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Abstract: o-Mangostin, a bioactive xanthone derived from the Garcinia mangostana L.
Clusiaceae (G. mangostana) fruit, has demonstrated significant anti-inflammatory and
immunomodulatory properties. Chronic inflammation plays a critical role in the patho-
genesis of various diseases, including metabolic disorders, autoimmune conditions, and
cancer. Conventional anti-inflammatory therapies, such as non-steroidal anti-inflammatory
drugs (NSAIDs), often carry undesirable side effects, prompting the need for safer, nat-
ural alternatives. This review consolidates the existing literature on the mechanisms by
which a-mangostin exerts its anti-inflammatory effects, including the suppression of pro-
inflammatory cytokines, modulation of immune cell activity, and inhibition of key signaling
pathways such as nuclear factor-kappa B (NF-kB) and mitogen-activated protein kinase
(MAPK). Additionally, a«-mangostin exhibits immunomodulatory properties by influenc-
ing both innate and adaptive immune responses, affecting macrophage polarization, T
cell differentiation, and cytokine production. Its efficacy has been observed in numerous
disease models, including joint disorders, digestive and metabolic conditions, hepatic
diseases, neurological disorders, and respiratory ailments. The potential therapeutic ap-
plications of a-mangostin as an anti-inflammatory agent warrant further investigation
through preclinical and clinical studies to validate its efficacy and safety.

Keywords: a-mangostin; inflammation; xanthone derivative; oxidative stress; NF-«B
signaling pathway

1. Introduction

Inflammation is an important part of the tissue response to harmful inflammatory
agents [1]. Inflammation can be caused by pathogenic factors, which can be infectious
or non-infectious (physical, chemical, biological, or psychological) factors [2]. This re-
sponse involves numerous inflammatory cells and cytokines. In the case of microbial
infections, components of the innate immune system, the toll-like receptors (TLRs) and
NOD (nucleotide-binding oligomerization domain protein)-like receptors (NLRs), are
activated and recognize an infection, leading macrophages and mast cells to produce
chemokines, cytokines, vasoactive amines, eicosanoids, and products of proteolytic cas-
cades to allow leukocytes like neutrophils to eliminate the invading agent by releasing
toxic substances like reactive oxygen species (ROS) and reactive nitrogen species (RNS) at
the site of infection [3]. Chronic inflammation results when these mechanisms responsible
for mediating inflammation are not regulated, and it is linked with metabolic disorders,
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allergies, autoimmune disorders, and even the development of cancer because of overactive
neutrophil infiltration and an abundance of ROS, RNS, and tissue-damaging enzymes [4].
Tissue damage can also result from free radicals, namely nitric oxide (NO), that can cause
toxic oxidative reactions [5]. As a result, anti-inflammatory drugs, like non-steroidal anti-
inflammatory drugs (NSAIDs), have been developed and are often used for the treatment
of these inflammatory disorders [6]. Most NSAIDs work by inhibiting the cyclooxygenase
(COX) enzyme that synthesizes eicosanoids like prostaglandins [7]. However, NSAIDs
also have the potential risk of producing many adverse side effects, including gastric,
renal, cardiovascular, hepatic, and hematologic effects [8]. As a result, many researchers
have been investigating natural alternatives to manage chronic diseases to counter the
side effects and prices of existing treatments [1]. For instance, previous reviews have
investigated the immunomodulatory and anti-inflammatory effects of natural lignans like
Nigella sativa and thymoquinone [5], berberine [9], sesamin [6], and sesamol [10]. Natural
products such as cyanidins [11] and sesamol [12] have also been investigated for their
anti-cancer properties.

The xanthone x-mangostin is a secondary metabolite from the mangosteen fruit, native
to Southeast Asia [13]. Valued for its flavor and traditional medicinal uses, mangosteen is a
rich source of carbohydrates, fiber, vitamin C, folate, and potassium. Its pericarp contains a
high concentration of bioactive compounds, particularly xanthones such as x-mangostin,
y-mangostin, garcinone E, flavonoids, tannins, saponins, and polysaccharides. The efficient
extraction of a-mangostin has been achieved through several methods. Conventional
solvent extraction using ethanol or ethyl acetate is common, but often requires additional
purification. Ultrasound-assisted extraction (UAE) improves yield and efficiency under
optimized conditions (70-80% ethanol, 40-50 °C, 30 min), while microwave-assisted extrac-
tion (MAE) offers rapid recovery within minutes using similar solvent concentrations [13].
Supercritical fluid extraction (SFE) with CO; and ethanol provides high purity and en-
vironmental safety, though it demands more sophisticated equipment. Post-extraction
purification typically involves liquid-liquid extraction, silica gel column chromatogra-
phy, and preparative high-performance liquid chromatography (Prep-HPLC), ensuring
pharmaceutical-grade o-mangostin suitable for therapeutic development [13]. x-Mangostin
has a molecular formula of Cy4H¢Og and a molecular weight of 410.45 g/mol. The com-
pound is known for its poor solubility in water but is soluble in organic solvents such
as ethanol, methanol, and dimethyl sulfoxide (DMSQO). With a melting point of around
180-181 °C, the chemical properties of x-mangostin play a crucial role in its bioactivity,
especially in the context of therapeutic applications. The xanthone structure of x-mangostin
significantly contributes to its bioactivity through its unique chemical configuration, which
comprises a tricyclic aromatic system with various functional groups attached to its rings
(Figure 1). This structural arrangement facilitates interactions with biological targets, in-
fluencing its pharmacological activities. The specific functional groups at positions C-1,
C-3, C-6, and C-8 of the xanthone molecule are crucial in defining the biological activity
of a-mangostin. These positions are implicated in modulating various pathways, such
as anti-inflammatory and anti-cancer mechanisms. The presence of hydroxyl groups, in
particular, enhances antioxidant capacity, allowing x-mangostin to scavenge free radicals
effectively, thereby exerting cytoprotective effects. While a-mangostin demonstrates a fa-
vorable safety profile with no apparent hepatotoxic effects at common dosages, interactions
with certain medications may pose risks. Thus, individuals on specific drug therapies
should approach its use with caution and under medical supervision to mitigate any poten-
tial adverse effects. Mangosteens are known as a “super fruit” and have been traditionally
used to treat diarrhea, skin infections, inflammation, fever, and cholera [14]. x-Mangostin
has been shown in previous studies to have anti-cancer [15], antioxidant [16], and anal-
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gesic [17] effects. Recently, we extensively reviewed the anti-cancer effects of x-mangostin
in various types of cancer [18]. Numerous in vitro and in vivo experimental studies have
been conducted on this xanthone’s anti-inflammatory and immunomodulatory effects.
However, to date, no comprehensive review has compiled these anti-inflammatory and
immunomodulatory effects and their underlying mechanisms. Therefore, this review aims
to compile its anti-inflammatory effects in general and in various organ-related diseases, its
cellular and humoral immunomodulatory effects, and the signaling pathways involved in
modulating these effects in order to better understand o-mangostin as a potential treatment
for inflammatory diseases.

Figure 1. Chemical structure of x-mangostin.

2. Search Methodology

The literature search was conducted using a variety of online databases, such as
PubMed and Google Scholar. To ensure the identification of relevant studies, the word
“a-mangostin” was used along with keywords including “inflammation”, “cytokines”,
and “immunomodulation”. Articles were screened and selected, with no restriction on
publication date, the experimental subjects/models used, the mode and duration of -

mangostin administration, or other experimental details.

3. Anti-Inflammatory Effects of x-Mangostin

Inflammation is a spontaneous natural response of tissues and organs as a response
to acute injuries, chronic injuries, or pathogenic infections [19]. Acute inflammation is a
transient response that efficiently eliminates the damaging agent to allow tissue repair
through the release of various molecular processes [4]. Major inflammatory markers, or
cytokines, that can be found in serum include interleukin (IL)-8, IL-1f3, IL-6, and tumor
necrosis factor (TNF) [19]. However, when inflammation is maintained, chronic inflam-
mation can result, leading to healthy tissue damage via DNA lesions [4]. During chronic
inflammation, tissues can produce oxygen and nitrogen radicals, activate the transcription
factor nuclear factor-kappa B (NF-«B), and accumulate excess cytokines like TNFo and
IL-6 that are associated with and can lead to cancer [19]. The cancer-inducing potential of
inflammation and existing inflammatory diseases facilitate the need for the discovery of
more anti-inflammatory drugs and molecules, potentially in the form of natural products
like x-mangostin.

