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Abstract 
      Oral squamous cell carcinoma (OSCC) is one of malignant tumors with poor prognosis resulting 
in major morbidity and mortality. The actual curative treatment is usually chemotherapy with 
concurrent radiation, sometimes combined with surgery. Unfortunately, the strength of the drugs 
used in chemotherapy causes side effects that can bring discomfort and inconvenience. Herbal 
remedies have been used for thousands of years with very minimal side effects and clearly merit 
extended research for their ability to selectively kill cancer cells.  
      The genus of Garcinia is well known as a medicinal plant in Southeast Asia. β-mangostin, a 
xanthone from the pericarps of various species of Garcinia has been shown to exhibit anti-cancer 
activities in various human cancer cells. However, no attempt has been made to explore the 
potential benefits of this xantone for treatment and/or prevention of OSCC. Here, we report that β-
mangostin exhibits anti-proliferative effect and induces apoptosis in human oral squamous cell 
carcinoma cell lines HSC-3 and Ca-922. MTT assay showed that β-mangostin markedly inhibited 
proliferation of HSC-3 and Ca-922 cells in a dose- and time-dependent manner.  
      The apoptosis induced by β-mangostin was clearly detected by flow cytometry in both cell lines 
and confirmed by caspase activity assays. Moreover, quantitative RT-PCR revealed that apoptotic 
activity by β-mangostin in HSC-3 and Ca-922 cells is associated with an up-regulation of caspase -
8 and pro-apoptotic PUMA genes. These results identify β-mangostin as a potential therapeutic 
agent for human oral squamous cell carcinoma. 
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 Introduction 
 
 Oral squamous cell carcinoma (OSCC) is 
a highly relevant problem of global public health. 
It is located within the top 10 ranking incidence of 
cancers and despite the progress in research 
and therapy, survival has not improved 
significantly in the last years, representing a 
continuing challenge for biomedical science.1 Its 

incidence is increasing because it is often poorly 
understood by society in general and frequently 
ignored in its early stages.2 The 5-year survival 
rates across nation remain lower than 50 
percent.3 The main treatment of solid OSCC is 
either radiotherapy or radical surgery depend on 
the location and the size of the tumor, which is 
often combined with adjuvant chemotherapy 
which depend on the stage of development of the 
cancer. Chemotherapy is very effective in killing 
cancer cells, but it also affects normal cells as 
well. The strength of the drugs used in 
chemotherapy causes side effects that can bring 
discomfort and inconvenience.4  

Over the recent years, there has been 
growing interest in naturally occurring 
phytochemical compounds with anti-cancer 
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potential, because they are relatively non-toxic, 
inexpensive and available in an ingestive form.5-7 

Among these compounds are xanthones. 
Xanthones such as α- and β-mangostin are 
mostly naturally available in fruits especially in 
the pericarp of tropical fruit mangosteen (G. 
mangostana). Accordingly, several studies have 
found that xanthones demonstrate anti-
inflammatory, antioxidant, antitumor, anti-allergic, 
antibacterial, antifungal, and antiviral activities.8,9 

Numerous studies have reported the 
anticancer activities of α-mangostin on various 
cancer cells as reviewed by Ibrahim et al 2017 
10,11 as well as oral cancer cells.12,13 On the other 
hand, anti-cancer properties β-mangostin have 
received very minimal attention.14,15 Our previous 
study reported that β-mangostin demonstrated 
stronger cytotoxicity than α-mangostin on cancer 
cells tested, including OSCC HSC-3 cell line.16 
However, its anticancer mechanism for treatment 
and/or prevention of OSCC remain to be 
explored. The present in vitro study was 
conducted to determine anti-cancer properties of 
β-mangostin on OSCC HSC-3, and Ca922 cell 
lines. The anti-cancer activities were determined 
by measuring the potency of the compounds in 
inducing cytotoxicity, apoptosis and expression of 
pro-apoptotic genes.  
   

Materials and methods 
 

Preparation of β -mangostin solution 
β-mangostin (obtained as a pale yellow 

needle crystal)16 was dissolved in absolute 
ethanol at a concentration of 1 mg/mL, aliquoted 
and stored at -20°C in micro-centrifuge tubes 
wrapped in aluminum foil to avoid dimer 
formation. This stock will be diluted as needed in 
DMEM to produce the concentrations to be 
tested.  

