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Abstract 

Among women, breast cancer is the most frequently diagnosed cancer and the leading cause of cancer-related mor‑
tality globally. Despite improvements in early detection and diagnosis, some risk factors have been on the rise, includ‑
ing the decline in birth rate, the use of oral contraceptives, and the escalation in alcohol consumption and obesity. 
Thus, there is an imperative urgent need to expand accessible prevention and treatment options for breast cancer. 
Regarding these tumors, several natural compounds have shown efficacy in slowing or preventing their progres‑
sion, offering a promising therapeutic alternative. Among these, α-mangostin, a xanthone derived from mangosteen, 
has demonstrated promising antitumor effects against different malignancies, particularly breast cancer. The mecha‑
nisms involved in α-mangostin´s therapeutic effects include downregulation of oncogenic ion channels, modulation 
of cell cycle progression, suppression of oncogene expression, and interference with steroid and growth factor recep‑
tors signaling. This review thoroughly explores these mechanisms, as well as updates information on α-mangostin 
chemical structure and its potential as a coadjuvant to conventional breast cancer therapies. Furthermore, we provide 
scientifically supported insights for the development of clinically applicable α-mangostin-based treatments, high‑
lighting the robust body of evidence supporting its cancer-fighting properties, despite the absence of clinical studies 
to date. 
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1  Introduction
As estimated by GLOBOCAN 2022, breast cancer 
represents the most frequently diagnosed cancer type 
among women and the leading cause of cancer-related 
mortality worldwide, which accounts for one in six 
cancer deaths [1]. Moreover, mortality rates caused 
by this malignancy are higher in less developed coun-
tries, posing a heavy burden for healthcare systems 
and representing a clinical concern worldwide [1]. This 
underscores the urgent need for accessible therapeutic 
strategies with low toxicity, alongside early detection 
and timely diagnosis. Plant-derived bioactive molecules 
have been extensively studied for their therapeutic 
potential, with the mangosteen tree (Garcinia mango‑
stana) emerging as a notable source of antineoplastic 
phytochemicals, particularly xanthones. Among these, 
α-mangostin has gained significant attention due to its 
ability to inhibit the proliferation of various breast can-
cer cell types in in vitro studies and xenografted murine 
models. In these preclinical studies, α-mangostin has 
demonstrated the potential to enhance the efficacy of 
conventional cancer therapies, such as doxorubicin, 
5-fluorouracil, and tamoxifen, by allowing dose reduc-
tions while improving therapeutic outcomes [2–4]. 
This combination of low cost, reduced toxicity, and 
diverse antineoplastic mechanisms makes α-mangostin 
a promising candidate for developing novel breast can-
cer treatments. Notably, α-mangostin, exhibits signifi-
cant anticancer properties across various cancer types, 
as reviewed elsewhere [5–8]. Beyond its antineoplastic 
effects, α-mangostin offers additional health benefits, 
including antibacterial, antifungal, and antiparasitic 
activities, as well as antioxidant, antidiabetic, antiobes-
ity, and antiallergic effects. These attributes position 
α-mangostin as a valuable natural health product for 
improving overall health and supporting the treatment 
of various medical conditions [5].

This review provides an updated overview of the anti-
cancer effects of α-mangostin, particularly in breast 
cancer, emphasizing its cellular and molecular mech-
anisms. The antineoplastic effects of α-mangostin 
include modulation of breast hormonal receptors, 
inhibition of growth factor and histamine H1 recep-
tor (H1R) signaling, and targeting key enzymes and cell 
cycle mediators. α-Mangostin promotes apoptosis and 
inhibits cancer cell adhesion, invasion, and metastasis 
through mechanisms such as epithelial-mesenchymal 
transition (EMT) and focal adhesion kinase (FAK) 
inhibition. Additionally, α-mangostin exhibits antian-
giogenic and immunomodulatory effects. Preclinical 
studies and clinical trials supporting its potential as an 
adjuvant therapy are also discussed.

1.1 � Taxonomy of mangosteen
The mangosteen tree (Garcinia mangostana) belongs to 
the Garcinia genus within the Clusiaceae family, com-
monly known as Guttiferae. It can grow up to 25 m, fea-
turing a central trunk, symmetrical branches, and dense 
foliage. Its leaves measure 15–25 cm in length and 4.5–
13 cm in width. The flowers have four petals, measuring 
2–5 cm long, and are either yellow-green with red edges 
or predominantly red [9–11]. These flowers produce 
mangosteen fruits, which are encased in a thick, hard, 
deep-red pericarp that encloses 4 to 7 arils (Fig. 1). Man-
gosteen trees grow slowly, requiring 6 to 9 years for the 
first harvest [9, 10].

The mangosteen tree, native from Southeast Asia, is 
extensively cultivated in Malaysia, Indonesia, Thailand, 
the Philippines, and certain regions of India and Sri 
Lanka. It has also been introduced to tropical regions in 
Australia, Africa, and America. Particularly in this last 
Continent, the mangosteen tree can be found in South 
and Central America, including Mexico [10, 12, 13].

1.2 � Traditional medicinal applications of mangosteen 
and its fruit‑derived supplements

Globally, mangosteen has a long history of use in tradi-
tional medicine, particularly in Southeast Asia. Various 
parts of the tree, including the leaves, bark, roots, heart-
wood, seeds, pericarp, and fruit, have been utilized in 
different forms, such as powders, ointments, tinctures, 
and teas to treat numerous medical conditions. As an 
antimicrobial agent, mangosteen has been employed to 
treat bacterial infections and parasitic diseases, includ-
ing dysentery and cholera [14]. It also addresses other 
gastrointestinal issues like aphthae, abdominal pain, 
hemorrhoids, and diarrhea, and is considered a diges-
tive aid. Externally, it treats skin infections, wounds, 
chronic ulcers, and suppurations [12, 15]. Addition-
ally, mangosteen is used to treat genito-urinary diseases 
such as urethra suppuration, cystitis, leucorrhea, gonor-
rhea, vaginal thrush, and menstrual disorders, as well as 
respiratory diseases like tuberculosis [12, 15]. Its potent 
anti-inflammatory properties are effective for arthritis, 
skin disorders such as acne, eczema, hyperkeratosis, and 
psoriasis, as well as allergic reactions [12, 16]. In addition 
to traditional uses, mangosteen fruit, pericarp and whole 
fruit have been incorporated into a variety of dietary sup-
plements, including capsules, tablets, powders, and bev-
erages (Supplementary Table 1). However, it is important 
to note that these formulations have not been tested in 
clinical studies as anticancer agents.

Mangosteen is rich in bioactive compounds, including 
xanthones, terpenes, anthocyanins, and tannins. Xan-
thones are the predominant bioactive secondary metab-
olites, responsible for the most significant biological 
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activities attributed to this fruit. Xanthones have been 
identified in different parts of the plant; however, most 
are concentrated in the pericarp of mangosteen fruit [12, 
15].

2 � Xanthones from Garcinia mangostana
The pericarp exudes a yellow resin, hence the term 
“xanthones”, since the word xanthone is derived from 
the Greek word xanthós, meaning yellow. Xanthone 
is an aromatic oxygenated heterocyclic molecule with 
a planar, symmetric and tricyclic structure named 
dibenzo-γ-pyrone or 9H-xanthen-9-one. Xanthone has 
the molecular formula C13H8O2, its structure includes 
two aromatic rings: A-ring and B-ring, connected by 
γ-pyrone ring (C-ring), as shown in Fig. 2 [17].

The xanthone nucleus is considered a “privileged struc-
ture” due to its ability to interact with various biological 
targets. This capability arises from its planar and rigid 
heteroaromatic tricyclic ring system that can accommo-
date a diverse group of substituents around these rings, 
the central carbonyl group capable of multiple interac-
tions, and the biaryl ether group (two aromatic rings con-
nected by an oxygen atom) contributing to the electronic 
system [18]. The xanthone nucleus can be substituted 
with various functional groups through processes such 
as alkylation, hydroxylation, prenylation, alkoxylation, 
and acylation, among others. Prenylated xanthones are 
the major group of naturally occurring xanthones, rec-
ognized for their anti-proliferative effects, attributed to 
the presence of prenyl groups (chains of carbon atoms 
derived from isoprene units) at key positions on the xan-
thone nucleus (Fig. 2) [18]. These prenyl groups facilitate 
the internalization of the molecule and influence protein 
interactions [15].

Structure–activity relationship studies indicate that 
both prenyl and hydroxyl groups on the xanthone nucleus 

are essential for promoting anti-proliferative effects [19]. 
By comparing the cytotoxicity of different xanthones and 
analyzing their structures, it has been concluded that the 
hydroxyl group at the C1 position and prenyl substituents 
at the C2 position in the xanthone nucleus are crucial 
for its cytotoxic effects [19, 20]. Hydroxylation at the C3 
position enhances cytotoxicity, while its replacement by 
the methoxy group decreases the potency to cause mito-
chondrial dysfunction [15]. The cytotoxicity of xanthones 
is generally reduced by the hydroxylation of the pre-
nylated chain in the C8, as observed in garcinone C and 
D, compared to α-mangostin and γ-mangostin [20]. The 
synthesis of α-mangostin derivatives highlights the sig-
nificance of hydroxyl groups on C3 and C6 for cytotoxic 
activity. Di-substitution of these groups diminishes cyto-
toxicity against cancer cell lines, emphasizing the impor-
tance of retaining these hydroxyl groups. Additionally, 
the hydroxyl group at C7 plays a crucial role, replacing it 
with a methoxy group decreases cytotoxicity. Therefore, 
the number and locations of hydroxyl groups have varied 
effects on cytotoxicity, whereas  oxidation  of  the prenyl 
group at C2 has limited impact.  Moreover, Structure–
activity relationship studies determined that maintain-
ing the prenyl group at C8 is essential for retaining the 
cytotoxicity of xanthones; however, oxidizing the prenyl 
group at C8 results in the loss of this cytotoxicity [21, 22].