In an in vitro study by Gutierrez-Orozco et al. (2013), the dose-dependent anti-
inflammatory effects of a-mangostin were investigated in the following cell lines: RAW
264.7 (macrophage-like cells), MDM cells (monocyte-derived macrophages), THP-1
(monocyte-like leukemia cells), HepG2 (hepatocellular carcinoma cells), Caco-2 HTB-
37 (enterocyte-like colorectal adenocarcinoma cells), and HT-29 (colorectal adenocarci-
noma cells) [20]. «-Mangostin (1, 3, and 10 uM) was found to attenuate the lipopolysac-
charide (LPS)-induced production of NO by 50%, 61%, and 78%, respectively, in RAW
264.7 macrophages. It was found that the inhibitory effects of x-mangostin for the secretion
of pro-inflammatory mediators depend on the cell line type and cellular activation [20].
Pretreatment with a-mangostin (7 uM) significantly reduced the release of TNFo by phor-
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bol myristate acetate (PMA)-stimulated HepG2 cells. Additionally, x-mangostin (10 uM)
reduced IL-8 secretions by LPS-stimulated THP-1 and colonic HT-29 cells, and a-mangostin
(15 uM) reduced IL-8 secretions by enterocyte-like Caco-2 cells. Alternatively, the -
mangostin (4.5 uM) pretreatment of MDM cells raised TNF« secretion more than 50% in
response to LPS stimulation, and in un-stimulated cultures, «-mangostin (4.5 and 10 pM)
also more than doubled the basal secretion of TNFa by MDM cells and IL-8 by HT-29 cells,
indicating pro-inflammatory activity during cellular inactivation [20]. Researchers spec-
ulated that these immunomodulatory observations were due to alterations in cellular
metabolism and the increased bioavailability of c-mangostin under inflammatory condi-
tions [20]. In another in vitro study by Tewtrakul et al. (2009), the anti-inflammatory effects
of mangosteen fruit hull, x-mangostin, and 'y-mangostin from the extract of G. mangostana
were tested using the RAW 264.7 macrophage cell line [21]. G. mangostana extract and the
isolated o-mangostin and y-mangostin compounds at concentrations ranging from 3 to
100 pg/mL were investigated against LPS-induced NO, prostaglandin E2 (PGE2), TNF,
and IL-4. There was an inhibitory effect on NO release with a half-maximal inhibitory
concentration (ICsp) value of 1.0 pg/mL for G. mangostana extract, 3.1 uM for a-mangostin,
and 6.0 uM for y-mangostin. There was also an inhibitory effect on PGE2 release with an
ICs¢ value of 6.0 ug/mL for G. mangostana extract, 13.9 uM for a-mangostin, and 13.5 uM
for y-mangostin. The extract had more potent effects in inhibiting NO and PGE2 than
the isolated compounds. There were only moderate effects on TNFo and IL-4 release,
with ICsg values between 31.8 and 64.8 uM for a-mangostin and y-mangostin. Addition-
ally, using mRINA expression assays, treatment with the extract, x-mangostin (3, 10, and
30 uM), and y-mangostin (3, 10, and 30 pM) for 20 h all suppressed gene transcription for
inducible nitric oxide synthase (iNOS), while only the extract and «-mangostin inhibited
cyclooxygenase-2 (COX-2) transcription. In another in vitro study, the role of a-mangostin
against LPS (10 pg/mL)-induced inflammation was studied in the intestinal epithelial
cell (IEC-6) line [22]. Pretreating the cells with a-mangostin (2.5, 5, and 10 uM) caused a
dose-dependent decrease in the production of an array of LPS-induced cytokines, namely
NO, PGE2, IL-6, TNF«, and IL-1§3 [22]. Similarly, a-mangostin (2.5, 5, and 10 pM) also
dose-dependently inhibited the LPS-induced mRNA expressions of the enzymes iNOS and
COX-2; the cytokines IL-6, TNF«, and IL-1§3; and the innate immunity-related receptor and
adaptor proteins TLR4 and myeloid differentiation primary response 88 (MYD88), involved
in the TLR signaling pathways, in IEC-6 cells. These results suggest that a-mangostin
suppresses pro-inflammatory cytokine release in inflammatory intestinal diseases through
inhibiting the activation of TLR4-mediated transforming growth factor beta-activated ki-
nase 1 (TAK1)-NF-«B signaling pathways [22]. Similarly, one combined in vitro and in vivo
study assessed the anti-inflammatory properties of x-mangostin in LPS-induced IEC-6
cells and in inflammatory bowel disease (IBS)-modeled male Sprague Dawley rats [23].
ax-Mangostin (10 pM) administration significantly downregulated LPS-elevated mRNA and
the protein expression of NOD-like receptor protein 3 (NLRP3), caspase 1, IL-1§3, and IL-18
in IEC-6 cells. In mice, chemokine CXC ligand (CXCL)17 and IL-23«x, both of which were
recently found to have anti-inflammatory effects, were also elevated in the a-mangostin
(50 mg/kg) treatment group [23].

a-Mangostin has also been studied regarding more specific organ- or pathogen-related
inflammation. One in vivo study examined the protective potential of x-mangostin against
UVB damage in HR-1 hairless male mice and found that a-mangostin (100 mg/kg) inhibited
UVB-induced wrinkle formation and increased epidermal thickness more than 2-fold
when compared to nontreatment groups [24]. Additionally, a-mangostin also exhibited
antioxidant effects, through enhancing superoxide dismutase (SOD) catalytic activity, and
overall photoprotective effects, through the suppression of pro-inflammatory cytokine
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mRNA expression, including IL-1§3, IL-6 and TNF«, and the protein expression of matrix
metalloproteinase (MMP)-1 and -9. Numerous studies have linked the pathogenesis of
photoaging to MMP induction and cytokine release [24]. Overall, Im and colleagues
effectively demonstrated a-mangostin’s potential in alleviating UVB-induced skin damage.
Other studies, like the following in vitro experiments, examined the inhibitory effect of
a-mangostin on dengue virus (DENV) expression [25-27]. Treating HepG2 cells with
a-mangostin (5, 10, and 20 uM) for 24 h [26] and human hepatocellular carcinoma (Huh)-7
cells with a-mangostin (10, 15, and 20 uM) for 24, 48, and 72 h [27] resulted in a dose-
dependent inhibition of DENV infection. This was also shown in the study by Sugiyanto
et al. (2019), where a-mangostin (10 and 20 uM) treatment for 24 and 48 h in human
peripheral blood mononuclear cells (PBMCs) resulted in more than 50% viral reduction,
with a greater reduction effect at 48 h [25]. Tarasuk et al. (2022) showed that the production
of DENV-2-infected cells decreased to 35% with a-mangostin (20 uM) [26]. They also
found that a-mangostin downregulated the expression of all DENV-2 proteins and that -
mangostin inhibited the DENYV life cycle by reducing the viral replication step. Additionally,
using an in vitro fluorescence-based transcription assay, a dose-response curve plotted for
a-mangostin (0-40 M) showed an ICsq value of 16.50 uM for inhibiting DENV-2 RNA-
dependent RNA polymerase (RdRp) activity. Tarasuk and colleagues (2017) also found
the transcription of these cytokines and chemokines to be reduced in DENV-1, DENV-
3, and DENV-4-infected cells, with a-mangostin reducing them more in DENV-4 than
ribavirin and dexamethasone. Additionally, the Sugiyanto et al. (2019) study showed
that a-mangostin treatment (5, 10, and 20 pM) for 24 and 48 h reduced TNFa and IFNy
expression, with higher reduction rates at higher a-mangostin concentrations. x-Mangostin
also has the potential to alleviate multi-organ-involved conditions. For example, in a
combined in vitro and in vivo study, the ability of x-mangostin to suppress the macrophage-
mediated host response to LPS-induced inflammation and cecal ligation and puncture
(CLP) induction in BALB/c mice was explored. In mice murine peritoneal macrophages,
a-mangostin (10, 20, 40, and 80 uM) treatment for 24 h reversed the LPS-induced increase in
NLRP3 inflammasome activation, including the mRNA and protein levels of NLRP3, ASC,
caspasel, and IL-1f3 [28]. Studies suggest that NLRP3 inflammasome activation is associated
with immune dysfunction and sepsis-induced multiple organ injury [29-31]. In vivo, x-
mangostin (3 mg/kg) pretreatment suppressed circulating levels of TNF«, IFNy, and IL-1(3,
as well as the hepatocellular injury markers ALT and AST, whilst also upregulating levels
of IL-10 in CLP-induced septic mice. Altogether, these results suggest c«-mangostin as a
protective agent against sepsis and as a negative regulator of CLP-induced inflammation
and vital organ injuries [28].

3.1. Joint Disorders

There are numerous studies displaying the therapeutic benefits of x-mangostin for
joint disorders like arthritis. For example, in one combined in vitro and in vivo study, the
effects of o-mangostin in alleviating angiogenesis in adjuvant-induced arthritic (AIA) male
Wistar rats and human umbilical vein endothelial cells (HUVECs) were examined [32].
x-Mangostin (30 mg/kg) treatment in AIA rats restored elevated blood levels of gran-
ulocytes, lymphocytes, and intermediate cells, shown by decreased paw swelling and
joint deformation. AIA- and LPS-induced elevated serum levels of angiogenic and in-
flammatory mediators, such as IL-6 and transforming growth factor-f (TGF-f3), were
also restored by «-mangostin (30 mg/kg) treatment. AIA-induced hypoxia-inducible
factor-1oc (HIF-1cx), vascular endothelial growth factor (VEGF), and LPS-induced COX-
2 levels were also found to be effectively suppressed after x-mangostin administration.
Specifically for VEGF, the effects were also observed in synovium tissues. Additionally,
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the x-mangostin (2, 4, and 6 pg/mL) treatment of LPS-primed HUVECsS resulted in a
dose-dependent reduction in VEGF production, as well as a reduction in VEGF-induced
HUVEC migration into wounds [32]. Another combined in vitro and in vivo study ex-
plored the therapeutic effects of x-mangostin in rats with AIA and human fibroblast-like
synoviocytes (HFLSs) rheumatoid arthritis (RA) cells [33]. «-Mangostin (40 mg/kg) given
once per day for 35 days by intragastric administration protected the destruction of joints
and showed anti-inflammatory activity in the initial stages of AIA as x-mangostin re-
duced inflammatory leucocytes, neutrophil, lymphocyte, and platelet cells. x-Mangostin
treatment (40 mg/kg) also reduced the expression of the inflammatory cytokines TNFo
and IL-{3 [33]. In another combined in vitro and in vivo study, the anti-theumatic and fat
metabolism effects of x-mangostin were investigated in AIA-induced male Sprague Dawley
rats and pre-adipocytes [34]. Treatment with a-mangostin (50 mg/kg) for 30 days increased
lymphocyte and hemoglobin counts and restored the expression of nicotinamide phos-
phoribosyltransferase (NAMPT), SIRT1, and peroxisome proliferator-activated receptor
(PPAR)-v, indicating its anti-inflammatory properties and promising profound metabolic
changes. Glucose and total triglyceride levels in peripheral blood, which were reduced in
AIA rats during the peak of secondary inflammation, were also reversed by a-mangostin
(50 mg/kg) treatment. Elevated AIA-induced serum levels of IL-1p and IL-6, involved in
white adipose tissue (WAT)-related inflammation, were also suppressed by a-mangostin
(50 mg/kg) treatment. Moreover, the indicators of oxidative stress in AIA rats also saw
considerable alterations via decreased SOD activity, while treatment with ax-mangostin
(50 mg/kg) reversed this modification. a-Mangostin (4 pg/mL) treatment for 24 h also
upregulated the expression of the anti-inflammatory mediators SIRT1 and PPARYy in pre-
adipocytes. Moreover, pre-adipocyte co-culture dramatically exacerbated LPS-induced
inflammation, shown by elevated levels of IL-1§, IL-6, and monocyte chemoattractant
protein (MCP)-1. x-Mangostin (4 ng/mL) therapy, however, suppressed this rise in pro-
inflammatory cytokines. Pre-adipocytes supported the upregulation of IL-13 and iNOS
and its upstream TLR4, COX-2, p-JNK, and p-p65 in LPS-treated macrophages, which
were all also downregulated by a-mangostin. [34]. Additionally, a combined in vitro and
in vivo study also proved a-mangostin to be successful in attenuating collagen-induced
RA in male Sprague Dawley rats and LPS-induced HFLSs through the suppression of
NAMPT [35]. Orally treating rats with c-mangostin (40 mg/kg) suppressed the synovium
expression of NAMPT and serum levels of NAD" compromising the salvage biosynthesis
of NAD. Similarly, treatment with a-mangostin (8, 10, and 12 ug/mL) for 6 h, but not
12 h, suppressed NAMPT and NAD levels in HFLSs. Histological examinations proved
a-mangostin (40 mg/kg) to alleviate the collagen-induced matrix degradation of the joints,
inflammatory cell infiltration, and synovial hyperplasia [35].

