fnins.2020.00723.

Ibrahim S, Mohamed GA, Khayat M, Ahmed S, Abo-Haded H. 2019. «-Amylase
inhibition of xanthones from Garcinia mangostana pericarps and their possible
use for the treatment of diabetes with molecular docking studies. Journal of Food
Biochemistry 43:¢12844-e12852 DOI 10.1111/jtbc.12844.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 22/29


https://peerj.com
http://dx.doi.org/10.3109/10715762.2010.498477
http://dx.doi.org/10.1002/mnfr.201300771
http://dx.doi.org/10.1021/jf070475a
http://dx.doi.org/10.1177/15593258211025190
http://dx.doi.org/10.3390/molecules26175119
http://dx.doi.org/10.1016/j.foodchem.2021.129759
http://dx.doi.org/10.1007/s10571-015-0264-9
http://dx.doi.org/10.1136/gutjnl-2020-321031
http://dx.doi.org/10.3389/fnins.2020.00723
http://dx.doi.org/10.1111/jfbc.12844
http://dx.doi.org/10.7717/peerj.15329

Peer

Jiang HZ, Quan XF, Tian WX, Hu JM, Wang PC, Huang SZ, Cheng ZQ, Liang W],
Zhou J, Ma XF, Zhao YX. 2010. Fatty acid synthase inhibitors of phenolic con-
stituents isolated from Garcinia mangostana. Bioorganic & Medicinal Chemistry
Letters 20:6045-6047 DOI 10.1016/j.bmcl.2010.08.061.

John OD, du Preez R, Panchal SK, Brown L. 2020. Tropical foods as functional foods for
metabolic syndrome. Food ¢ Function 11:6946—6960 DOI 10.1039/DOFO01133A.

Khaw KY, Chong CW, Murugaiyah V. 2020. LC-QTOF-MS analysis of xanthone
content in different parts of Garcinia mangostana and its influence on cholinesterase
inhibition. Journal of Enzyme Inhibition and Medicinal Chemistry 35:1433—-1441
DOI 10.1080/14756366.2020.1786819.

Kim Y, Woo J, Han C, Chang I. 2015. Safety analysis of panax ginseng in randomized
clinical trials: a systematic review. Medicines 2:106—126
DOI 10.3390/medicines2020106.

Kittipaspallop W, Taepavarapruk P, Chanchao C, Pimtong W. 2018. Acute toxicity
and teratogenicity of «-mangostin in zebrafish embryos. Experimental Biology and
Medicine 243:1212-1219 DOI 10.1177/1535370218819743.

Kudiganti V, Kodur RR, Kodur SR, Halemane M, Deep DK. 2016. Efficacy and toler-
ability of Meratrim for weight management: a randomized, double-blind, placebo-
controlled study in healthy overweight human subjects. Lipids in Health and Disease
15:136-146 DOI 10.1186/512944-016-0306-4.

Kwansang J, Chen CJ, Chaiprateep EO. 2022. Optimization of water-based ultrasonic-
microwave assisted extraction (UMAE) of bioactive compounds from Garcinia man-
gostana pericarp. Journal of Complementary and Integrative Medicine 19(2):225-231
DOI10.1515/jcim-2021-0454.

Labban RSM, Alfawaz HA, Almnaizel AT, Al-Muammar MN, Bhat RS, El-Ansary
A. 2021. Garcinia mangostana extract and curcumin ameliorate oxidative stress,
dyslipidemia, and hyperglycemia in high fat diet-induced obese Wistar albino rats.
Scientific Reports 11:7278-7288 DOI 10.1038/s41598-021-86545-7.

Li D, Liu Q, Sun W, Chen X, Wang Y, Sun 'Y, Lin L. 2018. 1, 3, 6, 7-Tetrahydroxy-8-
prenylxanthone ameliorates inflammatory responses resulting from the paracrine
interaction of adipocytes and macrophages. British Journal of Pharmacology
175:1590-1606 DOI 10.1111/bph.14162.