Interestingly, it was determined that certain xan-
thones could inhibit the cyclin-dependent kinase-4 
(CDK4) protein, requiring specific functional groups 
for that, such as isoprenyl groups at the C2 and C8 
positions, with hydroxyl groups extending from 3 and 
7 positions, as well as the lack of isoprenyl group at the 
C4 position. The inhibition of CDK4 prevents the phos-
phorylation of downstream targets, which is crucial 
for stopping uncontrolled cell cycle progression. Vemu 
et  al. hypothesized that the isoprenyl group at the C2 

Fig. 1  Mangosteen fruit. The mangosteen fruit has a thick outer rind, known as the pericarp (rind or peel), which measures approximately 1.0 cm 
in thickness and encases the inner white pulp. The pulp, about 4.5 cm in diameter, consists of 4 to 7 soft, juicy arils with a sweet yet slightly acidic 
flavor. The entire fruit has an average diameter of 6.5 cm
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position of α-mangostin can bind deep within the ATP-
binding pocket of CDK4. However, when the isoprenyl 
group is at C4, and absent at C8, as in gartanine, there 
is no inhibition of CDK4. It is possible that an isopre-
nyl group at C4 obstructs the binding of the xanthone 
to the CDK4 ATP-binding domain [22]. Hydroxyla-
tion of key groups is critical for inhibiting CDK4. 
Among α-mangostin, β-mangostin, and γ-mangostin, 
hydroxylation at the C3 and C7 positions resulted in 
the most potent inhibition, with γ-mangostin being 
the most effective. However, the in vitro assay did not 
consider phase I metabolism, which may occur in vivo. 
It is possible that methoxy groups, such as those in 
α-mangostin (C7) and β-mangostin (C3 and C7), might 
undergo O-demethylation to generate γ-mangostin 
in  vivo. When comparing γ-mangostin to garcinone 
D, hydroxylation of the isoprenyl group appeared to 
counteract the methoxy group at C7, thereby restoring 
CDK4 inhibition [22].

The most abundant mangostins in mangosteen 
fruit are α-mangostin, followed by γ-mangostin and 
β-mangostin. Other notable xanthones include garci-
none E, gartanin, and 8-deoxygartanin. Their relative 
abundance varies depending on the extraction method 
used, as shown in Table 1.

The α-mangostin was the first xanthone isolated from 
the mangosteen pericarp, identified by W. Schmid 
in 1855. Between 1930 and 1932, Dragendorf and 
Murakami elucidated its structure, followed by Yates 
and Stout, who established its molecular formula in 
1958 [12].

3 � Therapeutic benefits of α‑mangostin: 
antineoplastic properties

The α-mangostin has a wide range of medicinal proper-
ties, including antioxidant [23], antineoplastic [30], anti-
inflammatory [31, 32], antihistamine [33], antibacterial 
[34], antifungal [35], antiviral [36–44], antimalarial [45], 
antidiabetic [46], antihyperlipidemic [46], cardioprotec-
tive [47, 48], hepatoprotective [49], neuroprotective [50], 
and immunomodulatory activities [51], among others.

In terms of its antineoplastic properties, α-mangostin 
has shown chemopreventive and antitumoral effects 
against various cancers, including cholangiocarcinoma 

[52], pheochromocytoma [53], glioblastoma [54], osteo-
sarcoma [55], head and neck cancer [56], prostate cancer 
[57, 58], gastric cancer [59], pancreatic cancer [60–62], 
lung cancer [63], cervical cancer [43, 64], colon cancer 
[65], ovarian cancer [66, 67], skin cancer [68], renal can-
cer [69], and breast cancer [3, 70–79].

3.1 � Mechanisms of α‑mangostin involved in inhibiting 
breast cancer cell proliferation

In the context of breast cancer, while personalized thera-
peutic strategies have been developed and applied based 
on specific tumor phenotypes, α-mangostin has shown 
antiproliferative effects regardless of the tumor molecu-
lar expression profile. This includes its effectiveness in 
breast cancer cells representing tumor phenotypes such 
as Estrogen Receptor-positive (ER +), Human Epidermal 
Growth Factor Receptor Type 2 (HER-2) enriched, and 
Triple Negative (TN), which lacks expression of ER, Pro-
gesterone Receptor (PR), and HER-2 (Table 2).

On the other hand, α-mangostin has demonstrated 
the ability to suppress breast cancer cell growth and 
the development of pre-neoplastic lesions induced by 
7,12-dimethylbenzo (α) anthracene in a mouse mam-
mary organ culture assay, with an IC50 of 2.44 µM [23]. 
Numerous studies highlight the impact of α-mangostin 
on breast cancer, identifying several mechanisms through 
which it may exert its antiproliferative effects (Fig. 3).

3.1.1 � Modulation of hormone receptors by α‑mangostin 
in breast cancer

In the canonical mechanism of action, ERα functions 
as a transcription factor upon ligand binding, driving 
the transcription of genes involved in cell proliferation. 
One mechanism through which α-mangostin inhib-
its cancer cell proliferation is by inhibiting ERα (Fig. 3). 
Specifically, at a concentration of 10  µM, α-mangostin 
suppresses ERα protein expression and decreases the 
estrogen-dependent gene Ps2 in MCF-7 cells. Notably, 
siRNA-mediated knockdown of ERα levels, followed 
by subsequent treatment with α-mangostin, reduces 
its effects, suggesting that the xanthone exerts its activ-
ity, at least in part, through ERα [76]. Additionally, ERα 
phosphorylation is reduced in T-47D cells treated with 
30  µM of α-mangostin, suggesting that α-mangostin 

Fig. 2  Chemical structure of the major prenylated xanthones from mangosteen pericarp. The xanthone nucleus is an aromatic oxygenated 
heterocyclic molecule with a planar, symmetric, and tricyclic structure, comprising two aromatics rings: A-ring (carbons 1–4) and B-ring (carbons 
5–8), connected by the C ring (γ-pyrone ring, carbon 9). The prenylated xanthones feature prenyl groups and vary in the number and position 
of these groups, as well as the hydroxyl and methoxy groups attached to the xanthone nucleus. These variations are believed to significantly 
influence the biological activities of the xanthones. The structures were created in ChemDraw version 20.0.0.41 (1998–2000 PerkinElmer informatics, 
Inc)

(See figure on next page.)
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Fig. 2  (See legend on previous page.)
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may additionally inhibit cell proliferation and survival 
by suppressing ERα signaling pathway [74]. Moreover, 
treatment of MCF-7 cells with mangosteen rind extract 
(50 and 100 µg/mL) decreased ERα gene expression in a 
concentration-dependent manner while increasing ERβ 
levels [80]. ERβ, in particular, plays a significant role in 
breast cancer, often acting as a tumor suppressor; while 
ERα promotes cancer cell proliferation, ERβ tends to 
inhibit it, and high levels of this protein are associated 
with better prognosis and improved survival rates [90].

Given the significance of estrogen signaling in breast 
cancer progression, blocking this pathway is a key thera-
peutic strategy in ER-positive tumors. In this context, 
it has been demonstrated that α-mangostin at 3.5  µM 
reduces the expression of estrogen-regulated genes, such 
as those encoding prolactin and PR, in MCF-7 cells, sug-
gesting the interference with estrogen signaling [4].

In an additional study, the anti-proliferative effects of 
four xanthones, including α-mangostin, β-mangostin, 
mangostenol, mangaxanthone B, along with three ben-
zophenones and one sterol, were evaluated. Initially, 
the antiproliferative activity of these compounds was 
assessed in the breast cancer cell lines MCF-7 and MDA-
MB-231, identifying α-mangostin as the most potent 
compound, with IC50 values of 4.43  µM and 3.59  µM, 
respectively. Subsequently, a molecular docking simula-
tion study was conducted to evaluate the interactions of 
xanthones with 2OCF (Protein Data Bank ID for the pro-
tein structure of ER). The analysis regarding α-mangostin 
revealed key interactions contributing to its potential 
biological activity. Specifically, the prenyl group at C8 of 
α-mangostin interacts with the Leu320, Trp393, Phe445, 
and Val446 residues of 2OCF at various distances (Å) 
through hydrophobic interactions. The aromatic ring A 
of α-mangostin interacts with Arg394, while rings B and 
C with Ile326 and Arg394 through hydrophobic inter-
actions. Furthermore, the hydroxyl group at C1 and the 
carbonyl group (C = O) interact with Trp393 through 
hydrogen bonding. Additionally, a molecular docking 
simulation of xanthones was performed with 4PIV (Pro-
tein Data Bank ID for the β-ketoacyl part of Fatty Acid 
Synthase, FAS), which will be discussed in detail in the 
section regarding FAS inhibition [19].

Other studies have also explored α-mangostin and its 
derivatives as potential ERα antagonists. In one of them, 
α-mangostin was chemically modified by substituting 
the hydroxyl group at C6 with benzoyl derivatives. Com-
putational analyses predicted that the resulting deriva-
tives AMB-1, AMB-2, and AMB-10 may function as 
potential ERα antagonists. Of note, these findings were 
based solely in silico approaches and were not validated 
through experimental assays [71]. More recently, another 
study explored the conjugation of glycine to the hydroxyl 

groups at positions C3 and/or C6 of the α-mangostin, 
leading to the development of glycine-conjugated 
α-mangostin derivatives. Among these, the Am1Gly, with 
glycine attached to the hydroxyl group at C3, demon-
strated promising potential as an ERα antagonist. Further 
pharmacophore modeling revealed that Am1Gly1 and 
Am2Gly2 possess structural features comparable to those 
of active drugs targeting ERα, reinforcing their potential 
for therapeutic development. Molecular docking analy-
ses indicated that Am1Gly1 interacts with key residues 
essential for functioning as a 4-hydroxytamoxifen-like 
ERα antagonist, exhibiting dynamic interactions similar 
to those observed with 4-hydroxytamoxifen. These find-
ings were supported by molecular dynamics simulations, 
which confirmed consistent amino acid variation pat-
ters over 200  ns. Additionally, binding affinity analysis, 
molecular docking, dynamic simulations, and pharma-
cophore modeling collectively supported the potential 
of Am1Gly1 as an ERα antagonist. This study was not 
accompanied by experimental validation [91].

