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ABSTRACT 
Xanthones from the mangosteen are a collection 

of bioactive compounds derived from the Garcinia 
mangostana L. The fruit of the mangosteen has been 
widely studied for its medicinal properties with 
multiple reports describing its anticancer properties. 
Despite recent advancements in treatment of prostate 
cancer, therapeutic resistance driven by the AR-V7 
splice variant remains a significant challenge. This 
review elucidates the ability of mangosteen 
xanthones to exhibit anti-proliferative and apoptotic 
activity in prostate cancer models. Mechanistic 
studies reveal that α-mangostin, the most abundant 
xanthone in the mangosteen, induce degradation of 
both AR, AR mutant and AR-V7 helping to 
overcome therapeutic resistance. Studies show that 
this AR and AR-V7 degradation is associated with 
modulation of ER chaperone protein BiP, leading to 
ubiquitination and proteasomal degradation. α-
Mangostin has been shown to activate UPR sensor 
proteins including PERK, IRE1 and CHOP. Beyond 
the AR signaling pathway, α-mangostin has been 
reported to inhibit tumor progression, induce cell 
cycle arrest, and promote apoptosis via inhibition of 
cyclin-dependent kinases (CDKs). Preclinical animal 

studies highlight the efficacy and safety profile of α-
mangostin demonstrating prostate tumor inhibition 
without adverse toxicity on normal cells. 
Pharmacokinetic parameters indicate that α-
mangostin is well tolerated and safe in both 
preclinical and human clinical trials. In summary, 
understanding the mechanism of action and 
identifying direct molecular target of α-mangostin is 
important for development of novel anti-cancer 
agents and further clinical studies are required to 
evaluate its efficacy in chemotherapy.  

1. Introduction  
Mangosteen (Garcinia mangostana L.) is a 

tropical tree belonging to the Clusiaceae family 
native to Southeast Asia.  This evergreen tree species 
is widely distributed across Indonesia, Myanmar, 
Thailand, Malaysia, Sri Lanka, India, and the 
Philippines.  The fruit consists of a white internal 
pulp surrounded by a dark purple rind also known as 
an exocarp (Figure 1).  The white edible portion is 
noted for its sweet flavor and pleasant aroma.  This 
seasonal fruit is produced typically in the fall season 
beginning in August.  Ethyene production leads to 
rapid ripening and hardening of the pericarp.  During 
this process the pericarp turns dark purple while the 
aril or fruit pulp ripens, becoming soft and juicy 
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(Ovalle-Magallanes et al., 2017). Traditional uses 
can be traced back at least 200 years that include 
infusions and decoctions of the peels and seeds to 
treat gastrointestinal and urinary tract infections, 
anti-scorbutic, laxative, anti-fever agent (Wang et al., 
2017). Modern uses include treating diarrhea, 
abdominal pain, fever, inflammatory and 
immunological diseases including arthritis (Wang et 
al., 2017). Notably, the majority of these beneficial 
compounds are found in the fruit's pericarp, the thick 
outer rind, which has been reported to exhibit 
antioxidant activity 20 times higher than that of the 
fruit’s edible flesh (Oh et al., 2020). These benefits 
are attributed to the phytochemicals known as 
xanthones with estimates suggesting the pericarp has 
20 times higher antioxidant activity than the edible 
portion.  

 
 

The historical and more recent scientific analysis 
of the mangosteen has expanded the mangosteen 
market for overall health and wellness  (Insights, 
2025). In 2024 the global mangosteen market was 
estimated to be between $406 million USD with 
projection to exceed $700 million USD by 2035. The 
United States and Canada account for nearly 31% of 
the global mangosteen market.  Approximately only 
30% of the fruit is edible with approximately 
240,000 tons of by products that same year.  These 
by products contain a rich source of compounds that 

have health promoting properties (Oh et al., 2020).  
These benefits are attributed to the phytochemicals 
known as xanthones with estimates suggesting the 
pericarp has 20 times higher antioxidant activity than 
the edible portion. 

The phytochemicals present in the mangosteen 
that received the most interest for their health 
promoting properties are isoprenylated xanthones.  
These secondary metabolites are distributed 
throughout all parts of the plants; however, they are 
most abundant in the pericarp surrounding the edible 
portion (Aizat et al., 2019). More than 70 xanthones 
have been isolated and identified from the 
mangosteen plant. The structure consists of a flat 
planar molecule that includes a tricylcyclic aromatic 
ring with different functional groups attached to the 
A and C rings including methoxy, hydroxyl, and 
isoprenyl groups.  More recent studies have focused 
on α-mangostin, the most abundant xanthone in the 
mangosteen, along with several others that include β-
Mangostin, γ-mangostin, garcinone D and E, and 
gartanin (Figure 2). 