LiL, Han A, Kinghorn A, Frye R, Derendorf H, Butterweck V. 2013. Pharmacokinetic
properties of pure xanthones in comparison to a mangosteen fruit extract in rats.
Planta Medica 79:646—653 DOI 10.1055/s-0032-1328543.

Li P, Tian W, Ma X. 2014. Alpha-mangostin inhibits intracellular fatty acid synthase
and induces apoptosis in breast cancer cells. Molecular Cancer 13:138—148
DOI10.1186/1476-4598-13-138.

LiY, LiS, Meng X, Gan R, ZhangJ, Li H. 2017. Dietary natural products for prevention
and treatment of breast cancer. Nutrients 9:728—765 DOI 10.3390/nu9070728.

Liang X, Hu Y, LiJ, Chang AK, Tao X, Li Y, Liu W, Pi K, Yuan J, Jiang Z. 2020.
Identification and pharmacokinetics of quinone reductase 2 inhibitors after oral

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 23/29


https://peerj.com
http://dx.doi.org/10.1016/j.bmcl.2010.08.061
http://dx.doi.org/10.1039/D0FO01133A
http://dx.doi.org/10.1080/14756366.2020.1786819
http://dx.doi.org/10.3390/medicines2020106
http://dx.doi.org/10.1177/1535370218819743
http://dx.doi.org/10.1186/s12944-016-0306-4
http://dx.doi.org/10.1515/jcim-2021-0454
http://dx.doi.org/10.1038/s41598-021-86545-z
http://dx.doi.org/10.1111/bph.14162
http://dx.doi.org/10.1055/s-0032-1328543
http://dx.doi.org/10.1186/1476-4598-13-138
http://dx.doi.org/10.3390/nu9070728
http://dx.doi.org/10.7717/peerj.15329

Peer

administration of Garcinia mangostana L. Extract in Rat by LC-MS/MS. Journal of
Agricultural and Food Chemistry 68:11975-11986 DOI 10.1021/acs.jafc.0c04439.

Liu G, Shi A, Wang N, Li M, He X, Yin C, Tu Q, Shen X, Tao Y, Wang Q, Yin H. 2020.
Polyphenolic proanthocyanidin-B2 suppresses proliferation of liver cancer cells and
hepatocellular carcinogenesis through directly binding and inhibiting AKT activity.
Redox Biology 37:101701-101713 DOI 10.1016/j.redox.2020.101701.

Loufouma Mbouaka A, Leitsch D, Koehsler M, Walochnik J. 2021. Antimicrobial effect
of auranofin against Acanthamoeba spp. International Journal of Antimicrobial Agents
58:106425-106429 DOT 10.1016/j.ijantimicag.2021.106425.

LuY,JiaY, Xue Z, Li N, Liu J, Chen H. 2021. Inonotus obliquus recent developments in
(Chaga mushroom) polysaccharides: isolation, structural characteristics, biological
activities and application. Polymers 13:1441-1461 DOI 10.3390/polym13091441.

Man S, Gao W, Wei C, Liu C. 2012. Anticancer drugs from traditional toxic Chinese
medicines. Phytotherapy Research 26:1449-1465 DOI 10.1002/ptr.4609.

Markowicz J, Uram %, Sobich J, Mangiardi L, Maj P, Rode W. 2019. Antitumor
and anti-nematode activities of «-mangostin. European Journal of Pharmacology
863:172678-172685 DOI 10.1016/j.ejphar.2019.172678.

Matra DD, Poerwanto R, Santosa E, Higashio HSobir, Anzai H, Inoue E. 2016. Analysis
of allelic diversity and genetic relationships among cultivated mangosteen (Garcinia
mangostana L.) in Java, Indonesia using microsatellite markers and morphological
characters. Tropical Plant Biology 9:29—41 DOI 10.1007/512042-016-9161-8.

Meepagala KM, Schrader KK. 2018. Antibacterial activity of constituents from mangos-
teen garcinia mangostana fruit pericarp against several channel catfish pathogens.
Journal of Aquatic Animal Health 30:179-184 DOI 10.1002/aah.10021.