3.1.2 � Inhibition of growth‑factor receptors signaling 
by α‑mangostin in breast cancer

HER-2 is a receptor with intrinsic tyrosine kinase activ-
ity, comprising an extracellular ligand-binding domain, 
a transmembrane domain, and an intracellular tyrosine 
kinase domain. While HER-2 does not have a known 
ligand that directly binds to it, it acts as the preferred 
heterodimerization partner for other members of the 
epidermal growth factor receptor (EGFR) family (ErbB). 
Thus, upon ligand binding to other ErbB members, 
HER-2 is recruited, leading to the autophosphorylation 
of its intracellular tyrosine kinase domains. This activa-
tion triggers the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (PKB, also known as AKT) and mito-
gen-activated protein kinase (MAPK) signaling path-
ways, which are crucial for processes closely related to 
breast tumorigenesis such as cell survival, proliferation, 
differentiation, and apoptosis [92]. Notably, treatment 
of T-47D breast cancer cells with 30 µM of α-mangostin 
resulted in reduced phosphorylation of HER-2 at the 
Tyr1221/1222 within 30  min, leading to the deactiva-
tion of RAS/RAF1/MEK/ERK and PI3K/AKT signaling 
pathways, and consequently, an anti-proliferative and 
pro-apoptotic effect (Fig. 3) [74].

Additionally, molecular docking analysis provided 
evidence that garcinone E, another prenylated xan-
thone, which differs from α-mangostin by an isoprenyl 
group at the C5 position and hydroxyl group at the C7 
position (Fig. 2), binds tightly to the EGFR and the vas-
cular endothelial growth factor receptor (VEGFR), inhib-
iting their kinase activity with IC50 values of 315.4  nM 
and 158.2  nM, respectively. Furthermore, garcinone E 
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blocks the endothelial growth factor (EGF)- and vascu-
lar endothelial growth factor (VEGF)-induced phospho-
rylation of EGFR and VEGFR, respectively. Although 
α-mangostin also binds to these receptors, it does so with 
less affinity than garcinone E. Beyond its molecular inter-
actions, garcinone E demonstrated potent anti-cancer 
activity, inhibiting cancer cell proliferation, endothelial 
cell migration, invasion, and tube formation. Its dose-
dependent suppression of angiogenesis was confirmed 
in ex vivo and in vivo models. In an MDA-MB-231 xeno-
graft model, garcinone E (2 mg/kg) significantly reduced 
tumor growth, weight, and microvessel density, correlat-
ing with downregulation of VEGFR2, EGFR, and Ki-67 
[93]. However, mangosteen rind extract (50 and 100 µg/
mL) decreased the gene expression of EGFR in MCF-7 
cells in a concentration-dependent manner [80]. In the 
TN breast cancer phenotype, EGFR is highly expressed, 
which is associated with cancer progression, prolif-
eration, metastasis, and drug resistance, making EGFR 
a promising pharmacological target [94]. Therefore, 
α-mangostin could be considered a potential compound 
for targeting this receptor.

3.1.3 � Inhibition of H1R by α‑mangostin in breast cancer
α-Mangostin has been identified as an inhibitor of the 
H1R. Specifically, it exhibits a concentration-dependent 
inhibition of [3H]mepyramine binding, a selective H1 
receptor antagonist, in rat aortic smooth muscle cells. 
Kinetic analysis indicates that α-mangostin acts as a 
competitive inhibitor of the H1R, preventing [3H]mep-
yramine from binding effectively with an IC50 value of 
2.27  µM. Scatchard plot analysis further revealed that 
[3H]mepyramine binds to a high affinity receptor site 
with a dissociation constant (Kd) of 11.72  nM and a 
maximum binding capacity (Bmax) of 275.95 fmol/mg. 
Treatment with α-mangostin increased the Kd value to 
38.02  nM, indicating reduced affinity, while the Bmax 
value remained unchanged. These findings confirm that 
α-mangostin function as a specific H1R antagonist [33] 
(Fig. 3). This is relevant because there is a direct corre-
lation between endogenous histamine levels and breast 
cancer development. In particular, higher histamine 
concentrations have been observed in tumors and adja-
cent tissue of breast cancer patients compared to the 
unaffected tissue of healthy individuals [95]. Addition-
ally, there is a significant increase in histamine levels 
in the plasma and tissues of patients with ductal breast 

Fig. 3  Antiproliferative mechanisms of α-mangostin. α-Mangostin (AM) exhibits diverse mechanisms to inhibit breast cancer cell proliferation, 
including: (1) Hormonal receptor modulation: AM reduces ERα expression and phosphorylation, increases ERβ levels, and inhibits 
estrogen-dependent gene expression. Docking studies indicate strong interactions with ERs, and derivatives of AM act as potential ER antagonists. 
(2) Blockade of growth factor receptor signaling: AM inhibits HER-2 phosphorylation and EGFR, and VEGFR binding, downregulating key oncogenic 
pathways (RAS/RAF1/MEK/ERK and PI3K/AKT). (3) Histamine H1 receptor (H1R) inhibition: AM blocks H1R, linked to tumor growth, and reduces 
breast cancer histamine levels. (4) Enzyme inhibition: AM targets aromatase, topoisomerases, DNA polymerases, Lysine-Specific Demethylase 1 
(LSD1), and fatty acid synthase (FAS), disrupting proliferation, DNA processes, and lipid synthesis. (5) Ion channel modulation: AM inhibits oncogenic 
potassium channels (KCNH1, Kv1.3, KCa3.1), calcium transport (ORAI1, Ca2+ ATPase), impacting cell signaling and viability. (6) Cell cycle modulation: 
AM induces G1-phase arrest and downregulates cyclin-CDK complexes, preventing uncontrolled cell division. Figure created using BioRender.com
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cancer. The plasma histamine concentrations in women 
with ductal breast carcinoma depend on the number 
of involved lymph nodes and the grade of histologic 
malignancy [96]. Additionally, H1R is overexpressed in 
basal-type and HER-2-enriched breast tumors, which 
correlates with a shorter overall survival [97]. This 
supports the idea that histamine and its receptors are 
involved in cell growth. Furthermore, several antihis-
tamines have been shown to inhibit breast cancer cell 
proliferation both in vitro and in vivo [98–101].

3.1.4 � Inhibition of enzymatic activities associated 
with breast cancer cell proliferation by α‑mangostin

3.1.4.1  Aromatase.  Aromatase plays a pivotal role in 
converting androgens into estrogen through aromatiza-
tion. Notably, breast cancer tissues exhibit higher levels 
of aromatase compared to healthy tissues [102]. Conse-
quently, one of the therapeutic strategies in the clinical 
practice involves aromatase inhibitors to reduce breast 
cancer growth. These inhibitors hamper the enzyme’s 
function, affecting estrogen synthesis and, consequently, 
blocking breast cancer cell proliferation. Interest-
ingly, a non-cellular, enzyme-based microsomal assay, 
revealed that garcinone D, garcinone E, α-mangostin, 
and γ-mangostin exhibited a dose-dependent aromatase 
inhibitory activity. Among these compounds, garci-
none D (IC50 = 5.2 µM) and γ-mangostin (IC50 = 6.9 µM) 
demonstrated the strongest inhibitory effects in this 
assay. In contrast, the two other xanthones, α-mangostin 
(IC50 = 20.7  µM) and garcinone E (IC50 = 25.1  µM), dis-
played moderate inhibition of aromatase activity [103] 
(Fig. 3).

3.1.4.2  DNA polymerases and  topoisomerases.  DNA 
polymerase synthesizes new DNA strands during rep-
lication, while topoisomerases I and II play critical roles 
in cutting single-stranded or double-stranded DNA 
to relieve tension during replication or transcription 
events [104]. Interestingly, α-mangostin exhibits a strong 
inhibitory effect on both DNA polymerases (IC50 values 
14.8 µM–25.6 µM) and topoisomerases I and II (15.0 µM 
and 7.5  µM, respectively). Notably, α-mangostin com-
pletely suppresses the nicking activity of topoisomerase 
I at concentrations greater than 20 µM, while at 10 µM, 
it fully inhibits topoisomerase II. Interestingly, as deter-
mined by thermal transition analysis, α-mangostin does 
not directly bind to double-stranded DNA. This sug-
gests that the decreased proliferation observed with 
α-mangostin may be partially due to the inhibition of 
these enzymes [105] (Fig. 3).