Furthermore, in another combined in vitro and in vivo study, the potential for the in-
hibition of osteoarthritis (OA) progression was examined in male Sprague Dawley rats and
their chondrocytes [36]. Western blots proved o-mangostin (3, 6, and 12 uM) treatment for
2 h to dose-dependently alleviate the IL-13-induced downregulation in collagen II, Aggre-
can, and their regulatory factor, SOX-9, and the upregulation of MMP-13 and ADAMTS-5
in chondrocytes. MMP-13 and ADAMTS-5 are also enzymes known for the catalysis of
components of the cartilage matrix [37]. Additionally, in a surgically induced OA rat model,
a-mangostin (10 mg/kg) treatment for 8 weeks morphologically reduced matrix degrada-
tion, articular cartilage thickness, and cartilage damage. Overall, researchers suggested that
the anti-OA potential of x-mangostin may lie in its ability to regulate catabolic factors [36].
Similarly, in another combined in vitro and in vivo study, a-mangostin was investigated
for its protective effects against IL-3-induced inflammation in male Sprague Dawley OA
rat models and their chondrocytes [38]. In addition to the cytotoxic effects of x-mangostin
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found via CCK-8 assay, a-mangostin (1.25, 2.5, 5.0, and 10 ng/mL) treatment for 24 h
decreased IL-13-induced PGE2, NO, p-p65, and p-IkB expressions in a dose-dependent
manner in rat chondrocytes. Moreover, pretreating IL-13-stimulated chondrocytes with
a-mangostin dose-dependently inhibited the release of iNOS, COX-2, MMP-3, MMP-9,
and MMP-13. Treating IL-13-stimulated chondrocytes with a-mangostin (5.0 ug/mL) also
reduced the activation of NF-kB p65 nuclear translocation, alleviating joint inflammation
and OA progression in rats. x-Mangostin (1.25, 2.5, and 5.0 pg/mL) was also shown to
increase the expression of collagen II and Aggrecan in a dose-dependent manner. Further-
more, chondroprotective effects, which increase articular cartilage thickness and ameliorate
cartilage damage, were observed in rat OA models with a-mangostin (10 mg/kg) adminis-
tration [38]. In another combined in vitro and in vivo study, to study therapeutic effects
against RA, the anti-inflammatory effects of a«-mangostin were investigated in collagen-
induced arthritic (CIA) male DBA /1] mice and mouse-derived bone marrow dendritic cells
(mBMDCs) [39]. Initially, arthritic scores were used to gauge the therapeutic potential of
a-mangostin. a-Mangostin (10 and 40 mg/kg) showed a significant decrease in arthritic
score from day 7 to 18 of treatment compared to the vehicle- and methotrexate-treated
groups [39]. Histological scores showed the effectiveness of a-mangostin treatment for
33 days in managing joint cartilage inflammation in mice knees to be significant only
at 40 mg/kg. The CIA-induced mice showed higher inflammatory cell infiltration, like
mononuclear cells and fibroblasts, whereas o-mangostin treatment reduced their scores [39].
Moreover, vehicle-elevated PGE2 levels were suppressed in a dose-dependent manner with
a-mangostin and methotrexate treatment in serum and in the joints, with the latter showing
superior effects. None were significantly effective, however [39]. Regarding CIA-induced el-
evated joint inflammatory mediators, a-mangostin treatment dose-dependently suppressed
the production of IL-6, CXCL5, CXCL10, and CCL5, while x-mangostin (40 mg/kg) also
suppressed CXCL9 levels [39]. Additionally, both doses of a-mangostin and methotrexate
treatments markedly downregulated IL-33 expression in joint tissues, compared to that
of the vehicle-induced mice [39]. Moreover, a-mangostin (3 and 5 pg/mL) treatment of
LPS-stimulated mBMDCs was found to notably reduce IL-12 and increase IL-10 production,
respectively, suggesting the anti-inflammatory effects of x-mangostin, while the levels
of IL-6, TNF«, and TGF-f3 remained unchanged [39]. Two more combined in vitro and
in vivo studies articulated the therapeutic effects of x-mangostin through the activation
of the choline anti-inflammatory pathway (CAP) in collagen-induced [40] and adjuvant-
induced [41] RA in male Sprague Dawley rats, PBMCs, and RAW 264.7 cells. Compared
to controls, x-mangostin (40 mg/kg) treatment ameliorated the inflammatory severity
in arthritic rats, including inflammatory cell infiltration, articular cartilage erosion, and
splenic lymphocyte density around arteries [40,41]. Moreover, a-mangostin (40 mg/kg)
simulated the CAP by restoring the collagen- and adjuvant-induced decline in *7nAChR
expression, while simultaneously markedly downregulating the circulating levels of IL-
 and TNFa. Additionally, in lymphocyte-dominated PBMCs, x-mangostin (5 ug/mL)
attenuated the catalytic activity of AChE, leading to the accumulation of ACh, allowing
solid conclusions to be drawn towards «-mangostin-led CAP activation [40]. Finally, Chen
et al. (2022) also found that x-mangostin (5 ug/mL) reversed adjuvant-suppressed SIRT1
expression in RAW 264.7 macrophages, drawing a link between energy metabolism and
immune inflammation [41]. Overall, these studies demonstrated the ability of x-mangostin
to ameliorate the peripheral immune environment through CAP activation [40]. Overall,
this extensive number of studies provides support for the anti-inflammatory benefits of
a-mangostin in arthritis.
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3.2. Digestive and Metabolic Disorders

a-Mangostin has been studied for its anti-inflammatory benefits in digestive and
metabolic disorders. In one in vivo study, researchers investigated the effects of -
mangostin in ameliorating dextran sulfate sodium (DSS)-induced ulcerative colitis (UC) in
male ICR mice [42]. Oral pretreatment with a-mangostin (30 mg/kg) for 7 days suppressed
DSS-stimulated rises in serum levels of ROS, NO, and myeloperoxidase (MPO), exhibit-
ing significant antioxidative and anti-inflammatory effects. The enzyme MPO is widely
generated by macrophages, monocytes, and neutrophils. MPO activity is thought to be a
particular marker of neutrophil infiltration in colitis, which causes inflammatory damage
to the mucosa [43]. Compared to the control group, a-mangostin (30 mg/kg) pretreat-
ment also completely restored MCP-1 colonic mRNA expression, while also succeeding
at downregulating TLR-2 mRNA expression [42]. Additionally, c-mangostin (30 mg/kg)
also significantly suppressed the DSS-stimulated colonic levels of TNFx mRNA expression,
but did not, however, restore these levels, as seen with sulfasalazine (100 mg/kg) and G.
mangostana pericarp extract (40, 200, and 1000 mg/kg) treatments. Moreover, it is suggested
that pro-inflammatory cytokines, including TNFe, increase the expression of adhesion
molecules. In this regard, qPCR analysis showed a-mangostin (30 mg/kg) pretreatment
to completely restore the DSS-upregulated colonic levels of the intracellular adhesion
molecule ICAM-1, while significantly suppressing those of vascular cell adhesion molecule
(VCAM)-1 [42]. Similarly, another in vivo study by You et al. (2017) demonstrated the
effects of x-mangostin in alleviating DSS-induced colitis in 6-week-old mice by inhibiting
the inflammatory NF-kB and MAPK pathways [44]. The disease activity index (DAI) scores
were lower in both the DaM30 (30 mg/kg of a-mangostin) and DaM100 (100 mg/kg of
a-mangostin) group than in the DSS group. After dissection, the colon lengths of both
treatment groups, DaM30 (9.57% increase) and DaM100 (21.5% increase), were significantly
longer than the DSS group, which was shorter than the control by 37.5%. MPO levels in
the esophagi and colons increased in the DSS group, but this was reversed in the 30 and
100 mg/kg treatment groups, indicating the inhibition of leukocytes. Surface epithelial
cell damage, inflammatory cell infiltration, and submucosal edema induced by DSS was
attenuated by the 100 mg/kg treatment, but only partly by the 30 mg/kg treatment [44].
Collectively, these results validate the anti-inflammatory potential of x-mangostin in the
development of novel UC therapies. The following in vivo study investigated the im-
pact of a diet containing «-mangostin on colitis induced by DSS in mice [45]. In contrast
to the previous studies, the DAI was higher in the group that received both DSS and
a-mangostin compared to the DSS-only group. The DSS + a-mangostin group showed
more severe symptoms, including greater weight loss, diarrhea, and rectal bleeding. In-
flammation and crypt injury were also more severe in the mid and distal colon of the
DSS + a-mangostin group after treatment cessation. While food intake decreased temporar-
ily in the DSS + a-mangostin group, it normalized after five days, with no liver toxicity
observed. Microscopic analysis confirmed higher inflammation, crypt injury, and ulcera-
tion in the DSS + a-mangostin group. Colonic epithelial cell proliferation, as measured
by Ki67 expression, and the infiltration of T cells and macrophages were greater in the
DSS + a-mangostin group compared to DSS-only and control groups. Hyperplasia was
also more pronounced in the DSS + «-mangostin group, persisting even after two weeks
of recovery. The study by Gutierrez-Orozco and colleagues also analyzed the effects of
a-mangostin on neutrophil infiltration, systemic inflammation, and gut microbiota in
DSS-induced colitis in mice. MPO levels, an indicator of neutrophil activity, were signifi-
cantly higher in the DSS + a-mangostin group compared to DSS-only and control groups.
Splenomegaly and increased liver weight were observed in the DSS + a-mangostin group,
along with elevated levels of systemic inflammatory markers, including SAA, IL-6, and
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granulocyte colony-stimulating factor [45]. This study, unlike the first two mentioned,
provides support against c«-mangostin as a potential treatment for colitis, suggesting that
more in vivo studies should be performed to clarify the difference in results.