 

2. Prostate cancer  
Prostate cancer (PCa) is one the most diagnosed 

cancer in men worldwide, with estimation of more 
than 1.46 million new diagnosis and 375,000 death 
every year (Kratzer et al., 2025, Schafer et al., 2025). 
Androgen receptor (AR) is a key driver in 
progression and development of prostate cancer (Dai 
et al., 2023). AR is a ligand dependent transcription 
factor comprising of N-terminal domain (NTD), a 
DNA-binding domain (DBD), and a hinge region, 
and a ligand binding domain (LBD). In normal 
prostate cells, testosterone is converted to 5α-
dihydrotestosterone (DHT), and when DHT binds 
with AR, it triggers conformational change that 
allows AR to translocate from cytoplasm to the 
nucleus with the help of chaperone proteins 
including heat shock proteins (HSPs). In the nucleus, 
AR dimerizes and binds with androgen response 
elements (ARE) in the promoter site of target genes, 
promoting the transcription of AR target genes 
including prostate specific antigen (PSA), KLK3, 
TMPRSS2 (Dai et al., 2023, Li et al., 2025).  

Figure 1. Mangosteen fruit (Garcinia mangostana) 
photographed in Bankgkok, Thailand.   
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Androgen deprivation therapy (ADT) is the first line 
treatment for prostate cancer.  However, the response 
to ADT is not effective followed by recurrence of 
castration-resistant prostate cancer (CRPC). AR is 
frequently overexpressed in CRPC despite castrate 
level of serum testosterone (Nishiyama et al., 2004). 
The development of second-generation anti-
androgens including enzalutamide as a competitive 

inhibitor that binds to AR (Tran et al., 2009). 
Similarly, development of abiraterone acetate as an 
irreversible inhibitor of CYP17A1, which is a 
precursor for potent androgen biosynthesis was a 
pivotal milestone in the development of AR targeting 
agents (Haidar et al., 2003). Despite translational 
success of second-generation anti androgens, 
eventually most patients experienced prostate cancer 
progression and therapeutic resistance. Investigation 
into the resistance mechanism of primary AR 
targeted therapies as well as in CRPC, led to 
identification of point mutation (T878A) in the LBD 
of AR. Collectively, studies have shown that 
therapeutic resistance with second generation anti 
androgens led to somatic AR mutations in LBD 
including T878A, F877L, L702H and are present in 
~15-20% of CRPC cases (Veldscholte et al., 1990, 
Robinson et al., 2015, Conteduca et al., 2017). 
Another mechanism implicated in CRPC as well as 
abiraterone and enzalutamide resistance is 
expression of AR splice variants (ARVs) (Nakazawa 
et al., 2014, Ware et al., 2014). 39% of patients 
treated with enzalutamide and 19% of patients 
treated with abiraterone had detectable AR-V7 in 
circulating tumor cells (Antonarakis et al., 2014). 
Most of the current AR targeted therapies act directly 
binding to the LBD and thus do not act on ARVs 
without LBD. Targeting other AR domains has been 
attractive strategy, including development of NTD 
inhibitors. EPI-506 is a covalent NTD inhibitor and 
was in phase I clinical trials of patients with mCRPC 
resistant to second-generation anti-androgens, 
however attributed to poor bioavailability (Maurice-
Dror et al., 2022). These therapeutic limitations have 
shifted focus toward protein degradation strategies. 
Proteolysis-targeting chimera (PROTAC) consisting 
of heterobifunctional molecules containing ligand 
that binds to target protein and a second ligand that 
recruits E3 ligase for proteasomal degradation. 
Several small molecule PROTAC has been 
developed to target AR and AR-V7, however only 
one PROTAC drug MTX-23 has been developed for 
targeting AR-V7. But still effectiveness of MTX-23 
(DC50 ≈ 2 µM for AR) is much less effective than 
AR-FL PROTAC drugs (DC50 <1 nM for AR), could 
be because of AR DBD protein structure (Lee et al., 

ɑ-mangostin β-mangostin 

γ-mangostin 3 -isomangostin 

gartanin 8-deoxygartanin 

garcinone C garcinone D 

9-hydroxycalabaxanthone 

Figure 2. Selected xanthones from the mangosteen 
(Garcinia mangostana). 
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2021). However, there is still an unmet need for 
compounds that target AR-V7.  
 