Cell lines 
Human oral squamous cell carcinoma 

HSC-3 and Ca922 cell lines were gifted by Prof. 
Dr. Masa-Aki Ikeda, Tokyo Medical and Dental 
University, Japan. The cells were grown in 
DMEM medium supplemented with 10 % fetal 
bovine serum (FBS) and 1 % of Penicillin-
Streptomycin in a humidified incubator with 5 % 
CO2 at 37 °C. All reagents for the cell culture 
were from Gibco, US.  
 Cytotoxicity Assay 
 The cytotoxic activity was measured by 
MTT assay as first described by Mosmann17 with 

slight modifications suggested by Ichwan et al.18 
Exponentially growing cells were sub-cultured in 
96-well plates at an initial density of 3 X 104/well, 
treated with defined concentrations of β-
mangostin or 0.1% DMSO (vehicle control). After 
24 and 48 h of incubation, the media were then 
carefully removed from the wells without 
disturbing the cell pellets. The cells were then 
incubated in 30 μL of MTT (Sigma-Aldrich, US) at 
concentration of 5 mg/mL in Phosphate Buffer 
Saline (PBS) (Gibco, US) for 4 h. The 
intracellular formazan complex was dissolved in 
150 μL of DMSO and the absorbance was 
measured by a microplate reader. The 
experiments were performed in triplicate and the 
relative cell viability (%) was expressed as a 
percentage relative to the vehicle (DMSO) control 
cells. 

Flow Cytometry Analysis 
The flow cytometry was performed to 

analyze the cell cycle using propidium iodide (PI) 
staining method as described by Taher et al.19 
Briefly the cells were grown overnight to ∼80% 
confluency in 10 cm dishes. The cells were 
exposed to either DMSO or β-mangostin using 
the IC50 concentrations obtained from the MTT 
assay. The cells were trypsinized after 24 h of 
incubation and then washed with cold PBS 
solution following by fixation using 1 ml of 75 % 
ethanol in PBS at 15 min. The ethanol was 
removed by centrifugation and the cells were 
washed with ice cold PBS. The cell pellets were 
then resuspended in PBS containing 50 μg/mL PI 
(Invitrogen), 0.2 mg/mL RNase A (Sigma-Aldrich, 
US) and 0.1% Triton X-100 (Fisher Scientific). 
After incubation at 37 °C for 30 min, the cells 
were analyzed by Guava EasyCyteTM HT flow 
cytometer (Merck Millipore, US The percentage 
of each cell cycle phase was analyzed using 
Guava-InCyte Software (Merck Millipore, US) for 
Mac. 

Caspase 3/7 Activity Assay 
The caspase 3/7 activity was determined 

by using the caspase-Glo 3/7 assay Kit 
(Promega, US) as per manufacturer's 
instructions. The cells were grown overnight in 
96-well flat clear bottom white plates at density of 
3 X 104/well. The cells were treated in the same 
manner as mentioned in the flow cytometry 
experiment. The assay was conducted according 
to the manufacture protocol by adding the 
caspase-Glo 3/7 assay reagent directly to the 
well at intervals after exposure to samples up to 
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24 h. The absorbance was read in a luminometer 
30 min after addition of the reagent into the wells. 
The caspase activities in cells were measured 
and expressed as fold increase from the baseline 
controls. 

RNA extraction, cDNA synthesis & 
Quantitative RT–PCR 

Total RNA were prepared using the TRI 
Reagent (Sigma-Aldrich). Complementary DNAs 
were synthesized from 5 mg of total RNA using 
the Omniscript Reverse transcriptase (Qiagen) 
according to the manufacturer’s instructions. 
Real-time PCR was performed using QuantiTect 
SYBR Green PCR Kit (Qiagen) as per the 
manufacturer's recommendations. Amplification 
was carried out in a LightCycler (Roche) with 
SYBR green detection and melt curve analysis. 
Oligonucleotide primers used have been 
described previously: caspase-3 and -8 and 
PUMA.20,21 The amount of cDNA present in any 
given sample was normalized to the amount of 
DNA of the housekeeping gene beta-actin.22 
Reaction mixtures contained 2µL cDNA, 2x 
QuantiTect SYBR Green RT-PCR Master Mix, 
300 nM each of forward and reverse primer and 
diethyl Nuclease free water to a final volume of 
15 µL. All samples were run in triplicate and the 
melting curves obtained after PCR amplification 
confirmed the specificity of the SYBR green 
assays. 
 