3.1.4.3  Lysine‑specific demethylase 1 (LSD1).  LSD1 is an 
enzyme that plays a crucial role in gene expression regula-
tion through histone modification. It is frequently overex-
pressed in several human cancers, including breast can-
cer, where it promotes tumor progression by supporting 
cancer cell survival and creating a pro-oncogenic environ-
ment. As a histone demethylase, LSD1 removes methyl 
groups from specific lysine residues on histone proteins, 
mainly histone H3 at lysine 4 (H3K4) and lysine 9 (H3K9). 
This chromatin remodeling process, directly influences 
transcriptional activity, either repressing or activating 
gene expression [106]. In ERα-positive breast cancer, 
LSD1 demethylates H3K9 at ERα target genes in an estro-
gen-dependent manner, facilitating transcriptional activa-
tion. This regulatory mechanism is reinforced by Proline, 
Glutamate, and Leucine Rich Protein 1 (PELP1), a co-acti-
vator that links LSD1 to ERα, forming the LSD1-PELP1-
ERα axis implicated in hormone resistance. Additionally, 
LSD1 indirectly promotes CYP19A1 expression, encoding 
aromatase, through its interaction with HER-2 signaling 
[107]. Conversely, LSD1 demethylates non-histone pro-
teins, such as p53, leading to the repression of its activ-
ity [108]. Moreover, LSD1 downregulates CDH1 expres-
sion, the gene encoding E-cadherin, which may result in 
decreased E-cadherin levels, compromising cell adhesion, 
thereby facilitating EMT, a critical step in metastasis 
[109]. This dual regulatory function underscores LSD1´s 
central role in tumor progression and endocrine resist-
ance, making it a promising therapeutic target. Regard-
ing this, α-mangostin is a specific inhibitor of LSD1, with 
an IC50 value of 2.81 ± 0.44  µM. Bioactivity studies and 
molecular docking analysis indicated that this xanthone 
could inhibit the migration and invasion of MDA-MB-231 
cells by targeting intracellular LSD1 activity. Moreover, 
α-mangostin increases the expression of the epithelial cell 
marker E-cadherin, while downregulating the mesenchy-
mal cell marker N-cadherin, indicating its potential role in 
modulating EMT [110] (Fig. 3).

3.1.4.4  FAS inhibition.  FAS is a metabolic enzyme syn-
thesizing long-chain saturated fatty acids, essential for 
membrane formation in proliferating cells. In cancer cells, 
including breast cancer, FAS overexpression leads to de 
novo lipogenesis, incorporating lipids into the lipid rafts 
of tyrosine kinase membrane receptors, such as the EGFR 
family, triggering oncogenic signaling pathways that pro-
mote cell survival, proliferation, migration, and invasion. 
Therefore, inhibiting FAS reduces phospholipid synthesis 
and cell proliferation while increasing apoptosis. Addi-
tionally, FAS inhibition can disrupt lipid raft assembly 
and impair EGFR localization to the membrane of breast 
cancer cells. Due to its extensive and high expression in 
many human cancers, FAS has been proposed as a poten-
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tial molecular target for developing antineoplastic drugs. 
In this context, α-mangostin (1–4  µM) has been shown 
to suppress the expression and activity of FAS in MCF-7 
and MDA-MB-231 cells, leading to a decreased intracel-
lular fatty acid accumulation (Fig. 3). This reduction can 
lower cell viability, induce apoptosis in breast cancer 
cells, increase levels of the Poly (ADP-ribose) polymer-
ase (PARP) activation product, and affect the balance 
between anti-apoptotic BCL-2 and pro-apoptotic BAX 
proteins [75]. Additionally, treating breast cancer cells 
with α-mangostin decreases the phosphorylation of AKT, 
which suggests that PI3K/AKT is related to the down-
regulation of FAS expression by the xanthone. A molecu-
lar docking simulation study of α-mangostin with 4PIV 
determined that different groups of α-mangostin inter-
act with several residues of 4PIV. The aromatic ring A of 
α-mangostin interacts with Leu1971 and Ile2063 through 
hydrophobic interactions. The hydroxyl groups at C1, C3, 
and C6 form hydrogen bonds with Ile 2068, Leu1971, and 
Trp2060 residues of 4PIV. The prenyl group at C2 inter-
acts with Val1973 and Ile2068 residues, while the prenyl 
group at C8 interacts with Leu1975, Tyr2034, and Leu2069 
residues through hydrophobic interactions. The methoxyl 
group at C7 interacts with Ser2021 and Gly2061 residues 
through hydrogen interactions. Additionally, ring C and 
the C = O interact with Ile2068 through hydrophobic and 
hydrogen interactions, respectively. These findings were 
supported by cell proliferation experiments, which dem-
onstrated that α-mangostin exhibited strong anti-prolif-
erative activity against breast cancer cell lines MCF-7 and 
MDA-MB-231, with IC50 values of 4.43 µM and 3.59 µM, 
respectively [19].

3.1.5 � Modulation of ion channels by α‑mangostin in breast 
cancer

The oncogenic voltage-gated potassium channel subfam-
ily H member 1 (KCNH1), encodes the Ether-à-go-go 1 
(EAG1, Kv10.1) potassium channel, which is overex-
pressed in various cancers, while inhibiting its expres-
sion or activity decreases cancer cell proliferation [111]. 
Interestingly, α-mangostin at concentrations of 3.5  µM 
and 7  µM significantly reduced KCNH1 gene expres-
sion in MCF-7 and T-47D breast cancer cells, respec-
tively [4] (Fig. 3). Additionally, it was demonstrated that 
α-mangostin decreased KCNH1 gene expression in cer-
vical cancer cells, both in  vitro and in  vivo [43]. These 
findings suggest that inhibiting KCNH1 expression could 
be another mechanism by which α-mangostin decreases 
cancer cell proliferation.

Furthermore, cytosolic calcium levels regulate cell 
growth. It has also been demonstrated that α-mangostin 
decreases the activity of Ca2+-ATPase and the calcium 
transport of the sarcoplasmic reticulum from rabbit 

skeletal muscle in a concentration-dependent manner, 
with an IC50 of 5 µM [112]. Additionally, the generation 
of intracellular calcium signaling is crucial for T-cell 
receptor stimulation and cytokine secretion. This signal-
ing is mediated by the calcium release-activated calcium 
modulator 1 (ORAI1) channel and potassium ion chan-
nels, which provide the electrical driving force to gener-
ate sufficient calcium ion influx. α-Mangostin inhibited 
ORAI1 in a concentration-dependent manner with an 
IC50 of 1.27 ± 1.144  µM, and at 3  µM, suppressed the 
activity of the voltage-dependent potassium channel 
Kv1.3 and the intermediate-conductance calcium-acti-
vated KCa3.1 by 41.38 ± 6.19 % and 51.16 ± 5.38 %, respec-
tively [113]. Noteworthy, the overexpression of Kv1.3 and 
KCa3.1 channels is also associated with aberrant cancer 
cell proliferation; indeed, the overexpression of Kca3.1 
confers radioresistance to breast cancer cells [114, 115].

Although studies on α-mangostin modulation of ion 
channels in cancer are limited, an electrophysiological 
investigation explored its analgesic effects through ion 
channels modulation in dorsal root ganglion neurons. 
Specifically, α-Mangostin (1–3 µM) influenced neuronal 
excitability by hyperpolarizing the resting membrane 
potential, likely due to an increased K+ conductance, 
which ultimately suppressed action potential generation. 
This xanthone activated TREK-1, TREK-2, and TRAAK 
channels. Additionally, at 0.43 ± 0.27  µM, α-mangostin 
inhibited capsaicin-induced TRPV1 currents and par-
tially reduced tetrodotoxin-sensitive voltage-gated Na+ 
(Nav) channel activity. Molecular docking analyses sug-
gest that α-mangostin´s oxygen atoms establish hydrogen 
bonds with these channels [116].

3.1.6 � Modulation of the cell cycle by α‑mangostin in breast 
cancer

The inhibition of cell proliferation is closely related to cell 
cycle blockade. Numerous cell cycle mediators, including 
cyclins, CDKs, and CDK inhibitors (CDKI), play a crucial 
role in controlling different phases of the cell cycle. Dis-
ruption of their balance can alter cell cycle distribution, 
finally affecting cell proliferation [117].

In this context, α-mangostin (20 µM) led to G1-phase 
cell cycle arrest in MDA-MB-231 cells by increasing 
the expression of p21, a CDK inhibitor. Additionally, 
there was a tendency for increased expression of the cell 
cycle checkpoint regulator CHEK2. This rise in p21 and 
CHEK2 expression decreased CDKs and cyclin expres-
sion, resulting in G1-phase arrest and inhibition of cell 
proliferation [77]. In another study involving MDA-
MB-231 cells, treatment with 5 µM α-mangostin resulted 
in an increased proportion of cells in the G2/M and S 
phases, while the proportion of cells in the G1-phase 
decreased. This effect was also associated with decreased 
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Cyclin D1 expression (CCND1) [70]. Similarly, treatment 
with of α-mangostin (3.5 µM and 7.1 µM) in MCF-7 and 
T-47D cells reduced CCND1 gene expression [4].

The active complex CDK4/Cyclin D1 phosphorylates 
retinoblastoma (Rb) protein, which releases the tran-
scription factor E2F and activates the expression of GI/S 
phase genes. Therefore, the up-regulation of the CDK4/
Cyclin D1-Rb pathway increases the mitogenic potential 
of neoplastic cells, contributing to resistance to endo-
crine therapy in hormone-dependent cancers, includ-
ing breast cancer. Interestingly, it has been determined, 
by a cell-free biochemical assay, that α-mangostin (IC50 
value of 8.5 µM), as well as other isoprenylated xantho-
nes, inhibited CDK4/Cyclin D1 complex, preventing the 
phosphorylation of downstream targets, therefore inhib-
iting uncontrolled cell cycle progression [22].

α-Mangostin at 1  µM, 5  µM and 10  µM resulted in a 
concentration-dependent accumulation of cells in the 
Sub-G1 phase, indicating xanthone-induced apoptosis 
in MCF-7 cells [76]. In T-47D cells, similar effects were 
observed, treatment with α-mangostin at 15  µM and 
30 µM promoted Sub-G1 phase arrest with a decrease in 
G1-phase cells [74]. Additionally, α-mangostin treatment 
at 4.36  µM and 5.23  µM significantly promoted sub-G1 
accumulation of T-47D and MBCDF cells, respectively, 
indicating cell death [3].

In BJMC3879 and BJMC3879 luc2 breast cancer 
cells, the treatment with α-mangostin 8 µM and 12 µM, 
respectively, induced cell cycle arrest in the G1 phase, 
with reduced populations in the S phase [78, 85].