2.1 Natural products and prostate cancer 
Natural products consist of chemically diverse 

and plethora of bioactive compounds, which 
provides unique opportunities in discovering novel 
compounds that promote AR and AR-V7 
degradation. Several natural products have been 
identified to degrade AR protein via ubiquitination 
and proteasome-mediated degradation leading to 
disruption of AR downstream transcriptional factors 
(Tan et al., 2022). Celastrol, a naturally derived 
bioactive compound from Triptergium wilfordii have 
been reported to recruit the ubiquitin ligase UBE3A 
and promote the degradation of AR, AR-V7 and 
glucocorticoid receptor (GR) to suppress PCa growth 
and development. Further, data showed that celastrol 
facilitates the direct interaction between UBE3A and 
AR/AR-V7 to promote AR ubiquitination (Tan et al., 
2022). Previously, celastrol was reported as an 
HSP90 inhibitor that induced disruption of HSP90 
complex (Chadli et al., 2010). Nobiletin, a 
polymethoxylated flavonoid derived from the peel of 
citrus fruits exerted anti-prostate cancer activity via 
inducing G0/G1 phase arrest and enhanced the 
enzalutamide sensitivity in AR-V7 positive PCa 
cells. This effect involved interactions between AR-
V7 and two deubiquitinases USP14 and USP22 (Liu 
et al., 2021). Rutaecarpine, a novel compound 
isolated from Chinese medicine Evodia rutaecarpa 
have shown to induce AR-V7 degradation via K48-
linked ubiquitination. Mechanistically, rutaecarpine 
induces formation of AR-V7-GRP78 complex which 
subsequently recruits E3 ligase SIAH2 to promote 
ubiquitination of AR-V7 (Liao et al., 2020). 

  
2.2 Mangosteen xanthones and Prostate 

cancer  
Our previous studies have shown that α-

mangostin, a most abundant xanthone from 
mangosteen decreased PCa cell viability in androgen 
dependent (LNCaP cells), androgen independent and 
androgen sensitive (22Rv1 cells), androgen 
independent (DU145 and PC3 cells) (Johnson et al., 
2012). Interestingly, we found that α-mangostin 

treatment promoted ER stress markers in PCa cells 
including PERK, IRE1, CHOP and XBP-1. 
However, we did not observe increased ER stress in 
normal prostate epithelial cells (Li et al., 2013, Li et 
al., 2014). Furthermore, we have shown that α-
mangostin promotes apoptosis in PCa cells and 
inhibits nuclear translocation. We observed 
significant decrease in the expression of AR target 
genes including FOXA1, KLK2, TMPRSS2, 
HOXB13, and EDN2 in 22Rv1 cells. Interestingly, 
we found that α-mangostin induced AR and AR-V7 
degradation promoting ubiquitination and 
proteasome-mediated degradation. Mechanistically, 
we found that α-mangostin induced AR mutant and 
AR-V7 degradation via activation of ER chaperone 
protein BiP (Binding Immunoglobulin Protein). SPR 
analysis showed that α-mangostin directly bind to 
BiP, and BiP is the direct molecular target. We 
showed that α-mangostin decreased AR and AR-V7 
protein expression and AR target genes in tumor 
tissue samples (Nauman et al., 2023). One of the 
studies with mangosteen fruit extract (MFE) showed 
that it induced apoptosis in prostate cancer cells and 
significantly increased the Unfolded protein 
response (UPR) pathway compared to α-mangostin 
(Li et al., 2013). We were further interested to 
explore if other xanthones in MFE could have 
potential anti-prostate cancer activity. Gartanin, is an 
isoprenylated xanthone that have shown to promote 
AR degradation along with modulation of ER stress 
markers including BiP, PERK, IRE1 and CHOP. 
Utilizing cell free and cell-based FRET assays, we 
found that gartanin interacted with the ligand-
binding domain through a solely antagonist 
interaction (Li et al., 2016).   

The discovery of α-mangostin, natural product 
that can degrade both AR and AR-V7 by modulating 
ER chaperone BiP protein provides a new therapeutic 
strategy to treat advanced prostate cancer. BiP, also 
known as glucose-regulated protein 78kD (GRP78) 
is a multifunctional protein with several roles beyond 
its well-known role in UPR pathway. BiP is mainly 
located in the ER, however it is known to translocate 
to other cellular compartments including cytoplasm, 
nucleus, cell surface, mitochondria and secreted in 
cellular fluid (Casas, 2017). As an ER chaperone 
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protein, BiP modulates AR signaling, promotes cell 
survival and contributes to chemotherapy or 
castration resistance. BiP expression is upregulated 
in metastatic CRPC based on in vitro and patient data 
(Pootrakul et al., 2006). Activation of AR by DHT 
potently activated BiP expression in both LNCaP and 
LNCaP-CR cells (Tan et al., 2011).  This indicates 
that AR activation enhances ER stress protein BiP 
expression in both cytoplasm and cell membrane 
contributing to AR stability and therapeutic 
resistance. Though BiP upregulation in untreated 
cancer has adaptive mechanism that maintains 
AR/AR-V7 folding and promotes cells survival. In 
contrary, natural products including α-mangostin 
shift pro-survival state of BiP into pro-apoptotic 
state. Under these conditions, BiP could not maintain 
AR/AR-V7 stability, and eventually activates UPR 
pathway including PERK, IRE1 and CHOP which 
has been shown by our group earlier (Li et al., 2013). 
Further, our study has shown that α-mangostin 
induces AR and AR-V7 degradation by enhancing 
ubiquitination of AR and AR-V7 and induces 
degradation via proteasome (Nauman et al., 2023). 
This study highlights that therapeutically induced ER 
stress can switch BiP function and eventually 
promoting degradation. 