Results  
 

Briefly, we examined whether β-
mangostin affected HSC-3 and Ca922 
morphology and cell growth. Observation under a 
phase-contrast microscope, treatment of HSC-3 
and Ca922 cells with concentrations of β-
mangostin 0.5 µM resulted in noticeably 
alterations in cell morphology and an impaired 
ability of cells to become confluent, with a 
concomitant increase of floating dead cells 
(Figure 1). The effects of β-mangostin on the 
proliferation of HSC-3 and Ca922 cells were 
measured by the MTT assay.  

The cells were treated with graded 
concentrations (0 - 2 µM) of β-mangostin for 12 
and 24 h. β-mangostin was found to reduce the 
of the cell’s viability in a dose- and time-
dependent manner in both cell lines (Figure 2). 
The IC50 values of β-mangostin against the HSC-
3 and Ca922 cells at 24 h were 0.62 μM and 0.44 
μM respectively. Whereas at 48 hours, the IC50 

values of β-mangostin were 0.27 μM and 0.21 
μM respectively (Figure 2).  

 
Figure 1. Morphology of the HSC-3 and Ca922 
cells following exposure to β-mangostin at 
different concentration (0.5 µM and 2 µM) with 
the respective control (0.1% DMSO) after 24 h 
exposure. Observation was done under inverted 
microscope at 100X magnification. 
 

 
Figure 2. Dose-response curves on the effect of 
β-mangostin analyzed by MTT assay on HSC-3 
and Ca922 cells viability at 12 or 24 h of 
exposure. The vertical and horizontal axes 
display percentage of cell viability and sample 
concentration (µM), respectively. Data shown are 
means of three independent experiments each 
performed in triplicates. 
 

 
Figure 3. The cell cycle profile HSC-3 and 
Ca922 after 24 h treatment with either control 
(0.1% DMSO) or β-mangostin at 0.5 µM were 
analysed by flow cytometer. The horizontal and 
vertical axes represent DNA content and cell 
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number, respectively. Apoptotic cell population is 
indicated as a percentage of the sub-G1 fraction. 

To determine the nature of cell death, 
cell cycle analysis using a laser scanning 
cytometer was performed. Apoptotic cell 
population is indicated as a percentage of the 
sub-G1 fraction. The cell cycle analysis revealed 
that β-mangostin treatment at 0.5 µM induced 
apoptosis in HSC-3 and Ca922 cells with sub-G1 
population of 21.61 and 24.82 % respectively 
(Figure 3). Activation of caspase proteases, 
including caspase-3, -7, and -8 are crucial to 
apoptotic cell death.23,24 Therefore, in the present 
study, caspase-3/7 activities assay was carried 
out to confirm the flow-cytometry result. Indeed, 
treatment with 0.5 µM β-mangostin triggered 
caspase-3/7 activation in both cell lines (Figure 
4).  
 
 

 
Figure 4. The caspase-3/7 activities of HSC-3 
and Ca922 cell lines. The cells were treated in 
the same manner to those described in the flow 
cytometry experiment. The caspase-3/7 activity 
assays were conducted at specified 4 h intervals 
following the treatment of control or b-mangostin 
up to 24 hours. Relative caspase-3/7 fold-
activation values depicted are means SD of 
sample triplicates. 
 
 

The caspase 3/7 activation graph 
indicates an exponential increase at 4 hours 
interval until achieves maximum activities at 16th 
hour, with 3.5 and 4 fold-activation for HSC-3 and 
CA922 cell lines, respectively. In agreement with 
this, we did observe an induction in the transcript 
levels of caspase in HSC-3 and Ca922 after 24h 
of treatment by β-mangostin, as measured by 
quantitative RT–PCR (Figure 5), indicated that β-
mangostin effects on caspase-3 and -8 activation 
are transcriptional. Moreover, we also observed 
significant upregulation of pro-apoptotic gene 

PUMA approximately 4.0-fold in both cell lines.   
 