Another extensive combined in vitro and in vivo study investigated c-mangostin for
its ameliorating effects against LPS-induced and age-related adipose tissue inflammation in
young and old male C57BL/6] mice and their RAW 264.7 macrophages [46]. x-Mangostin
(10 mg/kg) administration for 5 days reduced LPS-stimulated inflammatory cytokine levels
in serum and epididymal white adipose tissue (eWAT). a-Mangostin (5 uM) pretreatment
also decreased inflammatory cytokines in LPS-stimulated RAW 264.7 cells. These reduc-
tions included IL-6, TNFo and MCP-1 [46]. Similar results were found in old mice, with
the addition of decreased IL-13 and COX-2 levels after x-mangostin (25 and 50 mg/kg)
treatment. Reduced overall eWAT inflammation is thought to decrease the incidence
of insulin resistance and metabolic disorders [47]. Additionally, LPS-elevated levels of
iNOS, the key enzymatic mediator of inflammatory NO production [48], were reversed
by a-mangostin (10 mg/kg) in vivo and a-mangostin (5 uM) in vitro [46]. Compared to
untreated old mice, x-mangostin (25 and 50 mg/kg)-treated old mice showed significant
decreases in triglycerides, LDL-C, total cholesterol, AST, and ALT hepatic levels [46]. Inter-
estingly, a type of macrophage-specific inflammatory RNA, microRNA-155-5p (miR-155),
was also suppressed after x-mangostin (25 and 50 mg/kg) treatment in the serum and
eWAT of old mice, as well as after x-mangostin (5 M) pretreatment in LPS-stimulated RAW
264.7 macrophages [46]. Through this study, a-mangostin proved to ameliorate adipose
tissue inflammation, which could be used therapeutically in metabolic disorders. Addition-
ally, an in vitro study evaluated o-mangostin’s ability to prevent LPS-mediated metabolic
inflammation and insulin resistance in human primary adipocytes compared to its isomer,
v-mangostin [49]. a-Mangostin (3 uM) successfully attenuated the LPS-induced mRNA ex-
pression of several pro-inflammatory mediators, including TNF«, IL-13, IL-6, IL-8, MCP-1,
and TLR-2, while y-mangostin did so more effectively equimolarly. Another in vitro study
by Bumrungpert et al. (2010) found that the x-mangostin (3, 10, and 30 uM) treatment of
LPS-induced Human U937 monocytes also dose-dependently attenuated interferon (IFN)
y-inducible protein (IP)-10 [50]. Moreover, researchers reported only y-mangostin inhibit-
ing the LPS suppression of PPARy and adiponectin mRNA levels in adipocytes, while
both isomers successfully did so in human macrophages [50], establishing a link between
WAT inflammation and insulin resistance, calling for further research on the effects of
o-mangostin in this regard [49]. Although limited in number, data from these studies show
a-mangostin’s potential in alleviating metabolic impairments, and further experimental
studies should be performed to more comprehensively see its effects.

3.3. Hepatic Disorders

Previous studies have also examined a«-mangostin for its preventative and therapeutic
anti-inflammatory properties in liver diseases. For instance, in a combined in vitro and
in vivo study, the anti-inflammatory effects of a-mangostin were investigated in high-fat-
diet-induced C57BL/6 mice for 12 weeks [51]. «-Mangostin (50 mg/kg/day) showed
reduced macrophage infiltration and inflammatory cytokines in the liver and white adipose
tissue (WAT) of ax-mangostin-treated mice compared to high-fat diet (HFD) control mice.
This was shown using immunohistochemistry with the macrophage marker F4/80. Addi-
tionally, the study examined the expression of pro-inflammatory cytokines (TNF«, MCP-1,
CCR2, and IL-6) and the anti-inflammatory cytokine IL-10 in the liver, WAT, and LPS-treated
RAW 264.7 cells. The expression of pro-inflammatory mediators (e.g., MCP-1 and IL-6) were
notably reduced in the HFD / x-mangostin mice compared to the HFD control mice, while IL-
10 expression remained unchanged in WAT and increased in the liver and LPS-treated RAW
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264.7 cells [51]. These findings suggest that c-mangostin (50 mg/kg/day) may mitigate
HFD-induced inflammation in WAT by modulating macrophage infiltration and altering the
expression of pro-inflammatory cytokines. In another in vivo study, researchers studied the
hepatoprotective effects of x-mangostin against liver-fibrosis-inducing thioacetamide (TAA)
in male Wistar rats [52]. In the a-mangostin (50 mg/kg) and a-mangostin + TAA treatment
groups, the hepatic inflammation markers AST and ALT were markedly lower than in the
TA A-only group. Additionally, immunohistograms showed that the co-administration of
a-mangostin (50 mg/kg) and TAA significantly downregulated hepatic tissue levels of
TGF-B1, x-SMA, and TIMP-1; however, the x-mangostin (50 mg/kg) group alone only did
so for TIMP-1, hinting at its protective effects against hepatic inflammation [52]. Likewise,
one in vivo study by Fu et al. (2018) showed that «-mangostin (12.5 and 25mg/kg) has
hepatoprotective effects on lipopolysaccharide/d-galactosamine (LPS/D-GalN)-induced
acute liver failure in mice [53]. Mice pretreated with a-mangostin (12.5 and 25 mg/kg)
for 7 days showed significantly decreased AST and ALT levels from the LPS/D-GalN
treatment. a-Mangostin (12.5 and 25 mg/kg) also attenuated MDA, an indicator of lipid
peroxidation, levels. Moreover, a-mangostin (12.5 and 25 mg/kg) alleviated the increased
inflammatory cytokine TNFa, IL-1f3, and IL-6 levels from the LPS/D-GalN treatment.
a-Mangostin (12.5 and 25 mg/kg) also significantly decreased the amount of cell necrosis
and inflammatory cell infiltration from the LPS/D-GalN treatment. Another in vivo study
by Fu et al. (2018), performed on acetaminophen (APAP)-induced acute liver injury in
mice, showed the protective effects of a-mangostin (12.5 and 25 mg/kg) [54]. A 6-day
pretreatment with a-mangostin decreased the serum levels of AST and ALT induced by
APAP. a-Mangostin (12.5 and 25mg/kg) attenuated hepatic oxidative stress by increas-
ing antioxidant enzyme activity, shown by decreasing MDA levels and increasing SOD
activity and GSH. «-Mangostin (12.5 and 25 mg/kg) also showed anti-inflammatory effects
through alleviated cell necrosis, the inhibition of elevated APAP-induced IL-1§3, IL-6, and
TNF« levels, and significant dose-dependent decreases in the mRNA expression of IL-1f3,
IL-6, and TNFo. The a-mangostin pretreatment (12.5 and 25 mg/kg) also inhibited iNOS
expression. One more in vivo study by Shehata et al. (2022) explored the protective effects
of a-mangostin against liver injury induced by concanavalin A (Con A) in mice [55]. Con A
injection caused significant liver damage, evident from elevated liver toxicity markers (ALT,
ALP, LDH, AST, and y-GT) and decreased albumin levels, alongside histopathological
changes, including inflammatory cell infiltration and hydropic degeneration. x-Mangostin
(25 and 50 mg/kg) pretreatment reduced these toxicity markers, improved albumin lev-
els, and ameliorated liver histopathology. Con A also increased oxidative stress markers
(MDA, PC, and 4-HNE) while reducing antioxidants (TAC, GSH, and SOD). x-Mangostin
(25 and 50 mg/kg) pretreatment alleviated oxidative stress by decreasing lipid peroxida-
tion and enhancing antioxidant levels. Additionally, Con A exposure raised the levels
of pro-inflammatory markers (IL-6, NF-«B, and TNF«). x-Mangostin (25 and 50 mg/kg)
pretreatment significantly lowered these pro-inflammatory markers, demonstrating its
anti-inflammatory and hepatoprotective potential against Con A-induced liver injury [55].