  
3. Mangosteen xanthones and Cyclin-

dependent kinases  
Despite advancement in development of second-

generation anti-androgens, prostate cancer is a 
second leading cause of cancer-related death in men 
in United States. Studies have shown that there is a 
growing interest in targeting and identifying new 
molecular pathways in therapeutic resistance 
prostate cancer. One of the keys signaling pathways 
often dysregulated in several cancers, including drug 
resistance prostate cancer is cyclin-dependent 
kinases (CDKs). CDKs is a family of 
serine/threonine kinases, and its dysregulation has 
been implicated in cancer initiation, progression, and 
growth. There are 20 known CDK families, and 
among them CDK1, CDK2, CDK3, CDK4, CDK6 
and CDK7 are involved in cell cycle progression 
(Farjami et al., 2025, Siskin et al., 2025). Among 
them, CDK2/4/6 inhibitors either monotherapy or in 

combination has been studied in metastatic 
castration-resistant prostate cancer (mCRPC) 
(Freeman-Cook et al., 2021, de Kouchkovsky et al., 
2022, Merseburger et al., 2022, Siskin et al., 2025). 
However, different mechanisms of resistance of 
these CDK4/6 inhibitors have led to active search of 
novel therapeutics. Our group conducted a structure 
activity relationship (SAR) using nine different 
xanthones isolated from mangosteen for inhibition of 
CDK2/Cyclin E1 and CDK4/Cyclin D1 activity. 
Nine xanthones including α-mangostin, β-
mangostin, γ-mangostin, gartanin, 8-desoxygartanin, 
garcinone C and garcinone D, 9-
hydroxycalabaxanthone, and 3-isomangostin were 
utilized in a cell free biochemical assay. Among 
them, α-mangostin was shown to inhibit 
CDK4/Cyclin D1 and a key functional group 
differences for the CDK4/Cyclin D1 inhibitory 
activity was explained. Similarly, α-mangostin and γ-
mangostin were strongest CDK2 inhibitor with 
hydroxyl and isoprenyl groups contributing to the 
CDK2 inhibitory effect (Johnson et al., 2012, Vemu 
et al., 2019, Nauman et al., 2021).  

 
4. Pharmacokinetics and efficacy of α-

mangostin 
There are limited studies on the pharmacokinetic 

profile of α-mangostin. Our group conducted 
pharmacokinetic study of α-mangostin in male 
C57BL/6 mice (Ramaiya et al., 2012). A single dose 
of 100 mg/kg of α-mangostin in cottonseed oil was 
administered and level of α-mangostin was detected. 
Previously we have reported the area under curve 
(AUC) was 5,736 nmol/L and the plasma 
concentration was 1,382 nmol/L. Monoglucuronide 
and diglucuronide metabolites of α-mangostin were 
detected in the plasma sample. Our group was 
interested in determining pharmacokinetic properties 
of α-mangostin when administered as a part of a 
mangosteen fruit extract. C57BL/6 mice were orally 
administered with 100 mg/kg of mangosteen fruit 
extract, which is equivalent to 36 mg/kg of pure α-
mangostin. The plasma samples were analyzed for 
over 24 h and the α-mangostin in mangosteen extract 
showed an 75% increase in Cmax, 25% increase in 
AUC and 64% increase in half-life (t1/2) compared to 
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pure α-mangostin. The pharmacokinetics as well as 
absorption and stability of α-mangostin was 
improved when administered as a mangosteen 
extract (Petiwala et al., 2014).  

Pharmacokinetics of α-mangostin were reported 
in rats with α-mangostin (1.025, 4.100 and 16,400 
mg/kg) administered both intravenously and orally. 
α-Mangostin was rapidly absorbed followed by 
slower elimination for both intravenous and oral 
routes, showing linear pharmacokinetics. When 16.4 
mg/kg was administered orally, there was high 
accumulation in liver, small and large intestines, 
lungs, kidneys, and fat. α-Mangostin was also 
detected in brain homogenates, suggesting oral 
administration of α-mangostin could cross the blood 
brain barrier (BBB) (Zhao et al., 2016, Kalick et al., 
2023). 

The study in healthy human volunteers with 
consumption of 130 mg of xanthones in 60 mL of 
100% mangosteen juice showed that both serum and 
urine contained both free and sulfated/ 
glucuronidated xanthones. These xanthones included 
α-mangostin, γ-mangostin, garcinone D, garcinone 
E, 8-deoxygatanin, and gartanin. Among 10 healthy 
volunteers, the variability difference was observed in 
measured Cmax (113 ± 107 nmol/L) and Tmax 
(3.7 ± 2.4 h) (Chitchumroonchokchai et al., 2012).   