 
Figure 5. The relative mRNA expression of pro-
apoptotic genes Caspase-3, Caspase-8 and 
PUMA in HSC-3 and Ca922 cell lines using real-
time PCR. Expression levels of Caspase-3, 
Caspase-8, and PUMA mRNAs in the cells were 
quantified 24 hours following treatments with 
either control or with 0.5 μM β-mangostin. 
Relative mRNA values depicted are means ± SD 
of two independent experiments each performed 
in triplicates. 
 

Discussion 
 

This study aimed to evaluate the effect of 
anticancer properties of β-mangostin on OSCC 
cell lines, namely HSC-3 and Ca922 cell 
lines. Moreover, the anticancer activities were 
revealed by assessing the effectiveness of β-
mangostin to induce cytotoxicity, apoptosis and 
selected pro-apoptotic genes up regulation. 
 The MTT 3-(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyltetrazolium bromide, tetrazolium-based 
assay which introduced by Mosmann in 1983 is 
remain to be relevant, extensively used and 
acknowledged as the gold standard for 
determining cell viability or cytotoxicity.25 The 
findings revealed β-mangostin inhibit the HSC-3 
and Ca922 cells viability in a pattern of dose-
dependent and time-dependent. These similar 
patterns were also observed, where β-mangostin 
had suppressed the growth of human breast 
cancer cells (MCF-7) in previous study.26 The 
cytotoxicity activity of β-mangostin was 
investigated further by presenting significant the 
IC50 values.  

The lower concentration was needed to 
yield an IC50 value in Ca922 than in HSC-3 cells, 
suggesting that Ca922 cells were relatively more 
sensitive toward β-mangostin. Several recent 
studies reported that β-mangostin exhibited 
potent cytotoxicity activity on the following cell 



 
Journal of International Dental and Medical Research ISSN 1309-100X                                   Anti-cancer Activities of β-mangostin 
http://www.jidmr.com                                                                                                                    Mohamad Zakkirun Abdullah and et al 

 

  Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022 
                            

Page 85 

lines, with corresponding IC50 values: HCT116 
(72.6 μM); HepG2 (97.2 μM), MCF-7 (8.9 μM), 
HL60 (58 µM) and DLD-1 (8.1 μM).14,15,27  

A previous report also described β-
mangostin suppressed MCF-7 cells with an IC50 
of 26 μM and 16.5 for 24 and 48h respectively, 
while no significant cytotoxicity toward the normal 
cells (MCF10A) at highest concentration (30 
µg/ml).28 
 Targeting apoptosis is the most effective 
non-surgical treatment, which use cell's own 
natural death mechanism to break down the 
cancerous cell’s contents properly.29 Apoptosis 
mechanism includes the cell shrinkage, 
chromatin condensation and nucleus 
fragmentation, followed by DNA fragmentation.30 
DNA will be fragmented into 180–200 bp 
sequences in length by the aid of caspase 
protein.31 This study showed the percentages of 
apoptotic cells which contained short length 
fragmented DNA were markedly increased at 
sub-G1 phase in response to β-mangostin 
treatment. Nevertheless, extensive DNA 
fragmentation is not a comprehensive indicator in 
apoptotic death. Necrotic cells often display 
some degrees of DNA degradation that may 
shorten the DNA content and may be distributed 
across the same region of the histogram.32 
Moreover, sub-G1 cells may have relatively high 
DNA content and overlap with G1 cells if DNA 
fragmentation is not extensive during the early 
stage of apoptosis.33 Therefore, caspase 3/7 
assay was carried to validate the apoptotic cells 
detected in the flow cytometry.  

Based on the literature search, β-
mangostin could work on a combination of cell-
cycle arrest at various G0/G1, S, G2/M phase 
which observed via flow cytometry and 
subsequently induce DNA fragmentation shown 
in the presence sub-G1 population various cells 
such as murine leukaemia cell (WEHI-3), human 
promyelocytic leukaemia cell line (HL60), human 
breast cancer cell (MCF-7) and human cervical 
cancer cell (HeLa).15,26,28,34 All these studies later 
followed by the caspase 3/7 detection assay 
which revealed an increase in caspase 3/7 
protein levels, confirming the apoptotic flow 
cytometry result. 