3.4. Neurological Disorders

The anti-neuroinflammatory benefits of a-mangostin have also been demonstrated
in various studies. In an in vivo study, Catorce and colleagues (2016) expanded on the
potent anti-neuroinflammatory effects of x-mangostin in LPS-induced C57BL/6] mice [56].
ELISA analyses proved a-mangostin (40 mg/kg) treatment to be successful in attenuating
the LPS-stimulated levels of the pro-inflammatory marker IL-6 in the brain, whereas those
of IL-13 and TNFa remained unaltered. Additionally, the background and LPS-induced
brain tissue protein expression of COX-2, an enzyme associated with inflammation and
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the synthesis of prostaglandins [57], was also significantly downregulated by treating mice
with a-mangostin (40 mg/kg). Moreover, it has been established that an inflammatory
response may be detected by the upregulation of 18 kDa translocator protein (TSPO) ex-
pression [58]. To ascertain if o-mangostin could reduce TSPO expression, Catorce et al.
(2016) employed a monoclonal anti-TSPO antibody to measure the amount of TSPO in the
brains of rats. When comparing the hippocampal and cortical regions of the LPS-induced
rats to control animals, immunofluorescence labeling revealed elevated TSPO expression.
Interestingly, mice fed with o-mangostin (40 mg/kg) prior to LPS induction showed a sig-
nificant decrease in TSPO immunoreactivity. Lastly, the hippocampal and cortical regions
of the LPS-treated rats also showed an elevation of Iba-1 immunoreactivity, a frequently
used marker for activated microglia. However, the a-mangostin (40 mg/kg)-treated mice
showed a marked reduction in Iba-1 protein levels in the hippocampus but not in the cortex.
This was the first study to prove the anti-neuroinflammatory potential of x-mangostin in an
LPS-induced animal model, suggesting that the xanthone mainly reduces brain endothelial
cell activation, since TSPO and COX-2 co-localize with the endothelial cell marker CD31
but not with astrocytes or microglia [56]. Researchers have also examined the potential
of o-mangostin to exert its anti-inflammatory effects when associated with psychiatric
disorders. In an in vivo study, Lotter et al. (2020) investigated the effects of x-mangostin
and raw G. mangostana pericarp versus an antipsychotic drug, haloperidol, on a maternally
induced immune-inflammatory model of schizophrenia in male Sprague Dawley rats [59].
Their results found that the LPS-stimulated plasma levels of IL-6 were downregulated by
both a-mangostin (20 mg/kg) and the raw fruit treatment groups after 16 days, while only
raw G. mangostana pericarp downregulated TNF« plasma levels. They concluded that,
although both x-mangostin and the raw fruit proved to have strong antidepressant-like and
anti-inflammatory qualities while also enhancing the haloperidol-induced anti-immobility
reaction, further dose-response and clinical investigations are needed to confirm whether
they can provide therapeutic advantages [59]. In another combined in vitro and in vivo
study, a-mangostin was found to inhibit microglial inflammation causing memory im-
pairment by suppressing the TAK1 and NF-«kB signaling pathways [60]. «-Mangostin
(50-1000 nM) dose-dependently inhibited protein levels of TNF«, IL-6, and iNOS, as well
as nitric oxide production, in LPS-stimulated BV-2 microglial cells, with the highest inhi-
bition rate at 500 nM. A pretreatment of c-mangostin (500 nM) for 1 h followed by LPS
stimulation for 24 h showed the suppression of microglial migration towards a scratch on
a wound-healing assay. a«-Mangostin (500 nM) pretreatment also resulted in a decrease
in the number of phagocytic cells and events in the LPS-stimulated BV-2 microglial cells.
Additionally, x-mangostin (500 nM) reversed LPS-induced neuronal death and dendritic
loss in mouse hippocampal neurons. In vivo, x-mangostin treatment (50 mg/kg) also sup-
pressed LPS-induced dendritic damage, as shown by a stronger MAP2 reactivity. Moreover,
in the hippocampus and cerebral cortex of LPS-treated mice, Western blot analysis showed
increased iNOS and ELISA showed increased TNFo and IL-6, which were all repressed
by a-mangostin. Another in vitro study by Hu et al. (2016) investigated the neuroprotec-
tive effects of a-mangostin in x-synuclein-induced neuroinflammation and neurotoxicity,
common features in neurodegenerative diseases [61]. a-synuclein activation in rat primary
microglial cells increased the production of pro-inflammatory cytokines (IL-13, IL-6, TNFc),
NO, and ROS. a-Mangostin (1, 10, and 100 nM) significantly reduced the cytokine and NO
production in a dose-dependent manner. x-Mangostin (1, 10, and 100 nM) also inhibited
a-synuclein-induced ROS production, targeting NADPH oxidase (NOX-1) activity. In
neuron-microglia co-cultures, o-mangostin (1, 10, and 100 nM) protected dopaminergic
(DA) neurons from microglia-mediated neurotoxicity by reducing x-synuclein-induced
microglial activation. DA neuron survival assays showed that «-mangostin (1, 10, and
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100 nM) directly promoted DA neuron survival, particularly at 10 nM. In neuron-microglia
co-cultures, a-mangostin (1, 10, and 100 nM) treatment after x-synuclein exposure reversed
the reduction in neuronal viability, demonstrating c-mangostin’s protective effects through
the modulation of microglial activation and direct neuroprotection [61].

3.5. Respiratory Disorders

The anti-inflammatory benefits of a-mangostin may also have therapeutic effects in
respiratory issues. For example, in a combined in vitro and in vivo study, the activation of
the cholinergic anti-inflammatory pathway (CAP) through the a-mangostin treatment of
LPS-induced acute lung injury (ALI) was explored in male Sprague Dawley rats and RAW
264.7 cells [62]. ALI perpetuated a cytokine storm both in vivo and in vitro, both of which
were ameliorated by «-mangostin treatment. x-Mangostin (40 mg/kg) reduced the LPS-
induced serum levels of IL-3 and TNF« in vivo, and «-mangostin (5 pg/mL) suppressed
the production of these cytokines in RAW 264.7 macrophages in vitro. Additionally, o-
mangostin (40 mg/kg) sustained the activation of the CAP in vivo through the increase in
the peripheral amounts of ACh and «7nAchR expression, while x-mangostin (5 ug/mL)
produced similar effects in vitro, shedding light on its therapeutic potential for cholinergic-
associated diseases [62]. In another combined in vitro and in vivo study, x-mangostin was
tested for its potential in alleviating LPS-induced ALI in male Sprague Dawley rats and in
the RAW 264.7 cell line [63]. x-Mangostin (15 and 45 mg/kg) markedly decreased the LPS-
induced levels of interalveolar septal thickening, alveolar hemorrhage, and inflammatory
cell infiltration, as well as the leucocyte populations of monocytes and neutrophils [63],
as was also observed in the study by Yang and colleagues (2020) [62]. Similarly, dose-
dependent a-mangostin treatment significantly inhibited the overproduced serum levels
of TNF« while reversing the suppression in SOD activity [63]. Another in vivo study by
Jang et al. (2012) examined the effects of x-mangostin in mitigating ovalbumin (OVA)-
induced allergic asthma in BALB/c mice [64]. After a three-day treatment period, x-
mangostin (10 and 30 mg/kg) significantly and dose-dependently decreased OVA-induced
eosinophil and neutrophil cell infiltration in the lungs and bronchoalveolar lavage fluid
(BALF), suppressed levels of peribronchial fibrosis, and significantly reduced Penh values,
indicative of suppressed airway hyper-responsiveness [64]. Additionally, immunoassays
demonstrated that a-mangostin therapy significantly reduced elevated BALF levels of TGF-
1B, IL-4, IL-5, and IL-13, as well as total and OVA-specific IgE serum and BALF levels [64].
The collective results of these studies support the role of x-mangostin in ameliorating
respiratory disorders, including acute lung injury and asthma.

Table 1 highlights the main signaling mediators responsible for the reported anti-
inflammatory and immunomodulatory effects of a-mangostin in different disorders.

Table 1. The signaling mediators responsible for the reported anti-inflammatory and immunomodu-
latory effects of a-mangostin in different disorders. The adjacent arrows next to a molecule indicate a
decrease in that particular molecule when pointed down or an increase when pointed up, and are
based on the general trend of the effects for each disorder.
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Table 1. Cont.

Joint Disorders

Digestive and Metabolic
Disorders

Hepatic Disorders

Neurological Disorders

platelet cells

IL-6

TGF-3

HIF-1a

VEGF

COX-2

HUVEC migration
TNFo

IL-B

hemoglobin count
NAMPT

SIRT1

PPARy

glucose

T triglyceride levels
JIL-1B
150D

1 MCP-1

L NAMPT

NAD+

synovial hyperplasia
collagen II
Aggrecan

SOX-9

MMP-13
ADAMTS-5

matrix degradation
| cartilage damage
PGE2 expression
NO expression

MMP-9
CXCL5
CXCL10
CCL5
CXCL9
IL-33
IL-12
JIL-10

1T «7nAChR
1 ACh

TICAM-1 a-SMA I NO
1 VCAM-1 TIMP-1 | microglial migration
T colon length MDA 1 phagocytic cells
| surface epithelial cell damage TNF«x J neuronal death
inflammatory cell infiltration IL-1B | dendritic damage
submucosal edema cell necrosis J ROS
IL-6 antioxidant enzymes JIL-1B
JIL-1B SOD 1 neuron survival
1 COX-2 iNOS
iNOS ALP Respiratory Disorders
triglyceride levels LDH JIL-1B
LDL-C v-GT L TNF«x
1 cholesterol 1 lipid peroxidation T «7nAChR
L AST | NF-«B T Ach
| interalveolar septal
L ALT thickening
1 miR-155 1 alveolar hemorrhage
| inflammatory cell
JIL-8 infiltration
{ IENg-IP-10 1 leucocytes
1 PPARy 1 SOD
| peribronchial fibrosis
LIL-4
JIL-5
JIL-13
L IgE

4. Immunomodulatory Effects of x-Mangostin

In addition to the anti-inflammatory properties of o-mangostin, discussed above,
a-mangostin has also been investigated for its immunomodulatory properties, including
innate immunity, the body’s first line of defense, and adaptive immunity, specific responses
mediated by B and T lymphocytes. These involve both cellular and humoral immune
responses. Understanding the effects that «-mangostin has on different types of immunity
is necessary for determining its therapeutic potential in various conditions and disorders.

4.1. Effects on T Cells and Adaptive Immunity

x-Mangostin has been shown to influence adaptive immunity by modulating T cell ac-
tivity, particularly in conditions associated with excessive immune responses. Shehata et al.
(2022) demonstrated that a-mangostin (25 and 50 mg/kg) reduced CD4* T cell infiltration
in a concanavalin A (Con A)-induced liver injury model, suggesting a hepatoprotective
role [55]. Further studies on T cell regulation have highlighted x-mangostin’s potential role
in autoimmune diseases. In an experimental collagen-induced arthritis (CIA) model, -
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mangostin (40 mg/kg) reduced the levels of anti-CII IgG2a antibodies, which play a crucial
role in rheumatoid arthritis (RA) pathogenesis [39]. In vitro, a-mangostin (5 pg/mL) exhib-
ited cytotoxicity against Th1l and Th17 polarized lymphocytes, decreasing their viability by
37% [39]. Given that Th1l and Th17 cells mediate inflammatory and autoimmune responses,
these findings suggest a role for a-mangostin in immune modulation by limiting T cell
activation and cytokine production. Furthermore, c-mangostin treatment has been linked
to altered T cell differentiation. In a study by Yin et al. (2020), x-mangostin (5 ng/mL) was
found to significantly suppress Th17 populations while decreasing IL-13 and TNF« produc-
tion [40]. Additional studies have shown that a-mangostin inhibits IFNy-positive cells and
restores the Th1/Treg cell ratio [33], further supporting its immunomodulatory potential.