 
CONCLUSION 

In summary, mangosteen xanthones, particularly 
α-mangostin and gartanin showed anti-prostate 
cancer activity by decreasing cell viability, 
promoting apoptosis, and arresting the G1 cell cycle 
through inhibition of CDK2/Cyclin E1 and CDK4 
pathways. α-Mangostin induced AR and AR-V7 
degradation via activation of BiP and UPR stress 
proteins including PERK, IRE1, ATF6 and CHOP. 
Preclinical studies showed in vivo efficacy of α-
mangostin in their ability to reduce tumor and 
decrease AR mutant and AR-V7 expression. 
However, there is limited study with 
pharmacokinetics parameters of α-mangostin and 
other mangosteen xanthones including solubility and 
systemic exposure. Future studies could focus on 
combination therapy of α-mangostin with standard 
anti-androgens therapy, exploring other mangosteen 

xanthones for AR and AR-V7 degradation, and 
define if BiP is the direct molecular target of α-
mangostin by mapping its binding site linking BiP’s 
direct engagement in AR and AR-V7 degradation.  

 
Conflicts of interest 
The authors do not declare any conflicts of 

interest. 
 

ACKNOWLEDGEMENTS 
This research is supported by an NIH MERIT 

award (R37CA227101) to Johnson JJ. 
 

REFERENCES 
Aizat, W. M., Jamil, I. N., Ahmad-Hashim, F. H. 

and Noor, N. M. 2019. Recent updates on 
metabolite composition and medicinal benefits 
of mangosteen plant. PeerJ 7: e6324. 

Antonarakis, E. S., Lu, C., Wang, H., Luber, B., 
Nakazawa, M., Roeser, J. C., Chen, Y., 
Mohammad, T. A., Chen, Y., Fedor, H. L., 
Lotan, T. L., Zheng, Q., De Marzo, A. M., 
Isaacs, J. T., Isaacs, W. B., Nadal, R., Paller, C. 
J., Denmeade, S. R., Carducci, M. A., 
Eisenberger, M. A. and Luo, J. 2014. AR-V7 
and resistance to enzalutamide and abiraterone 
in prostate cancer. N Engl J Med 371: 1028-38. 

Casas, C. 2017. GRP78 at the Centre of the Stage in 
Cancer and Neuroprotection. Front Neurosci 11: 
177. 

Chadli, A., Felts, S. J., Wang, Q., Sullivan, W. P., 
Botuyan, M. V., Fauq, A., Ramirez-Alvarado, 
M. and Mer, G. 2010. Celastrol inhibits Hsp90 
chaperoning of steroid receptors by inducing 
fibrillization of the Co-chaperone p23. J Biol 
Chem 285: 4224-4231. 

Chitchumroonchokchai, C., Riedl, K. M., 
Suksumrarn, S., Clinton, S. K., Kinghorn, A. D. 
and Failla, M. L. 2012. Xanthones in 
mangosteen juice are absorbed and partially 
conjugated by healthy adults. J Nutr 142: 675-
80. 

Conteduca, V., Wetterskog, D., Sharabiani, M. T. A., 
Grande, E., Fernandez-Perez, M. P., Jayaram, 
A., Salvi, S., Castellano, D., Romanel, A., Lolli, 
C., Casadio, V., Gurioli, G., Amadori, D., Font, 



Thapa and Johnson, α-Mangostin from the mangosteen (Garcinia mangostana) fruit for prostate cancer 

 68 

A., Vazquez-Estevez, S., González Del Alba, A., 
Mellado, B., Fernandez-Calvo, O., Méndez-
Vidal, M. J., Climent, M. A., Duran, I., 
Gallardo, E., Rodriguez, A., Santander, C., Sáez, 
M. I., Puente, J., Gasi Tandefelt, D., Wingate, 
A., Dearnaley, D., Demichelis, F., De Giorgi, U., 
Gonzalez-Billalabeitia, E. and Attard, G. 2017. 
Androgen receptor gene status in plasma DNA 
associates with worse outcome on enzalutamide 
or abiraterone for castration-resistant prostate 
cancer: a multi-institution correlative biomarker 
study. Ann Oncol 28: 1508-1516. 

Dai, C., Dehm, S. M. and Sharifi, N. 2023. 
Targeting the Androgen Signaling Axis in 
Prostate Cancer. J Clin Oncol 41: 4267-4278. 

De Kouchkovsky, I., Rao, A., Carneiro, B. A., 
Zhang, L., Lewis, C., Phone, A., Small, E. J., 
Friedlander, T., Fong, L., Paris, P. L., Ryan, C. 
J., Szmulewitz, R. Z. and Aggarwal, R. 2022. A 
Phase Ib/II Study of the CDK4/6 Inhibitor 
Ribociclib in Combination with Docetaxel plus 
Prednisone in Metastatic Castration-Resistant 
Prostate Cancer. Clin Cancer Res 28: 1531-
1539. 