Mohamed GA, Al-Abd AM, El-Halawany AM, Abdallah HM, Ibrahim S. 2017. New
xanthones and cytotoxic constituents from Garcinia mangostana fruit hulls against
human hepatocellular, breast, and colorectal cancer cell lines. Journal of Ethnophar-
macology 198:302-312 DOI 10.1016/j.jep.2017.01.030.

Momcilovic¢ S, Cantacessi C, Arsi¢-Arsenijevi¢ V, Otranto D, Tasi¢-Otasevic S. 2019.
Rapid diagnosis of parasitic diseases: current scenario and future needs. Clinical
Microbiology and Infection: the Official Publication of the European Society of Clinical
Microbiology and Infectious Diseases 25:290-309 DOI 10.1016/j.cmi.2018.04.028.

Muangpaisan W, Wiputhanuphongs P, Jaisupa N, Junnu S, Samer J, Moongkarndi P,
Supapueng O, Chalermsri C, Neungton N. 2022. Effects of water-soluble mangos-
teen extract on cognitive function and neuropsychiatric symptoms in patients with
mild to moderate Alzheimer’s disease (WECAN-AD): a randomized controlled trial.
Alzheimer’s ¢ Dementia: Translational Research ¢ Clinical Interventions 8:e12292-
e12302 DOI 10.1002/trc2.12292.

Newman DJ, Cragg GM. 2016. Natural products as sources of new drugs from 1981 to
2014. Journal of Natural Products 79:629—661 DOI 10.1021/acs.jnatprod.5b01055.

Ngawhirunpat T, Opanasopi P, Sukma M, Sittisombut C, Atsushi K, AdachiI. 2010.
Antioxidant, free radical-scavenging activity and cytotoxicity of different solvent

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 24/29


https://peerj.com
http://dx.doi.org/10.1021/acs.jafc.0c04439
http://dx.doi.org/10.1016/j.redox.2020.101701
http://dx.doi.org/10.1016/j.ijantimicag.2021.106425
http://dx.doi.org/10.3390/polym13091441
http://dx.doi.org/10.1002/ptr.4609
http://dx.doi.org/10.1016/j.ejphar.2019.172678
http://dx.doi.org/10.1007/s12042-016-9161-8
http://dx.doi.org/10.1002/aah.10021
http://dx.doi.org/10.1016/j.jep.2017.01.030
http://dx.doi.org/10.1016/j.cmi.2018.04.028
http://dx.doi.org/10.1002/trc2.12292
http://dx.doi.org/10.1021/acs.jnatprod.5b01055
http://dx.doi.org/10.7717/peerj.15329

Peer

extracts and their phenolic constituents from the fruit hull of mangosteen (Garcinia
mangostana). Pharmaceutical Biology 48:55-62 DOI 10.3109/13880200903046138.

Nualkaew N, Morita H, Shimokawa Y, Kinjo K, Kushiro T, De-Eknamkul W, Ebizuka
Y, Abe I. 2012. Benzophenone synthase from Garcinia mangostana L. pericarps.
Phytochemistry 77:60-69 DOI 10.1016/j.phytochem.2012.02.002.

Oberholzer I, Méller M, Holland B, Dean OM, Berk M, Harvey BH. 2018. Garcinia
mangostana Linn displays antidepressant-like and pro-cognitive effects in a genetic
animal model of depression: a bio-behavioral study in the Flinders Sensitive Line rat.
Metabolic Brain Disease 33:467—480 DOI 10.1007/s11011-017-0144-8.

Obolskiy D, Pischel I, Siriwatanametanon N, Heinrich M. 2009. Garcinia mangostana
L.: a phytochemical and pharmacological review. Phytotherapy Research: PTR
23:1047-1065 DOI 10.1002/ptr.2730.

OhY, Do HTT, Kim S, Kim Y, Chin Y, Cho J. 2021. Memory-enhancing effects of
mangosteen pericarp water extract through antioxidative neuroprotection and anti-
apoptotic action. Antioxidants 10:34-55 DOI 10.3390/antiox10010034.