3.2 � α‑Mangostin‑induced apoptosis in breast cancer cells: 
mechanism of action

Apoptosis is a tightly regulated process of programmed 
cell death characterized by morphological changes in 
cells, chromatin condensation, DNA fragmentation, and 
caspase activation. It occurs via two primary pathways: 
the extrinsic and the intrinsic pathways.  The extrinsic 
pathway is initiated by ligand binding, including Tumor 
Necrosis Factor-alpha (TNF-α), CD95L/FasL, or TRAIL 
to their corresponding death receptors on the cell sur-
face. This interaction leads to the formation of death-
inducing signaling complexes and activation of caspase-8, 
which initiates the apoptotic cascade. In contrast, the 
intrinsic pathway, or the mitochondrial pathway, is trig-
gered by cellular stress or DNA damage. This pathway 
involves mitochondrial membrane depolarization and 
is regulated by members of the BCL-2 protein family. 
Disruption of the mitochondrial membrane leads to the 
release of key apoptotic factors into the cytosol, including 
the cytochrome c, a caspase-dependent apoptotic factor, 
and Apoptosis-Inducing Factor (AIF), a caspase-inde-
pendent apoptotic factor. Both pathways converge on 

the activation of caspase-3, cleavage of PARP, DNA frag-
mentation, and, ultimately, apoptotic cell death. Apopto-
sis is regulated by a variety of signaling pathways, PI3K/
AKT, MAPK/ERK1/2, JNK1/2, and p38 play pivotal roles 
in regulating cellular fate. ERK1/2 promotes cell growth, 
survival, and differentiation, whereas JNK1/2 and p38 are 
primarily associated with apoptotic processes. The PI3K/
AKT pathway is another significant regulator of apopto-
sis, with AKT influencing key proteins such as BCL-2, 
BAX, and caspase-3 [74].

It has been demonstrated that one of the primary 
mechanisms by which α-mangostin exerts its effects 
in cancer cells is the induction of apoptosis through 
distinct pathways. The pro-apoptotic effects of 
α-mangostin has been predominantly investigated in 
the human breast cancer cell lines MCF-7, T-47D, and 
MDA-MB-231 cells, as summarized in Table 3.

In MDA-MB-231 cells, prenylated xanthones 
from mangosteen pericarp, including α-mangostin, 
γ-mangostin, and garcinone E, target mitochondria by 
inhibiting mitochondrial respiratory chain complex II. 
This inhibition disrupts oxidative mitochondrial res-
piration, increases mitochondrial proton leakage, and 
diminishes ATP production. As a result, mitochondrial 
superoxide levels rise, leading to membrane permeabi-
lization and trigger apoptosis through caspase-3 and -7 
activation. Therefore, the apoptotic effects of this xan-
thones are mediated through interference with mito-
chondrial respiration and cellular energy metabolism 
[87].

Likewise, in SK-BR-3 cells, treatment with crude 
methanolic extract (CME) from mangosteen pericarp 
(20–100  µg/mL) resulted in distinct morphological 
alterations, such as cell retraction, rounding, and mem-
brane blebbing, accompanied by the formation of apop-
totic bodies, nuclear fragmentation, and shrinkage. 
Notably, at 100 µg/mL, CME induced significant DNA 
fragmentation, further indicating its pro-apoptotic 
activity [84].

Moreover, α-mangostin induces apoptosis in addi-
tional cancer cell models through distinct mechanisms. 
In BJMC3879 murine mammary adenocarcinoma cells, 
α-mangostin increased the number of TUNEL-positive 
cells, elevated caspase activity, and reduced mitochon-
drial membrane potential [85]. At a concentration of 
12  µM for 24  h, α-mangostin triggered apoptosis in 
BJMC3879 luc2 cells by activating caspases -3, -8, and 
-9. At 48  h, a significant increase in apoptotic cells was 
observed via TUNEL assays, and α-mangostin also 
enhanced the release of cytochrome c into the cytosol 
[78].

In a general way, α-mangostin induces apop-
tosis through both caspase-dependent and 
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caspase-independent mitochondrial pathways, and is also 
associated with the modulation of signaling pathways 
involved in cell death regulation (Fig. 4).

3.3 � Mechanisms of α‑mangostin‑mediated inhibition 
of cell adhesion, invasion and metastasis in breast 
cancer

The inhibitory mechanism of α-mangostin in these 
processes include the suppression of EMT, a biologi-
cal process in which epithelial cells acquire mesen-
chymal characteristics, leading to reduced adhesion 
and enhanced migratory and invasive potential. While 
EMT plays a crucial role in embryonic development 
and wound healing, its dysregulation is closely linked to 
cancer metastasis. Another key mechanism involves the 

inhibition of FAK, a protein that regulates cell prolifera-
tion, survival, adhesion, and migration. The overexpres-
sion of FAK in cancer is associated with abnormal cell 
invasion and metastasis.

3.3.1 � Inhibition EMT in breast cancer by α‑mangostin
EMT is marked by decreased expression of E-cadherin 
and increased expression of N-cadherin and vimentin, 
along with cellular proteases. The primary mediators of 
the EMT include signaling through Tumor Growth Fac-
tor β (TGF-β), Notch, and Wnt, and is also influenced 
by the tumor microenvironment, such as hypoxia and 
differential expression of micro RNAs (miRNAs). These 
signaling mechanisms converge on transcription factors 

Table 3  Apoptotic effects of α-mangostin or mangosteen extract on human breast cancer cell lines

BAX BCL-2-associated X protein, BID BH3-interacting domain death agonist, BCL-2 B-cell lymphoma 2, AIF Apoptosis Induction Factor, MOAP-1 Modulator of Apoptosis, 
BCL-XL B-cell lymphoma-extra large, AKT Protein Kinase B, PI3K Phosphatidylinositol 3-kinase, FAS Fatty acid synthase, PARP Poly (ADP-ribose) polymerase, MCL-1 
myeloid Cell Leukemia 1, CHOP C/EBP Homologous Protein, HER-2 Human Epidermal Growth Factor Receptor type 2 enriched, c-Raf RAF proto-oncogene serine/
threonine-protein kinase, ERK 1/2 Extracellular Signal-Regulated Kinase 1 and 2

Breast cancer cell line α-Mangostin concentration Results Ref

MCF-7 1, 5, and 10 µM α-Mangostin induced chromatin condensation and apoptotic body formation, 
along with a concentration-dependent accumulation of cells in Sub-G1 phase. At 
10 µM, this apoptotic response was marked by the activation of caspasas-8, -9, and -7, 
and cleavage of PARP. This process was associated with an increase in BAX and p53 
protein levels, while BID and BCL-2 protein expression were reduced. Additionally, 
cytochrome c and AIF were released from mitochondria into the cytosol

[76]

10, 20, and 30 µM α-Mangostin induced concentration-dependent apoptotic cell death by activating 
MOAP-1, a tumor suppressor that interacts with activated BAX, promoting its oligomeri‑
zation and downregulation of BCL-XL. As a result, mitochondrial dysfunction occurs, 
followed by cytochrome c release, caspase activation, and ultimately, apoptosis

[82]

MCF-7
MDA-MB-231

1, 2, and 4 µM α-Mangostin induced a pronounced, concentration-dependent increase in PARP cleav‑
age, accompanied by downregulation of the anti-apoptotic protein BCL-2 and upregu‑
lation of pro-apoptotic BAX. Additionally, a notable decrease in phosphorylated AKT 
levels was observed. This findings suggest that the PI3K/AKT signaling pathway may be 
involved in the α-mangostin-mediated down-regulation of FAS expression. Apoptosis 
exhibited a concentration-dependent pattern, with marked increase at 4 µM

[75]

MCF-7
SK-BR-3
MDA-MB-231

5, 10, and 15 µM α-Mangostin induced PARP cleavage in a concentration-dependent manner follow‑
ing 20 h of treatment. Additionally, treatment with 10 µM α-mangostin led to a time-
dependent increase in PARP cleavage in MCF-7 cells

[70]

T-47D 15 and 30 µM Treatment with α-mangostin at 15 and 30 µM, over different time points resulted 
in pronounced DNA fragmentation and a concentration-dependent increase in the sub-
G1 cell population, rising from 3.3% in control conditions until 21% upon the highest 
treatment. At 30 µM, cells exhibited hallmark apoptotic features, including vacuolization, 
shrinkage, rounding, and chromatin condensation, accompanied by mitochondrial 
dysfunction. This apoptotic response was associated with and elevated BAX/BCL-2 ratio 
and downregulation of the anti-apoptotic protein MCL-1. Additionally, α-mangostin 
stimulated the expression of pro-apoptotic transcription factor CHOP and c-Jun, 
highlighting its capacity to modulate multiple apoptotic signaling pathways. Molecular 
events included cytochrome c release into the cytosol and activation of caspases -3 
and -9. Concurrently, α-mangostin reduced the phosphorylation of HER-2, c-Raf, ERK 1/2, 
and PI3K/AKT, while enhancing JNK1/2 and p38 phosphorylation

[74]

MDA-MB-231 20 µM α-Mangostin induced mitochondrial apoptosis by increasing the activity of caspases-3, 
-8, and -9, while reducing mitochondrial cytochrome c levels

[77]

2, 5, 10, and 15 µM α-Mangostin activated caspasa-3 in a concentration-dependent manner 
within the 2–15 µM range. It also upregulated BAX and downregulated BAD expression 
at concentration of 5–10 µM. Notably, phosphorylated AKT levels declined from 10 µM 
onward. These pro-apoptotic effects are mediated through inhibition of AKT signaling

[70]
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like Snail, Zeb, and Twist, whose differential expression 
in tumors has been shown to lead to EMT [118].

Interestingly, in MCF-7 cells, the mangosteen rind 
extract (50 and 100 µg/mL) increased the gene expression 
of E-cadherin while decreasing the levels of N-cadherin 
and Snail in a concentration-dependent manner, as well 
as inhibiting the activity of metalloproteinase-9 (MMP-
9) and reducing the migration of these cells [80], strongly 
supporting its EMT-inhibitory capacity (Table 4).