Farjami, Z., Mohammadzadeh, Z., Saifi, B., 
Nezhad, M. T. and Akbarin, M. M. 2025. The 
molecular aspects in prostatic cancer, unraveling 
the role of CDKs in prostate cancer progression. 
Discov Oncol 16: 1900. 

Freeman-Cook, K., Hoffman, R. L., Miller, N., 
Almaden, J., Chionis, J., Zhang, Q., Eisele, K., 
Liu, C., Zhang, C., Huser, N., Nguyen, L., 
Costa-Jones, C., Niessen, S., Carelli, J., Lapek, 
J., Weinrich, S. L., Wei, P., Mcmillan, E., 
Wilson, E., Wang, T. S., Mctigue, M., Ferre, R. 
A., He, Y. A., Ninkovic, S., Behenna, D., Tran, 
K. T., Sutton, S., Nagata, A., Ornelas, M. A., 
Kephart, S. E., Zehnder, L. R., Murray, B., Xu, 
M., Solowiej, J. E., Visswanathan, R., Boras, B., 
Looper, D., Lee, N., Bienkowska, J. R., Zhu, Z., 
Kan, Z., Ding, Y., Mu, X. J., Oderup, C., Salek-
Ardakani, S., White, M. A., Vanarsdale, T. and 
Dann, S. G. 2021. Expanding control of the 
tumor cell cycle with a CDK2/4/6 inhibitor. 
Cancer Cell 39: 1404-1421.e11. 

Haidar, S., Ehmer, P. B., Barassin, S., Batzl-

Hartmann, C. and Hartmann, R. W. 2003. 
Effects of novel 17alpha-hydroxylase/C17, 20-
lyase (P450 17, CYP 17) inhibitors on androgen 
biosynthesis in vitro and in vivo. J Steroid 
Biochem Mol Biol 84: 555-62. 

Insights, M. 2025. Mangosteen Market by Product 
Type, Form, Application, Nature, Distribution 
Channel and Global Forecast, 2025-2035 
[Online]. Available: 
https://www.metatechinsights.com/industry-
insights/mangosteen-market-2298 [Accessed 16 
Dec 2025]. 

Johnson, J. J., Petiwala, S. M., Syed, D. N., 
Rasmussen, J. T., Adhami, V. M., Siddiqui, I. A., 
Kohl, A. M. and Mukhtar, H. 2012. α-
Mangostin, a xanthone from mangosteen fruit, 
promotes cell cycle arrest in prostate cancer and 
decreases xenograft tumor growth. 
Carcinogenesis 33: 413-9. 

Kalick, L. S., Khan, H. A., Maung, E., Baez, Y., 
Atkinson, A. N., Wallace, C. E., Day, F., 
Delgadillo, B. E., Mondal, A., Watanapokasin, 
R., Barbalho, S. M. and Bishayee, A. 2023. 
Mangosteen for malignancy prevention and 
intervention: Current evidence, molecular 
mechanisms, and future perspectives. Pharmacol 
Res 188: 106630. 

Kratzer, T. B., Mazzitelli, N., Star, J., Dahut, W. L., 
Jemal, A. and Siegel, R. L. 2025. Prostate 
cancer statistics, 2025. CA Cancer J Clin 75: 
485-497. 

Lee, G. T., Nagaya, N., Desantis, J., Madura, K., 
Sabaawy, H. E., Kim, W. J., Vaz, R. J., Cruciani, 
G. and Kim, I. Y. 2021. Effects of MTX-23, a 
Novel PROTAC of Androgen Receptor Splice 
Variant-7 and Androgen Receptor, on CRPC 
Resistant to Second-Line Antiandrogen Therapy. 
Mol Cancer Ther 20: 490-499. 

Li, C., Cheng, D. and Li, P. 2025. Androgen 
receptor dynamics in prostate cancer: from 
disease progression to treatment resistance. 
Front Oncol 15: 1542811. 

Li, G., Petiwala, S. M., Nonn, L. and Johnson, J. J. 
2014. Inhibition of CHOP accentuates the 
apoptotic effect of α-mangostin from the 
mangosteen fruit (Garcinia mangostana) in 

https://www.metatechinsights.com/industry-insights/mangosteen-market-2298
https://www.metatechinsights.com/industry-insights/mangosteen-market-2298


Journal of Medicinally Active Plants Vol. 14, Iss. 4 [2025] 

 69 

22Rv1 prostate cancer cells. Biochem Biophys 
Res Commun 453: 75-80. 

Li, G., Petiwala, S. M., Pierce, D. R., Nonn, L. and 
Johnson, J. J. 2013. Selective modulation of 
endoplasmic reticulum stress markers in 
prostate cancer cells by a standardized 
mangosteen fruit extract. PLoS One 8: e81572. 

Li, G., Petiwala, S. M., Yan, M., Won, J. H., 
Petukhov, P. A. and Johnson, J. J. 2016. 
Gartanin, an isoprenylated xanthone from the 
mangosteen fruit (Garcinia mangostana), is an 
androgen receptor degradation enhancer. Mol 
Nutr Food Res 60: 1458-69. 