Park H, Shin K. 2019. Structural elucidation of an anti-metastatic polysaccharide from
the peels of Korean citrus Hallabong. Carbohydrate Polymers 225:115222-115231
DOI 10.1016/j.carbpol.2019.115222.

Park J, Ko K, Lee J, Oh J, Lim H, Lee D, Choi S, Cha J. 2021. Clinical and immunological
efficacy of mangosteen and propolis extracted complex in patients with gingivitis:

a multi-centered randomized controlled clinical trial. Nutrients 13:2604-2619
DOI 10.3390/nu13082604.

Petruk G, Del Giudice R, Rigano MM, Monti DM. 2018. Antioxidants from plants pro-
tect against skin photoaging. Oxidative Medicine and Cellular Longevity 2018:1-11
DOI10.1155/2018/1454936.

Pisoschi AM, Pop A. 2015. The role of antioxidants in the chemistry of oxidative stress: a
review. European Journal of Medicinal Chemistry 97:55-74
DOI 10.1016/j.ejmech.2015.04.040.

Ramage CM, Sando L, Peace CP, Carroll B], Drew RA. 2004. Genetic diversity revealed
in the apomictic fruit species Garcinia mangostana L. (mangosteen). Euphytica
136:1-10 DOI 10.1023/B:EUPH.0000019456.06040.eb.

Raza C, Anjum R, Shakeel N. 2019. Parkinson’s disease: mechanisms, translational mod-
els and management strategies. Life Sciences 226:77-90 DOI 10.1016/;.1f5.2019.03.057.

Robbins R]. 2003. Phenolic acids in foods: an overview of analytical methodology.
Journal of Agricultural and Food Chemistry 51:2866-2887 DOI 10.1021/jf026182t.

Roszczyk A, Turlo J, Zagozdzon R, Kaleta B. 2022. Immunomodulatory properties of
polysaccharides from lentinula edodes. International Journal of Molecular Sciences
23:8980-8992 DOI 10.3390/1jms23168980.

Ruankham W, Suwanjang W, Phopin K, Songtawee N, Prachayasittikul V, Prachay-
asittikul S. 2022. Modulatory effects of alpha-mangostin mediated by SIRT1/3-
FOXO3a pathway in oxidative stress-induced neuronal cells. Frontiers in Nutrition
8:714463-714475 DOI 10.3389/fnut.2021.714463.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 25/29


https://peerj.com
http://dx.doi.org/10.3109/13880200903046138
http://dx.doi.org/10.1016/j.phytochem.2012.02.002
http://dx.doi.org/10.1007/s11011-017-0144-8
http://dx.doi.org/10.1002/ptr.2730
http://dx.doi.org/10.3390/antiox10010034
http://dx.doi.org/10.1016/j.carbpol.2019.115222
http://dx.doi.org/10.3390/nu13082604
http://dx.doi.org/10.1155/2018/1454936
http://dx.doi.org/10.1016/j.ejmech.2015.04.040
http://dx.doi.org/10.1023/B:EUPH.0000019456.06040.eb
http://dx.doi.org/10.1016/j.lfs.2019.03.057
http://dx.doi.org/10.1021/jf026182t
http://dx.doi.org/10.3390/ijms23168980
http://dx.doi.org/10.3389/fnut.2021.714463
http://dx.doi.org/10.7717/peerj.15329

Peer

Ryu HW, Curtis-Long MJ, Jung S, Jin YM, Cho JK, Ryu YB, Lee WS, Park KH.
2010. Xanthones with neuraminidase inhibitory activity from the seedcases
of Garcinia mangostana. Bioorganic & Medicinal Chemistry 18:6258—6264
DOI 10.1016/j.bmc.2010.07.033.