4.2. Effects on B Cells and Humoral Immunity

Beyond its role in T cell modulation, a-mangostin has been implicated in regulating
humoral immunity. Jang et al. (2012) demonstrated that c-mangostin (10 and 30 mg/kg)
significantly reduced BALF levels of IL-4, IL-5, IL-13, and TGF-1§ in an ovalbumin (OVA)-
induced allergic asthma model in BALB/c mice [64]. The reduction in IL-4 and IL-13
suggests that a-mangostin suppresses B cell differentiation and IgE secretion, inhibit-
ing Th2-mediated immune responses. These findings indicate that x-mangostin plays a
role in modulating antibody production and allergic responses, further broadening its
immunomodulatory applications.

4.3. Effects on Macrophages and Innate Immunity

x-Mangostin also influences innate immune responses, particularly macrophage po-
larization and migration. In LPS-stimulated murine bone marrow-derived dendritic cells
(mBMDCs), a-mangostin (7 and 10 pg/mL) significantly downregulated the percentage
and mean fluorescent intensity (MFI) of CD86 and CD40, reducing antigen-presenting cell
activation [39]. Additionally, x-mangostin (3 and 5 ug/mL) decreased IL-12 levels while
increasing IL-10 production, reinforcing its anti-inflammatory effects [39]. Macrophage
migration and polarization are also affected by a-mangostin. Li et al. (2019) found that
a-mangostin (25 and 50 mg/kg) suppressed the expression of MCP-1, Mip-1«, and the
chemokines CXCL10, CCL11, CX3CL1, and CCL5, reducing macrophage infiltration in
adipose tissue [46]. Furthermore, x-mangostin treatment induced an anti-inflammatory M2
macrophage shift by decreasing M1 markers (CD11c) and increasing M2 markers (CD206
and Arg-1) [46]. Similarly, Kim et al. (2017) observed that x-mangostin (50 mg/kg/day)
decreased M1 markers while promoting an M2 phenotype, suggesting a role in mitigating
chronic inflammation [51]. In vitro, x-mangostin (10-80 M) enhanced macrophage phago-
cytosis while promoting an M2 shift in LPS-stimulated macrophages [28]. Collectively,
these findings highlight x-mangostin’s capacity to modulate macrophage activity, reducing
inflammation and enhancing immune homeostasis.

5. Signaling Pathways Underlying Immunomodulatory and
Anti-Inflammatory Effects of x-Mangostin

Numerous studies have been conducted to uncover the underlying molecular path-
ways that are modulated by a-mangostin to provide its anti-inflammatory and im-
munomodulatory effects. The pathway most extensively studied for its modulation by
a-mangostin has been the NF-«B pathway, followed by several links to the MAPK pathway.
Other pathways involved include the Nrf2 and OSM pathways.

5.1. NF-«B Signaling Pathway

The NF-kB signaling pathway has been extensively studied in relation to the
anti-inflammatory effects of a-mangostin. This pathway, typically activated by pro-
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inflammatory cytokines such as IL-1 and TNF«, regulates the expression of various
pro-inflammatory genes. One study demonstrated that a-mangostin (3, 6, and 12 uM)
pretreatment significantly suppressed p-p65, p-IkB, and p65 nuclear translocation, thereby
inhibiting NF-«B activation in IL-1p-induced rat chondrocytes [36]. Tarasuk et al. (2022)
similarly observed NF-kB inhibition in infected HepG2 cells treated with a-mangostin
(5, 10, and 20 uM) [26]. Furthermore, in DENV-2-infected cells, a-mangostin (20 uM)
downregulated cytokine transcription, reducing RANTES to 13%, IP-10 to 5%, TNFo to
5%, and IL-6 to 6% [26,27]. Zou et al. (2019) found that x-mangostin (2.5, 5, and 10 uM)
suppressed the LPS-induced phosphorylation of the NF-«B upstream proteins p-TAK1 and
p-IKK in IEC-6 cells [22].

Guan et al. (2020) further confirmed NF-«B inhibition in LPS-stimulated BV-2 mi-
croglial cells with a-mangostin (500 nM), reducing the phosphorylation and nuclear translo-
cation of p65 [60]. This effect was also observed in vivo, where e-mangostin (50 mg/kg)
reduced LPS-induced p65 and TAK1 phosphorylation in C57BL/6 mice. Tao et al. (2018)
linked o-mangostin’s effects to TLR4/NF-kB suppression in RAW 264.7 macrophages,
significantly downregulating TNF«, TLR4, and HMGB [63]. Additional studies reported
reductions in p65 phosphorylation and nuclear translocation upon a-mangostin treatment
(5-12 ug/mL) in different inflammatory models [35,62]

Jang et al. (2012) found that x-mangostin (10 and 30 mg/kg) attenuated NF-«B activa-
tion in OVA-induced allergic asthma in BALB/c mice [64]. Other studies further demon-
strated NF-«B inhibition in liver injury models, correlating it with increased Nrf2 and HO-1
expression, indicating antioxidant effects [53,55]. «-Mangostin (12.5 and 25 mg/kg) was
also found to suppress APAP-induced IkBx degradation and NF-«kB p65 translocation [54].

5.2. MAPK Signaling Pathway

The MAPK pathway is another major target of x-mangostin’s anti-inflammatory ef-
fects. This pathway consists of protein kinases involved in phosphorylation cascades
leading to extracellular signal-regulated kinase (ERK) translocation and the activation
of transcription factors [65]. Bumrungpert et al. (2010) found that x-mangostin (3, 10,
and 30 uM) suppressed the LPS-induced phosphorylation of JNK, p38, and ERK in hu-
man adipocytes and macrophages [50]. Similarly, a-mangostin inhibited AP-1 activity by
suppressing c-Jun phosphorylation, a downstream target of JNK [49].

Im et al. (2017) highlighted the photoprotective effects of a-mangostin (100 mg/kg)
through its inhibition of MAPK phosphorylation in UVB-exposed HR-1 mice [24]. Li et al.
(2019) demonstrated that a-mangostin (10-50 mg/kg) reversed LPS-suppressed SIRT3
expression, thereby suppressing the MAPK and NF-«B pathways in the eWAT of young
and old mice. Further support for this mechanism was found when knocking down SIRT3
prevented the anti-inflammatory effects of x-mangostin in RAW 264.7 macrophages [46].

Liu et al. (2012) investigated «-mangostin’s effects on LPS-stimulated U937 cells,
where a-mangostin (7.6-30.5 nM) dose-dependently suppressed inflammatory cytokines
TNFo and IL-4. Gene expression analysis revealed the downregulation of 183 inflammation-
related genes, including IRAK2, NF-xB, and IL-6. MAPK phosphorylation was inhibited,
with a-mangostin (6-12 nM) reducing p38 phosphorylation to 38% of LPS-stimulated levels
and downregulating STAT1, c-Jun, and c-Fos [66].

5.3. Nrf2 Signaling Pathway and Antioxidant Effects

The Nrf2 signaling pathway plays a key role in oxidative stress responses, with
a-mangostin demonstrating significant modulation. Shehata et al. (2022) showed that «-
mangostin (25 and 50 mg/kg) upregulated protective genes such as SIRT1, Nrf2, NQO1, HO-
1, and GCL in a Con A-induced liver injury model [55]. Another study further confirmed the
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antioxidant role of c-mangostin in LPS/D-GalN-induced inflammation, where it increased
Nrf2 and HO-1 levels [53]. Shen et al. (2014) identified a-mangostin’s inhibition of Nrf2
expression in 3T3-L1 adipocytes, suppressing NF-«B activation during adipogenesis and
preventing inflammation [67].

5.4. Oncostatin M (OSM) Signaling Pathway

The OSM signaling pathway, involved in autoimmune diseases such as rheuma-
toid arthritis and multiple sclerosis, has also been implicated in «-mangostin’s anti-
inflammatory effects. Liu et al. (2012) found that c-mangostin modulated OSM signaling in
LPS-stimulated U937 cells, reducing inflammation-related gene expression and suppressing
MAPK activity [66].

5.5. Crosstalk Between Signaling Pathways

Evidence suggests that a-mangostin mediates its immunomodulatory and anti-
inflammatory effects through interactions between multiple pathways. For example, the
inhibition of NF-«B is often accompanied by MAPK suppression [46,66]. Additionally, the
interplay between the NF-«kB and Nrf2 pathways may contribute to a-mangostin’s dual
anti-inflammatory and antioxidant effects [53,55]. These findings highlight the need for
further research into how «-mangostin influences less-studied pathways such as the OSM
signaling pathway. Overall, x-mangostin exerts potent anti-inflammatory effects through
the NF-kB, MAPK, Nrf2, and OSM pathways. While NF-«kB and MAPK remain its primary
targets, additional research is needed to fully elucidate the extent of a-mangostin’s effects
on minor immune pathways.

Table 2 provides a detailed summary of the main findings related to the anti-
inflammatory and immunomodulatory effects of a-mangostin.

Table 2. A detailed summary of the main findings related to the anti-inflammatory and immunomod-
ulatory effects of x-mangostin and its dosages, dosage regimens, and experimental models, as well
as whether the reported effects were dose-dependent and/or time-dependent.

Main Effects

Experimental Administration Administration
Model Dosage Mode Duration References

- Restoration in
ATA-induced levels of
granulocytes,
lymphocytes, and
intermediate cells

- Suppression of
ATA-induced paw
swelling and joint
deformation

- Restoration in AIA- and
LPS-induced IL-6 and
TGEF-f serum levels

- Suppression of serum
AIA-induced HIF-1x and

Male Wistar rats 30 mg/kg Oral 32 days, daily
administration

[32]

LPS-induced COX-2 levels

- Suppression of AIA- and
LPS-induced VEGF levels
in serum, synovium,
and HUVECs

HUVEC cell line 2,4,and 6 24 h
ug/mL
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Table 2. Cont.