Liao, Y., Liu, Y., Xia, X., Shao, Z., Huang, C., He, 
J., Jiang, L., Tang, D., Liu, J. and Huang, H. 
2020. Targeting GRP78-dependent AR-V7 
protein degradation overcomes castration-
resistance in prostate cancer therapy. 
Theranostics 10: 3366-3381. 

Liu, Y., Yu, C., Shao, Z., Xia, X., Hu, T., Kong, W., 
He, X., Sun, W., Deng, Y., Liao, Y. and Huang, 
H. 2021. Selective degradation of AR-V7 to 
overcome castration resistance of prostate 
cancer. Cell Death Dis 12: 857. 

Maurice-Dror, C., Le Moigne, R., Vaishampayan, 
U., Montgomery, R. B., Gordon, M. S., Hong, 
N. H., Dimascio, L., Perabo, F. and Chi, K. N. 
2022. A phase 1 study to assess the safety, 
pharmacokinetics, and anti-tumor activity of the 
androgen receptor n-terminal domain inhibitor 
epi-506 in patients with metastatic castration-
resistant prostate cancer. Invest New Drugs 40: 
322-329. 

Merseburger, A. S., Attard, G., Åström, L., 
Matveev, V. B., Bracarda, S., Esen, A., 
Feyerabend, S., Senkus, E., López-Brea 
Piqueras, M., Boysen, G., Gourgioti, G., 
Martins, K. and Chowdhury, S. 2022. 
Continuous enzalutamide after progression of 
metastatic castration-resistant prostate cancer 
treated with docetaxel (PRESIDE): an 
international, randomised, phase 3b study. 
Lancet Oncol 23: 1398-1408. 

Nakazawa, M., Antonarakis, E. S. and Luo, J. 2014. 
Androgen receptor splice variants in the era of 
enzalutamide and abiraterone. Horm Cancer 5: 

265-73. 
Nauman, M. C., Tocmo, R., Vemu, B., Veenstra, J. 

P. and Johnson, J. J. 2021. Inhibition of 
CDK2/CyclinE1 by xanthones from the 
mangosteen (Garcinia mangostana): a structure-
activity relationship study. Nat Prod Res 35: 
5429-5433. 

Nauman, M. C., Won, J. H., Petiwala, S. M., Vemu, 
B., Lee, H., Sverdlov, M. and Johnson, J. J. 
2023. α-Mangostin Promotes In Vitro and In 
Vivo Degradation of Androgen Receptor and 
AR-V7 Splice Variant in Prostate Cancer Cells. 
Cancers (Basel) 15:  

Nishiyama, T., Hashimoto, Y. and Takahashi, K. 
2004. The influence of androgen deprivation 
therapy on dihydrotestosterone levels in the 
prostatic tissue of patients with prostate cancer. 
Clin Cancer Res 10: 7121-6. 

Oh, Y., Do, H. T. T., Kim, S., Kim, Y. M., Chin, Y. 
W. and Cho, J. 2020. Memory-Enhancing 
Effects of Mangosteen Pericarp Water Extract 
through Antioxidative Neuroprotection and 
Anti-Apoptotic Action. Antioxidants (Basel) 10:  

Ovalle-Magallanes, B., Eugenio-Pérez, D. and 
Pedraza-Chaverri, J. 2017. Medicinal properties 
of mangosteen (Garcinia mangostana L.): A 
comprehensive update. Food Chem Toxicol 109: 
102-122. 

Petiwala, S. M., Li, G., Ramaiya, A., Kumar, A., 
Gill, R. K., Saksena, S. and Johnson, J. J. 2014. 
Pharmacokinetic characterization of mangosteen 
(Garcinia mangostana) fruit extract standardized 
to α-mangostin in C57BL/6 mice. Nutr Res 34: 
336-45. 

Pootrakul, L., Datar, R. H., Shi, S. R., Cai, J., 
Hawes, D., Groshen, S. G., Lee, A. S. and Cote, 
R. J. 2006. Expression of stress response protein 
Grp78 is associated with the development of 
castration-resistant prostate cancer. Clin Cancer 
Res 12: 5987-93. 

Ramaiya, A., Li, G., Petiwala, S. M. and Johnson, J. 
J. 2012. Single dose oral pharmacokinetic 
profile of α-mangostin in mice. Curr Drug 
Targets 13: 1698-704. 