Sangkanu S, Mitsuwan W, Mahabusarakam W, Jimoh TO, Wilairatana P, Girol AP,
Verma AK, De Lourdes Pereira M, Rahmatullah M, Wiart C, Siyadatpanah A,
Norouzi R, Mutombo PN, Nissapatorn V. 2021. Anti-Acanthamoeba synergistic
effect of chlorhexidine and Garcinia mangostana extract or @-mangostin against
Acanthamoeba triangularis trophozoite and cyst forms. Scientific Reports 11
DOI10.1038/s41598-021-87381-x.

Sangkanu S, Mitsuwan W, Mahboob T, Mahabusarakam W, Chewchanwuttiwong
S, Siphakdi P, Jimoh TO, Wilairatana P, Dolma KG, Pereira MDL, Rahmatullah
M, Wiart C, Norouzi R, Siyadatpanah A, Mutombo PN, Nissapatorn V. 2022.
Phytochemical, anti-Acanthamoeba, and anti-adhesion properties of Garcinia man-
gostana flower as preventive contact lens solution. Acta Tropica 226:106266—106274
DOI 10.1016/j.actatropica.2021.106266.

See I, Ee GCL, Jong VYM, Teh SS, Acuina CLC, Mah SH. 2021. Cytotoxic activity of
phytochemicals from Garcinia mangostana L. and G. benthamiana (Planch. &
Triana) Pipoly against breast cancer cells. Natural Product Research 35:6184—6189
DOI 10.1080/14786419.2020.1836629.

Sharma M, Dube T, Chibh S, Kour A, Mishra J, Panda JJ. 2019. Nanotheranostics, a fu-
ture remedy of neurological disorders. Expert Opinion on Drug Delivery 16:113—128
DOI 10.1080/17425247.2019.1562443.

Sifaoui I, Reyes-Batlle M, Lopez-Arencibia A, Wagner C, Chiboub O, De Agustino
Rodriguez J, Rocha-Cabrera P, Valladares B, Pifiero JE, Lorenzo-Morales J.

2017. Evaluation of the anti-Acanthamoeba activity of two commercial eye drops
commonly used to lower eye pressure. Experimental Parasitology 183:117-123
DOI10.1016/j.exppara.2017.07.012.

Songsiriritthigul C, Nualkaew N, Ketudat-Cairns J, Chen C. 2020. The crystal structure
of benzophenone synthase from Garcinia mangostana L. pericarps reveals the basis
for substrate specificity and catalysis. Acta Crystallographica Section F Structural
Biology Communications 76:597—-603 DOI 10.1107/52053230X20014818.

Sultan OS, Kantilal HK, Khoo SP, Davamani AF, Eusufzai SZ, Rashid F, Jamayet NB,
Soh JA, Tan YY, Alam MK. 2022. The potential of @-mangostin from garcinia
mangostana as an effective antimicrobial agent—a systematic review and meta-
analysis. Antibiotics 11:717-738 DOI 10.3390/antibiotics11060717.

Suthammarak W, Numpraphrut P, Charoensakdi R, Neungton N, Tunrungruangtavee
V, Jaisupa N, Charoensak S, Moongkarndi P, Muangpaisan W. 2016. Antioxidant-
enhancing property of the polar fraction of mangosteen pericarp extract and evalu-
ation of its safety in humans. Oxidative Medicine and Cellular Longevity 2016:1-10
DOI 10.1155/2016/1293036.

Taher M, Tg Zakaria TMFS, Susanti D, Zakaria ZA. 2016. Hypoglycaemic activ-
ity of ethanolic extract of Garcinia mangostana Linn. in normoglycaemic and

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 26/29


https://peerj.com
http://dx.doi.org/10.1016/j.bmc.2010.07.033
http://dx.doi.org/10.1038/s41598-021-87381-x
http://dx.doi.org/10.1016/j.actatropica.2021.106266
http://dx.doi.org/10.1080/14786419.2020.1836629
http://dx.doi.org/10.1080/17425247.2019.1562443
http://dx.doi.org/10.1016/j.exppara.2017.07.012
http://dx.doi.org/10.1107/S2053230X20014818
http://dx.doi.org/10.3390/antibiotics11060717
http://dx.doi.org/10.1155/2016/1293036
http://dx.doi.org/10.7717/peerj.15329

Peer

streptozotocin-induced diabetic rats. BMC Complementary and Alternative Medicine
16:135-146 DOI 10.1186/512906-016-1118-9.