This study has demonstrated that β-
mangostin effects on caspase-3 and caspase-8 
activation are transcriptional. Moreover, 
significant upregulation of pro-apoptotic gene 
PUMA was also observed. The expression of 

PUMA gene is low in nature and only 
transcriptional induction has been documented 
thus far. Bioinformatic studies demonstrated the 
possible binding site for various transcription 
factors which located in the PUMA gene's 
promoter, exon 1, and intron 1 regions.35 p53 is 
one of the transcription factors that activates 
PUMA.36 However, 50-70% of p53 gene are 
mutated in OSCC.37,38 The OSCC cell lines that 
being utilized in this study also had mutation at 
p53 gene. Thus, others transcription factor that 
may transcriptionally activate PUMA gene are 
p73, p63, FOXO1, FOXO3a, CHOP, E2F1, 
Tribbles homolog 3, activator protein 1 (AP-1/c-
Jun), C/EBPβ, cAMP response element binding 
protein (CREB), nuclear factor of activated T 
cells (NFAT), specificity protein 1 (SP1), c-MYC 
and interferon regulatory factor 1(IRF-1).35 Once 
expressed, PUMA binds to all of the anti-
apoptotic Bcl-2 members proteins and also 
directly activates the pro-apoptotic effectors BAX 
and BAK, causing MOMP, caspase cascades 
and cell apoptosis in various cell types.35,39 

Caspase-8 is an initiator caspase that is 
tightly linked to pro-apoptotic signals and is 
activated via an extrinsic pathway. Caspase-8 is 
activated by the presence of different 
receptor/ligand pairs. Once activated, caspase-8 
cleaves and activates downstream effector 
caspases such as caspase-3, -6, and -7, 
demonstrating the importance of caspase-8 in 
the apoptosis pathway.40 Previous research 
reported that β-mangostin demonstrated the 
upregulation of caspase-3 and caspase-8 during 
apoptosis detection analysis in human breast 
cancer cell (MCF7).28 A previous report also 
described β-mangostin influenced the 
upregulation of Bax, caspase-3, and caspase-9 
genes in apoptosis inducing experiment using 
human promyelocytic leukaemia cell line 
(HL60).15 This study suggests that induction of 
apoptosis in HSC-3 and Ca922 by β-mangostin 
linked with the activation of caspase-3, caspase-
8 and pro-apoptotic PUMA gene. 
 

Conclusions 
 
From this study, we conclude that β-

mangostin could inhibit cell growth, induce 
apoptosis and upregulate pro-apoptotic gene 
expression such as Caspase-3, Caspase-8 and 
PUMA in both HSC-3 and Ca922 cell lines. β-
mangostin could be one of the significant 
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anticancer candidates inducing apoptosis-
targeting pathway. These findings will give insight 
into the promising use of β-mangostin as 
alternative plant natural remedies in OSCC 
management. 
 

Declaration of Interest  
 

The authors declare that there is no 
conflict of interest. 

Acknowledgements 
 

This study was funded by the grant 
program from the International Islamic University 
Malaysia, EDW B11-021-0499 to S.J.A.I. 
 
 References 
 
1. Rivera C. Essentials of oral cancer. Int J Clin Exp Pathol. 

2015;8(9):11884–94. 
2. Rakhmania H, Sufiawati I. Impact of delay on diagnosis and 

treatment of oral squamous cell carcinoma: Three cases report. 
J Int Dent Med Res. 2017;10(3):1017-20. 

3. Le Campion AC, Ribeiro CM, Luiz RR, et al. Low survival rates 
of oral and oropharyngeal squamous cell carcinoma. Int J Dent. 
2017;2017:1-7. 