Excessive degradation of the extracellular matrix is a 
hallmark of tumor invasion and migration, often involv-
ing overexpression of MMP-2 and MMP-9. In MCF-7 
breast cancer cells, at 6  µM, α-mangostin inhibited cell 
adhesion by 61% and cell motility by 90%. Furthermore, 
α-mangostin reduced cell invasion and migration by 55% 
and 61%, respectively, by changing cell shape and reduc-
ing their invasive and migratory capacity. α-Mangostin 
antimetastatic effects are due to the inhibition of MMP-2 
and MMP-9 activity, reducing their expression at both 
mRNA and protein levels, achieving inhibition rates of 
88% for MMP-9 and 95% for MMP-3 at 6  µM. Mecha-
nistically, α-mangostin inhibits ERK phosphorylation 
and reduces the DNA binding activity of NF-kB, AP-1, 
c-Fos, and c-Jun, key transcription factors involved 

in TPA-induced MMP expression. α-Mangostin also 
increases the expression of the kinase inhibitor IkK, 
blocking phosphorylation of IkBα, which further sup-
presses MMP expression. Combining α-mangostin with 
IkK inhibitors demonstrates a synergistic reduction in 
MMP levels [79]. Additionally, α-mangostin inhibits the 
TNF-α induced NF-kB translocation into the nucleus 
[119] (Table 4).

Moreover, the Signal Transducer and Activator of 
Transcription 3 (STAT3) is a transcription factor that, 
when activated, promotes EMT by inducing the expres-
sion of EMT-related genes. STAT3 is also involved in 
various signaling pathways that contribute to breast 
cancer progression, promoting proliferation, inhibit-
ing apoptosis, supporting angiogenesis and metastasis, 
and conferring resistance to breast cancer therapy [120]. 
Interestingly, α-mangostin binds to STAT3, inhibiting 
MCF-7 and MDA-MB-231 cells migration and reducing 
their invasive capacity [83] (Table 4).

On the other hand, C-X-C- chemokine receptor type 
4 (CXCR4) plays a crucial role in cancer cell metastasis. 
The binding of chemokine stromal cell-derived factor 1 
(SDF-1 or CXCL12) to the G-protein coupled recep-
tor CXCR4 activates signaling pathways that lead to the 

Fig. 4  Antiapoptotic mechanisms of α-mangostin. The xanthone α-mangostin (AM) triggers apoptosis via the extrinsic pathway, initiated 
by ligand-receptor interactions leading to caspase-8 activation, and the intrinsic pathway, which involves mitochondrial membrane depolarization, 
cytochrome c release, and caspase-9 activation. Both pathways converge on the activation of caspase-3, cleavage of PARP, and execution 
of apoptosis. AM regulates BCL-2 family protein, downregulating BCL-2, BID, MCL-1, BCL-XL, and BAD, and upregulating BAX. Also, AM affects 
apoptosis through an independent caspase pathway, including apoptosis-inducing factor (AIF). Additionally, AM downregulates AKT and ERK1/2 
signaling while enhancing JNK1/2 and p38 phosphorylation, favoring apoptotic cell death. AM-induced apoptosis is mediated by the Modulator 
of Apoptosis 1 (MOAP-1), which interacts with activated BAX while downregulating BCL-XL. AM also increases p53 expression, targets mitochondrial 
respiratory chain complex II, inhibits oxidative mitochondrial respiration (OXPHOS), and increases ROS production. Figure created using BioRender.
com
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expression of genes involved in EMT, contributing to 
cancer cell migration, invasion, and metastasis. CXCR4 
is highly expressed in the TN breast cancer cells MDA-
MB-231, where α-mangostin, at a concentration of 
10 μM, significantly suppressed cell migration. Addition-
ally, molecular docking simulation suggested a poten-
tial interaction between α-mangostin and CXCR4 [88] 
(Table 4).

3.3.2 � Inhibition of FAK by α‑mangostin in breast cancer
Activation of FAK through phosphorylation at the 
Tyr397 active site is essential for cancer progression and 
metastasis by modulating these cellular processes. Inter-
estingly, α-mangostin (1–4 µM/24 h) disrupts FAK acti-
vation by blocking Tyr397 phosphorylation at the active 
site, thereby reducing its interaction with extracellular 
matrix-associated proteins in MCF-7 and MDA-MB-231 
breast cancer cells. Furthermore, FAK phosphorylation 
was downregulated following FAS silencing, suggesting 
that inhibiting FAS may attenuate FAK activity. Thus, the 

antimetastatic effect of α-mangostin may be associated 
with its inhibitory action on FAS [75] (Table 4 and Fig. 5).

3.4 � Antiangiogenic effects of α‑mangostin in breast cancer
Tumor angiogenesis is essential for the growth and pro-
gression of solid tumors, and the VEGF/VEGFR axis is 
a key driver this process. In mammals, the VEGF fam-
ily includes VEGF-A, VEGF-B, VEGF-C, and placen-
tal growth factor (PLGF), with VEGF-A being the most 
studied and commonly referred to as VEGF. 

The primary receptors for VEGF are VEGFR-1 and 
VEGFR-2. VEGFR-1 is involved in hematopoiesis, 
MMPs activation, and the recruitment of monocytes 
and other immune cells into the tumor microenviron-
ment. VEGFR-2 plays a central role in vasculogenesis and 
angiogenesis.

Binding of VEGF to its receptor VEGFR-2 initiates 
multiple signaling pathways that play essential roles in 
vascular function. One key pathway involves nitric oxide 
synthase (NOS), where endothelial NOS (eNOS) and 

Table 4  Mechanisms of α-mangostin inhibiting metastasis and angiogenesis in breast cancer and endothelial cells

FAK Focal Adhesion Kinase, FAS Fatty Acid Synthase, EMT Epithelial-Mesenchymal Transition, MMP Matrix Metalloproteinase; CXCR4 C-X-C Chemokine Receptor Type 
4, STAT3 Signal Transducer and Activator of Transcription 3, VEGF Vascular Endothelial Growth Factor, VEGFR-2 Vascular Endothelial Growth Factor Receptor 2, HUVEC 
Human Umbilical Vein Endothelial Cells; HUAEC Human Umbilical Artery Endothelial Cells, REC Retinal Endothelial Cells, PLCγ Phospholipase C gamma, MAPK Mitogen-
Activated Protein Kinase, ERK Extracellular Signal-Regulated Kinase; AKT Protein Kinase B, eNOS Endothelial Nitric Oxide Synthase, IκBα Inhibitor of NF-kappa-B alpha, 
IκK IκB kinase, NF-κB Nuclear Factor Kappa-light-chain-enhancer of activated B cells, AP-1 Activator Protein 1

Molecular target or mechanism Effect of α-mangostin Study type Model or cell line used Ref

EMT markers (E-cadherin, N-cadherin, Snail) Mangosteen ↑ E-cadherin, ↓ N-cadherin 
and Snail expression, reducing migration

In vitro MCF-7 [80]

MMP-2, MMP-3, MMP-9 ↓ activity and expression, reduces adhesion, 
motility, invasion, migration

In vitro MCF-7 [79, 80]

ERK/NF-κB/AP-1 (c-Fos, c-Jun) ↓ phosphorylation ERK and DNA binding 
activity of NF-kB, AP-1, c-Fos, and c-Jun, inhibits 
MMP expression

In vitro MCF-7 [79, 119]

IκK/IκBα ↑ IκK expression, blocks IκBα phosphorylation, 
further inhibits MMPs

In vitro MCF-7 [79]

STAT3 Binds and inhibits STAT3, reducing migration 
and invasion

In vitro, 
in silico

MCF-7
MDA-MB-231

[83]

CXCR4 ↓ migration through interaction with CXCR4 
(molecular docking)

In vitro, 
in silico

MDA-MB-231 [88]

FAK Inhibits Tyr397 phosphorylation, reduces inter‑
action with ECM proteins; effect linked to FAS 
inhibition

In vitro MCF-7, MDA-MB-231 [75]

VEGFR-2 (Y1175 phosphorylation) Inhibits phosphorylation, suppresses HUVEC 
and HUAEC proliferation, migration, and tubule 
formation

In vitro HUVEC, HUAEC [121]

ROS production Reduces ROS under hypoxic conditions, blocks 
VEGF-induced endothelial responses (prolifera‑
tion, migration, and tube formation)

In vitro REC (retinal endothelial cells) [122]

MAPK/ERK1/2 pathway Suppresses VEGF-induced MAPK/ERK1/2 activa‑
tion

In vitro REC [122]

VEGF protein expression Mangosteen reduces VEGF expression In vitro T-47D [123]

Tumor microvessel density Panaxanthone and α-mangostin reduce 
microvessel density in tumors

In vivo BJMC3879, BJMC3879luc2 
(murine xenografts)

[78, 85]

AKT phosphorylation (Thr308) Inhibits phospho-AKT, suggests downstream 
suppression of angiogenesis-related signaling

In vitro,
In vivo

BJMC3879, BJMC3879luc2 [78, 85]
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inducible NOS (iNOS) mediates the release of nitric 
oxide (NO), a potent vasodilator that increases vessel 
permeability. Another essential signaling pathway is the 
PI3K/AKT, where PI3K activation initiates downstream 
activation of PKB, promoting endothelial cell survival, 
proliferation, and tube formation. Additionally, activation 
of FAK pathway induces endothelial cell migration, fur-
ther promoting angiogenesis [124] (Fig.  6). Specifically, 
VEGF binding to VEGFR-2 induces phosphorylation 
at key tyrosine residues, including Y951, Y1054, Y1059, 
Y1175, and Y1214. Among these, phosphorylation of 
Y1175 is particularly important as it creates binding sites 
for phospholipase C gamma (PLCγ). This interaction 
activates the MAPK/ERK1/2 signaling pathway, conduct-
ing endothelial cell proliferation, a critical step in angio-
genesis [125].