Tamang N, Shrestha P, Khadka B, Mondal MH, Saha B, Bhattarai A. 2022. A
review of biopolymers’ utility as emulsion stabilizers. Polymers 14:127-146
DOI 10.3390/polym14010127.

Taokaew S, Chiaoprakobkij N, Siripong P, Sanchavanakit N, Pavasant P, Phisalaphong
M. 2021. Multifunctional cellulosic nanofiber film with enhanced antimicrobial and
anticancer properties by incorporation of ethanolic extract of Garcinia mangostana
peel. Materials Science ¢ Engineering. C, Materials for Biological Applications
120:111783-111819 DOI 10.1016/j.msec.2020.111783.

Tatiya-aphiradee N, Chatuphonprasert W, Jarukamjorn K. 2019. Anti-inflammatory
effect of Garcinia mangostana Linn, pericarp extract in methicillin-resistant
Staphylococcus aureus-induced superficial skin infection in mice. Biomedicine ¢
Pharmacotherapy 111:705-713 DOT 10.1016/j.biopha.2018.12.142.

Tatiya-aphiradee N, Chatuphonprasert W, Jarukamjorn K. 2021. Ethanolic
Garcinia mangostana extract and «-mangostin improve dextran sulfate sodium-
induced ulcerative colitis via the suppression of inflammatory and oxidative
responses in ICR mice. Journal of Ethnopharmacology 265:113384—113396
DOI10.1016/j.jep.2020.113384.

Tjahjani S. 2017. Antimalarial activity of Garcinia mangostana L rind and its synergistic
effect with artemisinin in vitro. BMC Complementary and Alternative Medicine
17:131-135 DOI 10.1186/512906-017-1649-8.

Tjahjani S, Widowati W, Khiong K, Suhendra A, Tjokropranoto R. 2014. Antioxidant
Properties of Garcinia Mangostana L (Mangosteen) Rind. Procedia Chemistry
13:198-203 DOI 10.1016/j.proche.2014.12.027.

Tousian Shandiz H, Razavi BM, Hosseinzadeh H. 2017. Review of Garcinia mangostana
and its Xanthones in metabolic syndrome and related complications. Phytotherapy
Research: PTR 31:1173-1182 DOT 10.1002/ptr.5862.

Turner A, Baker A, Dean OM, Walker AJ, Dodd S, Cotton SM, Scott JG, Kavanagh BE,
Ashton MM, Brown E, McGrath JJ, Berk M. 2021. AdjunctiveGarcinia mangostana
Linn, (Mangosteen) Pericarp for Schizophrenia: A 24-week double-blind, random-
ized, Placebo controlled efficacy trial: Péricarpe d’appoint Garcinia mangostana
Linn (mangoustan) pour la schizophrénie: un essai d’efficacité de 24 semaines, a
double insu, randomisé et controlé par placebo. The Canadian Journal of Psychiatry
66:354-366 DOI 10.1177/0706743720982437.

Uddin N, Ahmed S, Khan AM, Mazharol Hoque M, Halim MA. 2020. Halogenated
derivatives of methotrexate as human dihydrofolate reductase inhibitors in can-
cer chemotherapy. Journal of Biomolecular Structure & Dynamics 38:901-917
DOI10.1080/07391102.2019.1591302.