4. Bakar LM, Abdullah MZ, Doolaanea AA, Ichwan SJ. PLGA-
chitosan nanoparticle-mediated gene delivery for oral cancer 
treatment: a brief review. J Phys Conf Ser. 2017; 
884(1):012117  

5. Rajesh E, Sankari LS, Malathi L, Krupaa JR. Naturally occurring 
products in cancer therapy. J Pharm Bioallied Sci. 
2015;7(1):S181-S183 

6. Singh A, Tripathi P.  Potential of Natural Products for the 
Prevention of Oral Cancer. In: Akhtar M, Swamy M, eds. 
Anticancer Plants: Natural Products and Biotechnological 
Implements. Singapore: Springer; 2018:41-66. 

7. Abdullah MZ, Mohd Ali J, Abolmaesoomi M, Abdul-Rahman PS, 
Hashim OH. Anti-proliferative, in vitro antioxidant, and cellular 
antioxidant activities of the leaf extracts from Polygonum minus 
Huds: Effects of solvent polarity. Int J Food Prop. 
2017;20(1):846-62. 

8. Aljunaid M, Hariyani N, Roestamadji RI, Ridwan RD, 
Kusumaningsih T, Qaid HR. Recent Updates of the Oral 
Benefits of Mangosteen Plant Extracts. J Int Dent Med Res. 
2020;13(2):752-7. 

9. Hendiani I, Carolina DN, Arnov ST, Rusminah N, Amaliya A, 
Susanto A, Komara I. Effectiveness of Mangosteen (Garcinia 
Mangostana L.) Peel Gel on the MMP-8 Levels in Chronic 
Periodontitis Patients after Scaling and Root Planing. J Int Dent 
Med Res. 2021;14(2):654-9.  

10. Ibrahim MY, Hashim NM, Mariod AA, Mohan S, Abdulla MA, 
Abdelwahab SI, Arbab IA. α-Mangostin from Garcinia 
mangostana Linn: an updated review of its pharmacological 
properties. Arab J Chem. 2016;9(3):317-329.  

11. Zhang KJ, Gu QL, Yang K, Ming XJ, Wang JX. Anticarcinogenic 
effects of α-mangostin: a review. Planta medica. 
2017;83(03/04):188-202. 

12. Kwak HH, Kim IR, Kim HJ, Park BS, Yu SB. α-Mangostin 
induces apoptosis and cell cycle arrest in oral squamous cell 
carcinoma cell. Evid-based Complement Altern Med. 
2016;2016:1-10. 

13. Fukuda M, Sakashita H, Hayashi H, et al. Synergism between 
α-mangostin and TRAIL induces apoptosis in squamous cell 
carcinoma of the oral cavity through the mitochondrial pathway. 
Oncol. Rep. 2017:38(6):3439-46. 

14. Akao Y, Nakagawa Y, Nozawa Y. Anti-cancer effects of 
xanthones from pericarps of mangosteen. Int J Mol Sci. 
2008:9(3):355-70.  

15. Omer FA, Hashim NB, Ibrahim MY, et al. Beta-mangostin from 
Cratoxylum arborescens activates the intrinsic apoptosis 
pathway through reactive oxygen species with downregulation 
of the HSP70 gene in the HL60 cells associated with a G0/G1 
cell-cycle arrest. Tumor Biol. 2017;39(11):1-12. 

16. Taher M, Susanti D, Rezali MF, Zohri FS, Ichwan SJ, 
Alkhamaiseh SI, Ahmad F. Apoptosis, antimicrobial and 
antioxidant activities of phytochemicals from Garcinia 
malaccensis Hk. f. Asian Pac J Trop Med. 2012;5(2):136-41.  

17. Mosmann T. Rapid colorimetric assay for cellular growth and 
survival: application to proliferation and cytotoxicity assays. J 
Immunol Methods. 1983;65(1-2):55-63.  

18. Ichwan SJ, Husin A, Suriyah WH, Lestari W, Omar MN, 
Kasmuri AR. Anti-neoplastic potential of ethyl-p-
methoxycinnamate of Kaempferia galanga on oral cancer cell 
lines. Mat Today Proc. 2019;16(4):2115-21. 

19. Taher M, Al-Zikri PN, Susanti D, Ichwan SJ, Rezali MF.  Effects 
of Triterpenoids from Luvunga scandens on cytotoxic, cell cycle 
arrest and gene expressions in MCF-7 cells. Nat Prod Sci. 
2016;22(4):293-8. 