Main Effects

Experimental
Model

Dosage

Administration
Mode

Administration
Duration

Increased articular
cartilage thickness and
amelioration of cartilage
damage

Reduced expression of
PGE,, NO, p-p65, and
p-IxB

Inhibited release of iNOS,
COX-2, MMP-3, MMP-9,
and MMP-13

Reduced activation of
NF-«B p65 nuclear
translocation

Increased expression of
collagen II and Aggrecan

Male Sprague
Dawley rats

Rat chondrocytes

10 mg/kg

1.25, 2.5, and
5.0 ug/mL

Intraperitoneal
administration

8 weeks, on
alternate days

24 h

Elevation in
lymphocyte count
Restoration of expression
of NAMPT in rat models
Restoration of
AlA-elevated total
triglyceride and
glucose levels

Reversed decrease in
SOD activity
Suppression of
AlA-induced IL-13 and
IL-6 serum levels
Restoration of
ATA-induced SIRT1 and
PPARY levels in rat
models and
pre-adipocytes
Restoration of
co-culture-induced
elevation in IL-13, IL-6,
and MCP-1 levels in
pre-adipocytes

Male Sprague
Dawley rats

Pre-adipocytes

50 mg/kg

4 ug/mL

Oral
administration

30 days

24h

Reduction in histological
scores of CIA-induced
mononuclear cells and
fibroblasts in mice
Suppression of IL-6,
CXCL5, CXCL10, CXCLY9,
and CCLS5 levels in mice
Downregulation of IL-33
expression in mice

joint tissues

Reduction in CIA-induced
levels of anti-CII

IgG2a antibodies

Reduction in IL-12
production and elevation
in IL-10 production

in mBMDCs
Downregulation of CD86
and CD40 expression and
MFI in mBMDCs

Male DBA /1] mice

mBMDCs

40 mg/kg

1,3,5,7,and
10 pg/mL

Oral
administration

33 days, daily

4h

References
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Table 2. Cont.

Experimental Administration Administration

Main Effects Model Dosage Mode Duration

References

- Reduction in LPS-induced Male C57BL/6] 10 mg/kg Intraperitoneal 5 days, daily
serum, eWAT, and RAW mice administration 8 weeks, daily
macrophage levels of IL-6,
TNF«, and MCP-1

- Suppression of
LPS-elevated eWAT gene
expression of F4/80,
CD68, and M1
macrophage
marker CD11c

- Increased M2 markers,
CD206, and Arg-1

- Reversal of LPS-induced
iNOS in mice and
in macrophages
gfgf;?:fiijs]?élg,e sterol, 25 and 50 Oral administration Pretreatment
AST, and ALT mg/kg forTh

- Suppressed miR-155 in
serum and eWAT

- Reduction in LPS-induced [46]
serum and eWAT levels of
IL-6, TNFa, MCP-1, IL-13,
and COX2

- Suppression of IKK«/ 3,

IkBa, p65, ERK, and p38
phosphorylation in eWAT

- Suppression of
macrophage-related
chemokines CXCL10,

CCL11, CX3CL1, and
CCL5 in mice, eWAT, and
RAW cells

- Suppression of miR-155 in RAW 264.7 cells 5uM
RAW 264.7 cells

- Suppression of IKK
activation in RAW cells

- Elevated LPS-suppressed
SIRT3 expression in e WAT
(all concentrations) and
RAW cells

- Reduction in macrophage
infiltration and
inflammatory cytokines in
liver and WAT
- Decrease in CD11c M1
marker, TNFx, MCP-1, Male C57BL/6
CCR2, and IL-6 mice
- Suppression of migration
ability of stimulated
macrophages
- Increase in CD206 M2
marker and IL-10

Oral

50 mg/kg/day administration

12 weeks [51]
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Table 2. Cont.

Main Effects Experimental Dosage Administration Administration

Model Mode Duration References

- Reduction ir} LPS-induced RAW 264.7
NO production macrophages 1,3, and10 uM N/A Pretreatment for 2 h

- Raised TNF« secretion

- Reduction in MDM cells 4.5 uM N/A Pretreatment for 4 h
LPS-stimulated 1L-8
release THP-1 cells 10 uM N/A Pretreatment for 4 h

- Reduction in [20]
PMA-stimulated TNFo HepG2 cells 7 uM N/A Pretreatment for 16 h
release of HepG2 cells

- Reduction in Caco-2 HTB-37 15 uM N/A Pretreatment for 4 h

cells

LI;S-stimfuéated %L_Sd 10 pM N/A Pretreatment for 1 h
release of Caco-2 an HT-29 cells

HT-29 cells

Oral Pretreatment for 7

- Suppression of Male ICR mice 30 mg/kg administration days, daily

DSS-induced serum levels
of ROS, NO, and MPO

- Restoration of
DSS-induced MCP-1
colonic mRNA expression

- Restoration of
DSS-induced colonic [42]
ICAM-1

- Downregulation of
DSS-induced TLR-2 and
TNFax mRNA expression

- Downregulation of

DSS-induced colonic
VCAM-1

- Downregulation of Female 40 mg/kg Oral Pretreatment for
LPS-induced IL-6 and C57BL/6] mice administration 14 days, daily
COX-2 cortical protein
levels

- Decrease in LPS-induced [56]
hgvpocampal and cortical
TSPO immunoreactivity

- Reduction in hippocampal
Iba-1 protein levels

- Downregulation of Male Sprague 20 mg/kg Oral 16 days, daily
LPS-induced plasma Dawley rats administration
levels of IL-6 [59]
- Increase in
haloperidol-induced
anti-immobility reaction

- Suppression of 1EC-6 cells 25,5, and N/A Pretreatment for 1 h
LPS-induced production 10 uM
of NO, PGE2, IL-6, TNF«,
and IL-13
- Suppression of
LPS-induced mRNA
expression of iNOS,
C£X—2, IL-6, TNF«, IL-13, [22]
TLR4, and MYD88
- Downregulation of
p-TAK1 and p-IKK, and
nuclear import of p65,
p-IkB, and p-p65
expression
- Upregulation of IkB
expression
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Table 2. Cont.

Main Effects

Experimental
Model

Dosage

Administration
Mode

Administration
Duration

Suppression of circulating Male BALB/c mice

TNFe, IENy, IL-13, ALT,
and AST after CLP
induction

Upregulation of IL-10 in
CLP-induced mice
Suppression of
LPS-induced mRNA and
protein levels of NLRP3,
ASC, Caspasel, and IL-1§3
Increase in macrophage
phagocytosis and M2-type
macrophage shift

Murine
macrophages

3mg/kg

10, 20, 40, 80
uM

Intravenous
administration

7 days

[28]
24h

Reduction in
TAA-induced AST and
ALT hepatic levels
Downregulation of
TAA-induced TGF-$31,
«x-SMA, and TIMP-1

Male Wistar rats

50 mg/kg

Intraperitoneal
administration

8 weeks,
twice weekly

Reduction in LPS-induced
interalveolar septal
thickening, alveolar
hemorrhage, and
inflammatory cell
infiltration

Inhibition of serum TNF«x
Reversal of LPS-induced
suppression in SOD
activity

Downregulation of
LPS-induced levels of
TNF«, TLR4, HMGB, and
p-p65 in RAW 264.7 cells

Male Sprague
Dawley rats

RAW 264.7
macrophages

15 and 45
mg/kg

1,3,and 5
ug/mL

Oral
administration

3 days

4h

Suppression of
LPS-induced mRNA
expression of TNF«,
IL-1B, IL-6, IL-8, MCP-1,
and TLR-2

Suppression of
LPS-induced p-JNK,
p-p38, and p-ERK
Suppression of
transcriptional activity of
AP-1 p-c-Jun

Human primary
adipocytes

3uM

N/A

24 h

Suppression of IFNy IP10
Increase in
LPS-suppressed PPARy
and adiponectin mRNA
Suppression of
LPS-induced p-JNK,
p-p38, and p-ERK

Human U937
monocytes

3,10, and 30
uM

N/A

2h

References
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Table 2. Cont.

Main Effects

Experimental
Model

Dosage

Administration
Mode

Administration
Duration

Increase in peripheral
amounts of ACh and
a7nAchR expression

in vitro and in vivo
Reduction in LPS-induced
serum levels of IL- and
TNF«x and their
production in RAW 264.7
cells

Reduction in LPS-induced
phosphorylation of p65
and nuclear aggregation
of p65 in RAW 264.7 cells

Male Sprague
Dawley rats

RAW 264.7 cells

40 mg/kg

5ug/mL

Oral
administration

N/A

3 days

[62]

0.5,1,2,4,and 6h

Reduction in RA-induced
inflammatory cell
infiltration, articular
cartilage erosion, and
splenic lymphocyte
density in rats
Restoration of
RA-declined «7nAChR
expression in rats

Downregulation of
circulating levels of IL-3
and TNF« in rats and
human PBMCs
Reduction in AChE
catalytic activity in rat
PBMCs

Suppression of
LPS-stimulated Th17
populations in human
PBMCs

Decrease in Th1l and Th2
populations in human
PBMCs

Male Sprague
Dawley rats

Rat and human
PBMCs

40 mg/kg

2.5,5,and 10
ug/mL

Oral
administration

45 days

[40]

2h

Restoration of
RA-declined «7nAChR
expression in rats

Decrease in Th1
populations in human
PBMCs

Male Sprague
Dawley Rats

RAW 264.7
macrophages

40 mg/kg

5 ug/mL

Oral
administration

45 days

24h

Inhibition of synovium
expression of NAMPT and
NAD" in serum

Suppression of NAMPT
and NAD

Reduced LPS-induced
elevation of TNFx and

p-p65

Male Sprague
Dawley rats

Human FLSs

40 mg/kg

8,10, and 12
pg/mL

Oral
administration

45 days

6h [35]

References
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Table 2. Cont.

Main Effects

Experimental
Model

Dosage

Administration
Mode

Administration

. References
Duration

Reduction in
OVA-induced eosinophil
and neutrophil cell
infiltration in lungs

and BALF

Reduction in
OVA-elevated BALF
levels of TGF-1§3, IL-4,
IL-5, and IL-13
Reduction in
OVA-elevated IgE serum
and BALF levels
Suppression of
OVA-induced lung tissue
levels of nuclear p65
Suppression of
OVA-induced lung tissue
levels of phosphorylated
Akt and PIP3

Female BALB/c
mice

10 and
30 mg/kg

Oral
administration

3 days

Downregulation of
CXCL17 and IL-23«x levels
in rats

Downregulation of
LPS-elevated mRNA and
protein expression of
NLRP3, caspase 1, IL-1§3,
and IL-18

Male Sprague
Dawley rats

IEC-6 cells

50 mg/kg

10 uM

Intragastrical
administration

Pretreatment for
5 days, every day

Pretreatment
forlh

Inhibition of UVB-induced
wrinkle formation

2-fold increase in
epidermal thickness
Suppression of
UVB-induced mRNA
expression of IL-1f3, IL-6,
and TNF«, and protein
expression of

MMP-1 and -9

Increase in SOD

catalytic activity
Suppression of p-ERK,
p-p38, and p-JNK

Male HR-1 mice
(UVB-induced
inflammation)

100 mg/kg

Oral

administration

Pretreatment for
12 weeks

[24]

Inhibitory effect on NO
release with ICs( value of
3.1 uM for a-mangostin
Inhibitory effect on PGE2
release with ICs, value of
13.9 uM for x-mangostin
Moderate effects on TNFx
and IL-4 releases with
ICsq values 31.8-64.8 uM
for «- and y-mangostin
Suppressed gene
transcription for iNOS
and inhibited

COX-2 expression

RAW 264.7
macrophage cells

3-100 pg/mL

3,10, and
30 uM

N/A

Incubated for 48 h

Incubated for 20 h




Biomolecules 2025, 15, 681 23 of 31

Table 2. Cont.