Upegui Y, Robledo SM, Gil Romero JF, Quifiones W, Archbold R, Torres F, Escobar
G, Nariiio B, Echeverri F. 2015. In vivo antimalarial activity of ¢-mangostin
and the new Xanthone §-mangostin. Phytotherapy Research 29:1195-1201
DOI 10.1002/ptr.5362.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 27/29


https://peerj.com
http://dx.doi.org/10.1186/s12906-016-1118-9
http://dx.doi.org/10.3390/polym14010127
http://dx.doi.org/10.1016/j.msec.2020.111783
http://dx.doi.org/10.1016/j.biopha.2018.12.142
http://dx.doi.org/10.1016/j.jep.2020.113384
http://dx.doi.org/10.1186/s12906-017-1649-8
http://dx.doi.org/10.1016/j.proche.2014.12.027
http://dx.doi.org/10.1002/ptr.5862
http://dx.doi.org/10.1177/0706743720982437
http://dx.doi.org/10.1080/07391102.2019.1591302
http://dx.doi.org/10.1002/ptr.5362
http://dx.doi.org/10.7717/peerj.15329

Peer

Urquiaga I, Leighton F. 2000. Plant polyphenol antioxidants and oxidative stress.
Biological Besearch 33:55—-64 DOI 10.4067/50716-97602000000200004.

Wang L, Bai M, Qin Y, Liu B, Wang Y, Zhou Y. 2018. Application of ionic liquid-
based ultrasonic-assisted extraction of flavonoids from bamboo leaves. Molecules
23:2309-2322 DOI 10.3390/molecules23092309.

Wang T, Hong Y, Chen Z, Wu D, Li Y, Wu X, Huang H, Zhang Q, Jia C. 2021. Synergis-
tic effects of «-mangostin and sorafenib in hepatocellular carcinoma: new insights
into o-mangostin cytotoxicity. Biochemical and Biophysical Research Communications
558:14-21 DOI 10.1016/j.bbrc.2021.04.047.

Wang W, Chen R, WangJ. 2017. Procyanidin B2 ameliorates carrageenan-induced
chronic nonbacterial prostatitis in rats via anti-inflammatory and activation of the
Nrf2 pathway. Biochemical and Biophysical Research Communications 493:794-799
DOI 10.1016/j.bbrc.2017.08.089.

Watanabe M, Gangitano E, Francomano D, Addessi E, Toscano R, Costantini
D, Tuccinardi D, Mariani S, Basciani S, Spera G, Gnessi L, Lubrano C. 2018.
Mangosteen extract shows a potent insulin sensitizing effect in obese female
patients: a prospective randomized controlled pilot study. Nutrients 10:586-595
DOI 10.3390/nu10050586.

Wathoni N, Yuan Shan C, Shan WYi, Rostinawati T, Indradi RB, Pratiwi R, Muchtaridi
M. 2019. Characterization and antioxidant activity of pectin from Indone-
sian mangosteen (Garcinia mangostana L.) rind. Heliyon 5:€2299-22303
DOI 10.1016/j.heliyon.2019.€02299.

Weecharangsan W, Opanasopit P, Sukma M, Ngawhirunpat T, Sotanaphun U,
Siripong P. 2006. Antioxidative and neuroprotective activities of extracts from
the fruit hull of mangosteen (Garcinia mangostana Linn.). Medical Principles and
Practice 15:281-287 DOI 10.1159/000092991.

Wu AT, Yeh Y, Huang Y, Mokgautsi N, Lawal B, Huang T. 2022. Gamma-mangostin
isolated from garcinia mangostana suppresses colon carcinogenesis and stemness by
downregulating the GSK3 8/ §-catenin/CDK6 cancer stem pathway. Phytomedicine
95:153797-153806 DOI 10.1016/j.phymed.2021.153797.

Xie Z, Sintara M, Chang T, Ou B. 2015. Daily consumption of a mangosteen-based drink
improves in vivo antioxidant and anti-inflammatory biomarkers in healthy adults: a
randomized, double-blind, placebo-controlled clinical trial. Food Science & Nutrition
3:342-348 DOI 10.1002/fsn3.225.

Yoshimura M, Ninomiya K, Tagashira Y, Maejima K, Yoshida T, Amakura Y.

2015. Polyphenolic Constituents of the Pericarp of Mangosteen (Garcinia
mangostana L.). Journal of Agricultural and Food Chemistry 63:7670-7674
DOI 10.1021/acs.jatc.5b01771.

Zadernowski R, Czaplicki S, Naczk M. 2009. Phenolic acid profiles of mangosteen fruits
(Garcinia mangostana). Food Chemistry 112:685-689
DOI 10.1016/j.foodchem.2008.06.030.