Interestingly, α-mangostin at 10 μM inhibits VEGFR-2 
phosphorylation by targeting the Y1175 residue. This 
inhibition effectively reduces the proliferation of Human 
Umbilical Vein Endothelial Cells (HUVEC) and Human 
Umbilical Artery Endothelial Cells (HUAEC), with IC50 
values of 1.2 μM and 2.4 μM, respectively. Furthermore, 
α-mangostin inhibits HUVEC migration with an IC50 
value of 0.03  μM and suppresses tubule formation at 
concentrations of 0.6 μM and 1.2 μM (Fig. 6) [121]. ROS 
production induces VEGF expression in Bovine Retinal 

Endothelial Cells (REC) under hypoxic conditions. Nota-
bly, α-mangostin at concentrations of 1  μM, 4  μM, and 
8  μM inhibited concentration-dependent ROS produc-
tion, attenuated VEGF-induced endothelial cell hyper-
permeability, and suppressed VEGF-induced endothelial 
cell proliferation, migration, and 3D tube formation. 
Additionally, α-mangostin blocked angiogenic sprouting 
in the ex vivo aortic ring assay. Additionally, α-mangostin 
inhibited VEGF-induced phosphorylation of VEGFR-2 
and the downstream activation of MAPK/ERK1/2-sig-
nalling, which are key pathways in angiogenesis [122]. 
Moreover, it has been demonstrated that the ethanol 
pericarp extract of mangosteen, predominantly com-
posed of α-mangostin, can reduce VEGF protein expres-
sion in T47D breast cancer cells [123] (Table 4).

An in  vivo study demonstrated that panaxanthone, 
comprising approximately 80% of α-mangostin and 20% 
of γ-mangostin, exhibits both antitumoral and antian-
giogenic effects. Specifically, panaxanthone adminis-
tered at 5000  ppm in the diet of mice xenografted with 
BJMC3879 murine mammary cancer cells, significantly 
reduced microvessel density within mammary tumors, 
indicating a marked suppression of tumor angiogenesis 
[85] (Table 4).

Similarly, another study demonstrated that 
α-mangostin treatment at 10 and 20  mg/kg/day, 

Fig. 5  Mechanisms by which α-mangostin inhibits adhesion, invasion and metastasis. The α-mangostin (AM) downregulates mesenchymal markers 
(N-cadherin, vimentin, Snail) while upregulating the epithelial marker E-cadherin, counteracting EMT progression. AM suppresses TPA-induced 
expression and activity of matrix metalloproteinases (MMP-2 and MMP-9) by inhibiting ERK phosphorylation and reducing c-Fos, c-Jun DNA binding 
activity and reducing TNF-α-induced NF-κB and AP-1 nuclear translocation. AM increases IκK expression, blocking IκBα phosphorylation and further 
decreasing MMP expression. AM also inhibits STAT3 activation, reducing EMT-associated gene expression, and impairs CXCR4 signaling, inhibiting 
migration and invasion. Disrupts FAK activation by inhibiting phosphorylation. Additionally, AM downregulates FAS, which may attenuate FAK 
activity. Figure created using BioRender.com



Page 20 of 30Amador‑Martínez et al. Natural Products and Bioprospecting           (2025) 15:43 

administered via mini osmotic pumps to mice xeno-
grafted with BJMC3879luc2 cells, reduced microvessel 
density in mammary tumors [78]. The mechanism by 
which α-mangostin exerts its antiangiogenic effects may 
involve a significant decrease in phospho-AKT levels at 
Thr308 both in vitro (α-mangostin treatment at 20 μM for 
3 and 6  h) and in  vivo models, suggesting downstream 
inhibition of AKT signaling pathways [85]. Once acti-
vated, AKT phosphorylates various downstream targets 
involved in critical cellular processes such as cell prolif-
eration, DNA repair, metabolism, cell cycle progression, 
cell survival, and angiogenesis. In the context of angio-
genesis, AKT activates eNOS through phosphorylation, 
promoting nitric oxide production and facilitating angio-
genesis [126]. The inhibition of AKT phosphorylation by 
α-mangostin may also suppress eNOS activity, further 
contributing to its anti-angiogenic effects [78] (Table 4).

3.5 � Targeting PD‑L1: α‑mangostin´s potential in breast 
cancer immunomodulation

The immune checkpoint Programmed Death-Ligand 
1 (PD-L1) plays a crucial role in breast cancer, particu-
larly in the interaction between the immune system and 
cancer cells. PD-L1 is expressed on the surface of some 
cancer cells, including those in breast cancer, and binds 
to the PD-1 receptor on T cells. This interaction deacti-
vates the T cells, preventing them from attacking cancer 
cells, thus facilitating immune evasion. Besides aiding 
in immune evasion, PD-L1 also promotes tumor growth 
and progression through various mechanisms [127]. 
Given this, therapies targeting the PD-1/PD-L1 pathway 
show great promise for immunotherapy. Drugs that block 
PD-L1 or PD-1 can reactivate T cells, allowing them to 
target cancer cells.

In MDA-MB-231 breast cancer cells, which have high 
levels of PD-L1, both α-mangostin (10 µM) and the man-
gosteen pericarp ethanol extract (10 µg/mL) significantly 

Fig. 6  Antiangiogenic effects of α-mangostin in endothelial cells. α-Mangostin (AM) exerts its antiangiogenic effects through multiple mechanisms. 
AM reduces reactive oxygen species (ROS) production in hypoxic endothelial cells and decreases VEGF protein expression. It also inhibits VEGFR-2 
phosphorylation at tyrosine residue Y1175, thereby disrupting key downstream signaling pathways involved in angiogenesis. These include 
the inhibition of AKT phosphorylation, inhibiting endothelial cell proliferation, and tube formation. AM reduces vessel permeability by reducing 
endothelial nitric oxide synthase (eNOS) activity. Also, VEGFR-2 inhibition prevents MAPK/ERK1/2 activation, reducing endothelial cell proliferation. 
Additionally, AM inhibits angiogenic sprouting, endothelial cell migration, and microvessel density. These effects have been demonstrated 
in both in vitro models (HUVECs, RECs, and HUAECs) and in vivo murine xenograft models. Figure created using BioRender.com
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inhibit PD-L1 protein expression when treated for 72 h. 
In silico analysis shows that α-mangostin binds inside 
PD-L1 dimer pockets, suggesting that α-mangostin stabi-
lized the dimer form, potentially leading to PD-L1 degra-
dation [86].

3.6 � Modulation of non‑coding RNAs by α‑mangostin 
in breast cancer

The xanthone α-mangostin, also may exert antitumor 
activity by modulating non-coding RNAs (ncRNAs), 
which play essential roles in gene expression and chro-
matin structure regulation. NcRNAs, transcribed from 
the non-coding DNA in the human genome, are classified 
into long non-coding RNAs (lncRNAs) and microRNAs 
(miRNAs). LncRNAs, over 200 nucleotides in length, 
regulate transcription, influence RNA splicing and sta-
bility, and indirectly modulate miRNA activity by acting 
as molecular sponges. MiRNAs, about 22 nucleotides 
long, bind to specific mRNA sequences to modulate gene 
expression, typically affecting mRNA stability or transla-
tion. The expression of ncRNAs and miRNAs is tightly 
regulated; while their dysregulation is linked to diseases, 
such as cancer, where they act as oncogenes or tumor 
suppressors [128].

Although no studies have specifically explored the anti-
tumor role of α-mangostin in breast cancer through the 
direct modulation of lncRNAs or miRNAs, some research 
has investigated these effects in other cancer models and 
precursor lesions. In this context, a recent study inves-
tigated the antineoplastic effects of α-mangostin in oral 
submucous fibrosis, a premalignant condition charac-
terized by chronic inflammation, submucosal fibrosis, 
and myofibroblast activation. This study demonstrated 
that α-mangostin reduces myofibroblast viability with-
out affecting normal oral cells and inhibits myofibroblast 
activation, TGF-β/Smad2 signaling, and fibrosis markers 
through the suppression of LincROR, a lncRNA overex-
pressed in fibrosis [129]. This lncRNA-mediated mecha-
nism underlies the protective effect of α-mangostin in 
preventing the progression of oral submucous fibrosis to 
oral cancer.

Regarding the relationship between miRNAs and the 
antitumor effects of α-mangostin in cancer, a study con-
ducted on human pancreatic cancer MIA PaCa-2 cells 
demonstrated that α-mangostin induces autophagy 
through an AMPK/mTOR and p38-dependent mecha-
nism. Notably, a miRNA PCR array profiled 84 miR-
NAs in MIA PaCa-2 cells following treatment with 
α-mangostin. Most miRNAs were found to be downreg-
ulated, such as miR-18a, while two, miR-146a and miR-
302c, were up-regulated by more than twofold. TaqMan 
assays further corroborated the reduced expression of 
miR-18a [130].

Two additional studies conducted in colon cancer 
cells have investigated the role of α-mangostin as a sig-
nificant modulator of miRNA expression. In human 
colon cancer DLD-1 cells, treatment with α-mangostin 
reduced cell viability by promoting apoptosis. Fur-
thermore, when combined with conventional chemo-
therapeutic agents such as 5-fluorouracil, α-mangostin 
enhanced growth inhibition in these cells. Notably, 
α-mangostin increased the levels of miR-143, a miRNA 
known to negatively regulate Erk5, a key member of 
the MAPK family involved in cell proliferation and 
survival [131]. In a separate study, Kumazaki et  al. 
explored therapeutic strategies to overcome resistance 
to tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) in DLD-1 cells and cancer stem-like 
breast epithelial MCF10A cells. They identified that 
the expression of death receptor 5 (DR5) is critical for 
TRAIL sensitivity. Remarkably, α-mangostin reversed 
TRAIL resistance by upregulating DR5 through the 
downregulation of miR-133b, a negative regulator of 
DR5 expression [132].