Robinson, D., Van Allen, E. M., Wu, Y. M., Schultz, 
N., Lonigro, R. J., Mosquera, J. M., 



Thapa and Johnson, α-Mangostin from the mangosteen (Garcinia mangostana) fruit for prostate cancer 

 70 

Montgomery, B., Taplin, M. E., Pritchard, C. C., 
Attard, G., Beltran, H., Abida, W., Bradley, R. 
K., Vinson, J., Cao, X., Vats, P., Kunju, L. P., 
Hussain, M., Feng, F. Y., Tomlins, S. A., 
Cooney, K. A., Smith, D. C., Brennan, C., 
Siddiqui, J., Mehra, R., Chen, Y., Rathkopf, D. 
E., Morris, M. J., Solomon, S. B., Durack, J. C., 
Reuter, V. E., Gopalan, A., Gao, J., Loda, M., 
Lis, R. T., Bowden, M., Balk, S. P., Gaviola, G., 
Sougnez, C., Gupta, M., Yu, E. Y., Mostaghel, 
E. A., Cheng, H. H., Mulcahy, H., True, L. D., 
Plymate, S. R., Dvinge, H., Ferraldeschi, R., 
Flohr, P., Miranda, S., Zafeiriou, Z., Tunariu, N., 
Mateo, J., Perez-Lopez, R., Demichelis, F., 
Robinson, B. D., Schiffman, M., Nanus, D. M., 
Tagawa, S. T., Sigaras, A., Eng, K. W., 
Elemento, O., Sboner, A., Heath, E. I., Scher, H. 
I., Pienta, K. J., Kantoff, P., De Bono, J. S., 
Rubin, M. A., Nelson, P. S., Garraway, L. A., 
Sawyers, C. L. and Chinnaiyan, A. M. 2015. 
Integrative clinical genomics of advanced 
prostate cancer. Cell 161: 1215-1228. 

Schafer, E. J., Laversanne, M., Sung, H., 
Soerjomataram, I., Briganti, A., Dahut, W., 
Bray, F. and Jemal, A. 2025. Recent Patterns and 
Trends in Global Prostate Cancer Incidence and 
Mortality: An Update. Eur Urol 87: 302-313. 

Siskin, M., Economides, M. P. and Wise, D. R. 
2025. Cyclin-Dependent Kinase Inhibition in 
Prostate Cancer: Past, Present, and Future. 
Cancers (Basel) 17:  

Tan, Q., Liu, Z., Gao, X., Wang, Y., Qiu, X., Chen, 
J., Liang, L., Guo, H., Huang, S., Wu, D., Zhou, 
B., Hu, R. and Li, Z. 2022. Celastrol recruits 
UBE3A to recognize and degrade the DNA 
binding domain of steroid receptors. Oncogene 
41: 4754-4767. 

Tan, S. S., Ahmad, I., Bennett, H. L., Singh, L., 
Nixon, C., Seywright, M., Barnetson, R. J., 
Edwards, J. and Leung, H. Y. 2011. GRP78 up-

regulation is associated with androgen receptor 
status, Hsp70-Hsp90 client proteins and 
castrate-resistant prostate cancer. J Pathol 223: 
81-7. 

Tran, C., Ouk, S., Clegg, N. J., Chen, Y., Watson, P. 
A., Arora, V., Wongvipat, J., Smith-Jones, P. M., 
Yoo, D., Kwon, A., Wasielewska, T., Welsbie, 
D., Chen, C. D., Higano, C. S., Beer, T. M., 
Hung, D. T., Scher, H. I., Jung, M. E. and 
Sawyers, C. L. 2009. Development of a second-
generation antiandrogen for treatment of 
advanced prostate cancer. Science 324: 787-90. 

Veldscholte, J., Ris-Stalpers, C., Kuiper, G. G., 
Jenster, G., Berrevoets, C., Claassen, E., Van 
Rooij, H. C., Trapman, J., Brinkmann, A. O. and 
Mulder, E. 1990. A mutation in the ligand 
binding domain of the androgen receptor of 
human LNCaP cells affects steroid binding 
characteristics and response to anti-androgens. 
Biochem Biophys Res Commun 173: 534-40. 

Vemu, B., Nauman, M. C., Veenstra, J. P. and 
Johnson, J. J. 2019. Structure activity 
relationship of xanthones for inhibition of 
Cyclin Dependent Kinase 4 from mangosteen 
(Garcinia mangostana L.). Int J Nutr 4: 38-45. 

Wang, M. H., Zhang, K. J., Gu, Q. L., Bi, X. L. and 
Wang, J. X. 2017. Pharmacology of mangostins 
and their derivatives: A comprehensive review. 
Chin J Nat Med 15: 81-93. 

Ware, K. E., Garcia-Blanco, M. A., Armstrong, A. J. 
and Dehm, S. M. 2014. Biologic and clinical 
significance of androgen receptor variants in 
castration resistant prostate cancer. Endocr Relat 
Cancer 21: T87-t103. 

Zhao, Y., Tang, G., Tang, Q., Zhang, J., Hou, Y., 
Cai, E., Liu, S., Lei, D., Zhang, L. and Wang, S. 
2016. A Method of Effectively Improved α-
Mangostin Bioavailability. Eur J Drug Metab 
Pharmacokinet 41: 605-13.

 

 
 
 
 