Zhang S, An L, Li Z, Wang H, Shi L, Zhang ], Li Y, Jin DQ, Tuerhong M, Ohizumi
Y, Shuai L, Xu J, Guo Y. 2020a. An active heteropolysaccharide from the

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 28/29


https://peerj.com
http://dx.doi.org/10.4067/S0716-97602000000200004
http://dx.doi.org/10.3390/molecules23092309
http://dx.doi.org/10.1016/j.bbrc.2021.04.047
http://dx.doi.org/10.1016/j.bbrc.2017.08.089
http://dx.doi.org/10.3390/nu10050586
http://dx.doi.org/10.1016/j.heliyon.2019.e02299
http://dx.doi.org/10.1159/000092991
http://dx.doi.org/10.1016/j.phymed.2021.153797
http://dx.doi.org/10.1002/fsn3.225
http://dx.doi.org/10.1021/acs.jafc.5b01771
http://dx.doi.org/10.1016/j.foodchem.2008.06.030
http://dx.doi.org/10.7717/peerj.15329

Peer

rinds of Garcinia mangostana Linn.: structural characterization and im-
munomodulation activity evaluation. Carbohydrate Polymers 235:115929—-115939
DOI 10.1016/j.carbpol.2020.115929.

Zhang S, LiZ, Wang X, AnL, Bao J, ZhangJ, CuiJ, LiY, Jin D, Tuerhong M,
Abudukeremu M, Ohizumi Y, Xu J, Guo Y. 2020b. Isolation, structural elu-
cidation, and immunoregulation properties of an arabinofuranan from the
rinds of Garcinia mangostana. Carbohydrate Polymers 246:116567—-116578
DOI 10.1016/j.carbpol.2020.116567.

Zhang W, Jiang G, Zhou X, Huang L, Meng J, He B, Qi Y. 2022. «-mangostin inhibits
LPS-induced bone resorption by restricting osteoclastogenesis via NF- B and
MAPK signaling. Chinese Medicine 17:34—46 DOI 10.1186/513020-022-00589-5.

Zheng X, Yang Y, Lu Y, Chen Q. 2021. Affinity-guided isolation and identification
of procyanidin B2 from mangosteen (Garcinia mangostana L.) rinds and its in
vitro LPS binding and neutralization activities. Plant Foods for Human Nutrition
76:442—-448 DOI 10.1007/s11130-021-00920-9.

ZhuX,LiJ, Ning H, Yuan Z, Zhong Y, Wu S, Zeng JZ. 2021. o-mangostin in-
duces apoptosis and inhibits metastasis of breast cancer cells via regulating
RXR a-AKT signaling pathway. Frontiers in Pharmacology 12:739658—739668
DOI 10.3389/fphar.2021.739658.

ZouH, LiY, Liu X, Wu Z, Li J, Ma Z. 2021. Roles of plant-derived bioactive compounds
and related microRNAs in cancer therapy. Phytotherapy Research 35:1176-1186
DOI 10.1002/ptr.6883.

Zuriarrain A, Zuriarrain J, Puertas Al, Duefias MT, Ostra M, Berregi 1. 2015. Polyphe-
nolic profile in cider and antioxidant power. Journal of the Science of Food and
Agriculture 95:2931-2943 DOI 10.1002/jsfa.7036.

Bi et al. (2023), PeerdJ, DOI 10.7717/peerj.15329 29/29


https://peerj.com
http://dx.doi.org/10.1016/j.carbpol.2020.115929
http://dx.doi.org/10.1016/j.carbpol.2020.116567
http://dx.doi.org/10.1186/s13020-022-00589-5
http://dx.doi.org/10.1007/s11130-021-00920-9
http://dx.doi.org/10.3389/fphar.2021.739658
http://dx.doi.org/10.1002/ptr.6883
http://dx.doi.org/10.1002/jsfa.7036
http://dx.doi.org/10.7717/peerj.15329