Main Effects Experimental Dosage Administration Administration

Model Mode Duration References

10, 15, and

- Dose-dependent Huh-7 cells 20 UM

inhibition of

DENYV infection
- Suppressed transcription [27]

of RANTES, IP-10, TNF«,

and IL-6 in DENV-1-,

DENV-2-, DENV-3-, and

DENV-4-infected cells

N/A 24,48,and 72 h

- Suppressed transcription HepG2 cells 5,10, 20, and N/A 24 and 48 h
of RANTES, IP-10, TNF«, 40 uM
and IL-6 in
DENV-2-infected cells
- Dose-dependent
inhibition of
DENYV infection
- Downregulation of all
DENV-2 protein [26]
expression
- Inhibited DENYV life cycle
by reducing viral
replication
- Inhibited NF-«B nuclear
translocation
- Inhibited DENV-2 RdRp
activity, ICsp = 16.50 uM

- Viral reduction by more Human peripheral 5,10, and N/A 24 and 48 h
than 50% blood 20 uM

- Reduced TNFx and IFNy mononuclear cells
expression

- Suppressed PPARy NEF-«B-RE/GFP 10 uM N/A 7 days

expression by 40% adipocytes [67]

- Dose-dependent Nrf2-P/YFP 1-20 uM 8 days
inhibition of Nrf2 adipocytes

- Reduced inflammatory Male Sprague 40 mg/kg Intragastric 35 days, daily
leucocytes, neutrophils, Dawley rats administration
lymphocytes, and
platelet cells
- Reduced expression of
inflammatory cytokines
TNFa and IL-3
- Decreased IFNYy positive
cells and increased FOXP3
expression restoring
Th1/Treg cell ratio
- Abolished increased
effects of p-p65 and [33]
decreased VEGF
(downstream target of
NF-kB) expression)
- Inhibited HFLS-RA cell HFLS-RA cells 6,8,10,12, and N/A 24 h
proliferation at high 14 pg/mL
concentrations (above
8 ng/mL)
- Activated NF-«kB at lower
concentrations while
inhibiting NF-xB
activation at higher
concentrations and longer
treatment times
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Table 2. Cont.

Experimental Administration Administration

Main Effects Model Dosage Mode Duration References
- Dose-dependent Rat chondrocyte 3,6,and 12 uM N/A 2h
inhibition of cells

IL-1B-induced
degradation of collagen II
and Aggrecan
degradation

- Reverted IL-1B-induced
expression of p-p65 and
p-IkB, decrease in SOX-9,
and release of MMP-13 [36]
and ADAMTS-5

- Dose-dependent reversion
of increased cell apoptosis
and decreased cell
viability induced by IL-13

- Increase in thickness of
articular cartilage and
reduced cartilage
deterioration

6-week-old male 10 mg/kg Intraperitoneal Every other day
Sprague Dawley injection for 8 weeks after
rats OA-inducing
surgery

- Dose-dependent BV-2 microglial 50-1000 nM N/A Daily 24h
inhibition of TNFe, IL-6, cells oral gavage
and iNOS, as well as nitric
oxide production

- Suppression of microglial
migration

- Decrease in number of
phagocytic cells
and events

- Inhibited NF-kB pathway
by decreasing
phosphorylation and
nuclear translocation
of p65

- No effect on MAPK
signaling pathway

- Reversed LPS-induced Mouse Pretreatment for
neuronal death and hippocampal 500 nM 1 h Pretreatment
dendritic loss neurons forlh

- Suppressed LPS-induced
dendritic damage, as
shown by stronger MAP2
reactivity

- Repression of
LPS-induced iNOS, TNF«,
and IL-6

- Decreased LPS-induced
p65 and TAK1
phosphorylation, and
TLR4 and MyD88
expression

Male C57BL/6 100-500 nM

mice (20-25 g) 50 mg/kg Once per day for

14 days




Biomolecules 2025, 15, 681

25 of 31

Table 2. Cont.

Experimental

Main Effects Model

Dosage

Administration
Mode

Administration

. References
Duration

Adult male ICR
mice (20-22 g)

- Significantly decreased
AST and ALT levels

- Attenuated MDA levels

- Alleviated increased
inflammatory cytokine
TNFe, IL-18,
and IL-6 levels

- Decreased the amount of
cell necrosis and
inflammatory cell
infiltration

- Inhibited
LPS/D-GalN-induced
increases in TLR4,
phosphorylated NF-«B
p65, and
phosphorylated IxkB

- Inhibited
LPS/D-GalN-induced
increases in TLR4,
phosphorylated NF-«B
p65, and
phosphorylated IxkB

- Increased Nrf2 and HO-1,
indicating antioxidant
effects

12.5 and
25 mg/kg

Intragastric
administration

Once daily for
7 days

[53]

4-5-week-old male
ICR mice (20-25 g)

- Decreased serum levels of
AST and ALT induced by
APAP

- Attenuated hepatic
oxidative stress by
decreasing MDA levels
and increasing SOD
activity and GSH

- Alleviated cell necrosis

- Inhibition of elevated
APAP-induced TNF«,
IL-1B3 and IL-6 levels

- Dose-dependent decrease
in mRNA expression of
IL-6, IL-1p, and TNFo

- Inhibited iNOS expression

- Inhibited NF-«B pathway
by dose-dependently
suppressing
APAP-induced
degradation of IkBx levels
and translocation of
NEF-«Bp65

- MAPK pathway inhibited
by suppressing
phosphorylation of ERK,
JNK, and p38

12.5 and

25 mg/kg

Intragastric
administration

Once daily for
6 days
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Table 2. Cont.

Main Effects Experimental Dosage Administration Administration

Model Mode Duration References

- Lowered disease activity 6-week-old mice 30 and Orally 3 days pretreatment
index (DAI) scores 100 mg/kg followed by 10-day
- Longer colon lengths than treatment (after
DSS group DSS
- Reversal of administration)
myeloperoxidase (MPO)
increase in esophagi and
colons, indicating
inhibition of leukocytes
- Decreased DSS-induced [44]
upregulation of IKK and
IkBx phosphorylation as
well as activated NF-«xB
- Attenuated surface
epithelial cell damage,
inflammatory cell
infiltration, and

submucosal edema
induced by DSS

- Reduced IL-1p, IL-6, Primary rat 1,10, and N/A 24h
TNF«, and NO microglial cells 100 nM
prOduCtiOn and lnhlblted and mesencephalic
NF-kB pathway activation neuron—glia
by reducing IkBx cultures
degradation and p65
phosphorylation and
nuclear translocation
- Inhibited
o-synuclein-induced ROS [61]
production, targeting
NADPH oxidase (NOX-1)
activity
- Protected dopaminergic
(DA) neurons from
microglia-mediated
neurotoxicity by reducing
a-synuclein-induced
microglial activation

- Reduced ALT, ALP, LDH, Adult male Swiss 25 and Oral
AST, and y-GT; improved albino mice 50 mg/kg administration
albumin levels; and (2025 g)
ameliorated liver
histopathology

- Alleviated oxidative stress
by decreasing lipid
peroxidation and
enhancing antioxidants [55]
TAC, GSH, SOD

- Upregulated SIRT1, Nrf2,

NQOI1, HO-1, and GCL
genes and their pathways,
boosting Nrf2 binding and
HO-1 levels

- Lowered IL-6, NF-kB, and
TNFo and reduced CD4*

T cell infiltration

7 days
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Table 2. Cont.

Experimental Administration Administration

Model Dosage Mode Duration References

Main Effects

6.0,7.6,12.0,
12.5,13.4, and
30.5nM

- Inhibited TNFo and IL-4 U937 cells
- Altered pathways
involved in immune
responses, apoptosis, and
cell death regulation,
notably suppressing 183
genes (e.g., IRAK2, NF-xB,
OLR1, IL-6, CCR7, ORM1,
etc.) linked to [66]
inflammation
- Affected OSM pathway
and modulated MAPK
signaling pathways,
reducing phosphorylation
of p38, ERK1/2, and JNK
- Reduced expression of
STAT1, ¢c-Jun, and c-Fos

N/A 4h

6. Conclusions

a-Mangostin has emerged as a promising natural compound with potent anti-
inflammatory and immunomodulatory effects. Through extensive in vitro and in vivo
studies, c-mangostin has been shown to modulate key inflammatory pathways, including
NF-«kB, MAPK, and Nrf2, thereby reducing inflammation and oxidative stress. x-Mangostin
demonstrates promising anti-inflammatory activity in preclinical studies, placing it mech-
anistically between NSAIDs and biologics. Unlike NSAIDs, which are associated with
gastrointestinal and renal toxicity, x-mangostin exhibits a more favorable safety profile
in animal models. Compared to biologics, it poses a lower risk of immunosuppression
and is significantly more cost-effective. Additionally, its immunomodulatory capabilities
extend to influencing macrophage polarization, T cell responses, and cytokine production,
making it a potential candidate for treating a range of inflammatory and immune-related
disorders. Despite these promising findings, further research is necessary to elucidate its
precise mechanisms, optimize its bioavailability, and assess its long-term safety in clinical
settings. Future investigations should focus on translating these preclinical findings into
clinical applications to harness the full therapeutic potential of x-mangostin as a natural
anti-inflammatory and immunomodulatory agent.
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