Overall, these studies underscore the potential sig-
nificance of miRNAs in the antitumor mechanisms of 
α-mangostin and emphasize the need for further research 
in this promising yet underexplored area.

4 � α‑Mangostin as an adjuvant of conventional 
therapies in breast cancer

In breast cancer, the antineoplastic effects of α-mangostin 
have been evaluated in combination with doxorubicin, 
5-fluorouracil and tamoxifen, modifying its efficacy and 
metabolism. In MCF-7 cells, the ethanolic extract of 
mangosteen, combined with doxorubicin, increases the 
cytotoxic activity of the chemotherapeutic agent, which 
could be related to the induction of apoptosis in neoplas-
tic cells and the inhibition of P-glycoprotein expression 
[133]. Another study reported that in spheroids formed 
by MCF-7 cells, the combination of α-mangostin and 
doxorubicin resulted in significant cytotoxicity and nota-
ble inhibition of retinaldehyde-dependent aldehyde dehy-
drogenase (RALDH) isoenzyme activity, which suggests 
that this combination could be effective in reducing cell 
stemness [2]. Furthermore, it has been determined that 
α-mangostin synergizes the antineoplastic effect of the 
chemotherapeutic agent 5-fluorouracil in breast cancer 
cells with different phenotypes, allowing for a dose reduc-
tion [3]. Additionally, in MCF-7 and T-47D breast cancer 
cells, the combination of α-mangostin with 4-hydroxy-
tamoxifen not only promoted a synergistic antiprolifera-
tive effect but also allowed for a dose-reduction of both 
compounds. Moreover, this combination inhibited, to a 
greater extent, the gene expression of KCNH1, CCND1, 
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and BIRC5 (survivin), markers of oncogenesis, cell cycle 
progression, and inhibition of apoptosis, respectively [4].

5 � Antitumor effects of α‑mangostin in breast 
cancer murine models

Panaxanthone inhibited tumor growth and metastasis 
in a mouse model of breast cancer. BJMC3879 cells, a 
mammary adenocarcinoma cell line highly metastatic 
to the lungs and lymph nodes with p53 mutation, were 
subcutaneously (s.c.) inoculated into mice, generating 
tumors two weeks later. Treatment began at 8  weeks 
with 2500  ppm and 5000  ppm of panaxanthone. At 
2500  ppm, tumor growth and lung metastasis multi-
plicity were inhibited, with a greater effect observed at 
5000 ppm. The antitumor effects of panaxanthone were 
associated with increased apoptosis, inhibition of cell 
proliferation (inhibition of PCNA), and anti-angiogen-
esis (reduced microvasculature density) [85].

In another mouse model study, BJMC3879luc2 cells 
were s.c. xenografted (2.5 million/0.3 mL of PBS). Three 
weeks later, with tumor diameters between 0.4 and 
0.6  cm, mice were treated with 0, 10 or 20  mg/kg/day 
of α-mangostin via mini osmotic pumps for 6 weeks. Αt 
a dose of 20 mg/kg, α-mangostin decreased tumor vol-
ume and metastasis to lymph nodes, increased apop-
totic cell death, elevated expression of active caspase-3 
and -9, and reduced microvasculature density, cell 
migration via lymphatic vessels, and phosphorylation 
of AKT [78].

It is widely acknowledged that chronic inflammation, 
induced by factors such as infections, obesity, and genetic 
mutations, promotes immunosuppression and contrib-
utes to cancer progression as well as aging-related meta-
bolic disorders [134]. A study found that α-mangostin 
reduces pro-inflammatory cytokines and chemokines 
in mice, alleviating adiposity, hyperlipidemia, and insu-
lin resistance. It also reduced macrophage content 
and shifted their polarization, protecting against liver 
injury by suppressing miRNA-155-5p secretion, making 
α-mangostin a promising candidate for treating inflam-
mation and aging-related metabolic disorders [135].

In a study using the rat LA7 mammary adenocarci-
noma cells model, cells were injected into the mammary 
fat pads of Sprague–Dawley rats (2.0 million/0.1  mL). 
Ten days post-implantation, the rats were treated orally 
via gastric tube with 30 and 60  mg/kg of α-mangostin 
(from Cratoxylum arborescens) dissolved in Tween 20 
and s.c. with 10 mg/kg of tamoxifen dissolved in the same 
vehicle. Tumors in the control group grew rapidly, reach-
ing an average volume of 1737 ± 563 mm3 by day 28. In 
contrast, groups treated with 30 mg/kg and 60 mg/kg of 
α-mangostin showed a significant reduction in tumor 
volume compared to the control group, with 60  mg/kg 

of α-mangostin resulting in a greater reduction. Specifi-
cally, α-mangostin at 30 mg/kg reduced tumor volume by 
74.1%, while the highest inhibition of 79.2% was observed 
with 60  mg/kg. For comparison, tamoxifen at 10  mg/kg 
decreased tumor volume by 83.6% [119].

Using the same rat breast cancer model, it was found 
that α-mangostin not only protects the rat mammary 
gland from the tumorigenic effects of LA7 cells by 
increasing apoptosis and suppressing proliferation (as 
shown by reduced PCNA and increased p53 expression), 
but also induces antioxidant effects and lowers the serum 
levels of the cancer biomarkers Carcinoembryonic Anti-
gen and Cancer Antigen 15–3 [136].

6 � Clinical trials involving mangosteen
To present date, no clinical trials investigating mango-
steen products as anticancer agents have been conducted. 
Instead, most clinical trials have focused on evaluating 
their anti-oxidant, anti-inflammatory and anti-obesity 
effects, as well as their impact on neurological disorders, 
safety, and tolerability [137–142].

6.1 � Safety, bioavailability, antioxidant 
and anti‑inflammatory effects of mangosteen

Few studies have been developed to determine the 
absorption, bioavailability, antioxidant, and anti-inflam-
matory effects of mangosteen product consumption, as 
shown in Table 5.

An additional clinical trial determined that the oral 
consumption of mangosteen pericarp polar extract cap-
sules (220–280  mg/day) by healthy subjects is safe for 
up to 24 weeks without liver or kidney dysfunction and 
exhibited antioxidant effects [148]. In a clinical trial 
involving patients with acute exacerbation of chronic 
obstructive pulmonary disease, the addition of man-
gosteen pericarp extract (1100  mg/twice a day) during 
hospitalization was safe and significantly decreased the 
plasma levels of interleukin (IL)-6 and malondialdehyde, 
shortening the length of stay [149].

7 � Adverse effects of α‑mangostin both in vitro 
and in vivo

Regarding the antiproliferative effects of α-mangostin in 
non-neoplastic cell lines, it was demonstrated that the 
xanthone exhibits cytotoxicity against the monkey kidney 
tissue-derived Vero cell line, with a half-maximal cyto-
toxic concentration (CC50) of 7.5 ± 0.04 µM [19]. Another 
study also found that α-mangostin inhibited Vero cell 
proliferation with an IC50 value of 14.26 µM [74].

Interestingly, a study demonstrated that treating iso-
lated rat platelets with α-mangostin (1–10  μM) inhib-
ited platelet aggregation in a concentration-dependent 
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manner and induced platelet shape changes; while at 
higher concentrations (25 and 50  µM), α-mangostin 
caused platelet lysis [150].

Unfortunately, in  vitro studies have shown that 
α-mangostin exhibits hemolytic activity in rabbit 
red blood cells (red blood cells volume/volume of 
α-mangostin at 4%) and human blood (α-mangostin 
at 100  µg/mL, equivalent to 242.62  µM), as indicated 
by the amount of hemoglobin released from eryth-
rocytes [151, 152]. While this effect has only been 
observed in  vitro, it is mitigated by encapsulating 
α-mangostin into nanoparticles [153]. To our knowl-
edge, such an effect has not been reported with in vivo 
administration.

On the contrary, some in  vivo studies did not report 
adverse effects. For instance, the consumption of a 
diet containing 845  mg/kg of α-mangostin showed no 
adverse effects in mice [154]. However, a pharmacoki-
netic study in ICR mice determined that the lethal dose 
(LD50) for intraperitoneal administration of α-mangostin 
is 150  mg/kg and 231  mg/kg for mangosteen extract 
[155]. In a murine model of colitis induced by dextran 
sulfate sodium administration to C57BL/6 J mice, dietary 
administration of α-mangostin (900  mg of α-mangostin 
per kg of diet) exacerbated the condition. The treated 
mice exhibited greater colonic inflammation and injury 
in the colon compared to the control group, along with 
intestinal dysbiosis and other signs [156]. In general, in 
clinical trials no side effects have been reported; however, 
in a case report described in 2008, a 58-years-old patient 
showed severe lactic acidosis associated with mango-
steen juice consumption during the last 12 months as a 
dietary supplement to lose weight. The medical history 
of the patient included pulmonary sarcoidosis, metabolic 
syndrome, and chronic kidney disease [157].

It is important to note that all signs and symptoms of 
adverse effects depend on the concentration or dose of 
α-mangostin, as well as on the administration route.

8 � Conclusion
α-Mangostin, an accessible natural antineoplastic com-
pound derived from the mangosteen tree, represents a 
promising treatment option for breast cancer, whether 
used independently or alongside conventional therapy, 
as supported by numerous preclinical studies. The vari-
ety of mechanisms of action associated with α-mangostin 
makes it a powerful therapeutic alternative; however, 
much remains to be studied, including its in vivo effects 
in carefully-designed randomized controlled trials. 
These trials are urgently needed, as none have been con-
ducted on breast cancer so far. Besides helping to deter-
mine α-mangostin therapeutic efficacy, clinical trials will 

outline the adverse effects derived from α-mangostin 
administration, allowing to define the adequate dose and 
administration route.
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