20. Budihardjo I, Oliver H, Lutter M, Luo X, Wang X. Biochemical 
pathways of caspase activation during apoptosis. Ann Rev Cell 
Dev Biol. 1999;15(1):269-90  

21. Yuan Z, Cao K, Lin C, et al. The p53 Upregulated Modulator of 
Apoptosis (PUMA) Chemosensitizes Intrinsically Resistant 
Ovarian Cancer Cells to Cisplatin by Lowering the Threshold 
Set by Bcl-x L and Mcl-1. Mol Med. 2011;17(11):1262-74. 

22. Liu G, Yuan X, Zeng Z, et al. Analysis of gene expression and 
chemoresistance of CD133+ cancer stem cells in glioblastoma. 
Mol Cancer. 2006;5(1): 1-12. 

23. Van Opdenbosch N, Lamkanfi M. Caspases in cell death, 
inflammation, and disease. Immunity. 2019;50(6):1352-64. 

24. McComb S, Chan PK, Guinot A, et al. Efficient apoptosis 
requires feedback amplification of upstream apoptotic signals 
by effector caspase-3 or-7. Sci Adv. 2019;5(7):9433. 

25. Kumar P, Nagarajan A, Uchil PD. Analysis of cell viability by the 
MTT assay. Cold Spring Harb Protoc. 2018;2018(6):469-71. 

26. Onodera T, Takenaka Y, Kozaki S, Tanahashi T, Mizushina Y. 
Screening of mammalian DNA polymerase and topoisomerase 
inhibitors from Garcinia mangostana L. and analysis of human 
cancer cell proliferation and apoptosis. Int J Oncol. 
2016;48(3):1145-54. 

27. Mohamed GA, Al-Abd AM, El-Halawany AM, Abdallah HM, 
Ibrahim SR. New xanthones and cytotoxic constituents from 
Garcinia mangostana fruit hulls against human hepatocellular, 
breast, and colorectal cancer cell lines. J Ethnopharmacol. 
2017;198:302-12. 

28. Syam S, Bustamam A, Abdullah R, et al. β-Mangostin induces 
p53-dependent G2/M cell cycle arrest and apoptosis through 
ROS mediated mitochondrial pathway and NfkB suppression in 
MCF-7 cells. J Funct Foods. 2014;6:290-304. 

29. Pfeffer CM, Singh AT. Apoptosis: a target for anticancer therapy. 
Int J Mol Sci. 2018;19(2):448. 

30. Majtnerová P, Roušar T. An overview of apoptosis assays 
detecting DNA fragmentation. Mol Biol Rep. 2018;45(5):1469-
78. 

31. Kiraz Y, Adan A, Yandim MK, Baran Y. Major apoptotic 
mechanisms and genes involved in apoptosis. Tumor Biol. 
2016;37(7):8471-86. 

32. Ormerod MG. Investigating the relationship between the cell 
cycle and apoptosis using flow cytometry. J Immunol Methods. 
2002;265(1-2):73-80. 

33. Darzynkiewicz Z, Huang X, Zhao H. Analysis of cellular DNA 
content by flow cytometry. Curr Protoc Immunol. 2017;119(1):5-
7. 

34. Omer FA, Hashim NM, Ibrahim MY, et al. Beta-mangostin 
demonstrates apoptogenesis in murine leukaemia (WEHI-3) 
cells in vitro and in vivo. BMC Complement Altern Med. 
2017;17(1):1-5. 

35. Li, M. The role of P53 up-regulated modulator of apoptosis 



 
Journal of International Dental and Medical Research ISSN 1309-100X                                   Anti-cancer Activities of β-mangostin 
http://www.jidmr.com                                                                                                                    Mohamad Zakkirun Abdullah and et al 

 

  Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022 
                            

Page 87 

(PUMA) in ovarian development, cardiovascular and 
neurodegenerative diseases. Apoptosis. 2021;26:235-47. 

36. Huang Y, Liu N, Liu J, et al. Mutant p53 drives cancer 
chemotherapy resistance due to loss of function on activating 
transcription of PUMA. Cell Cycle. 2019;18(24):3442-55.  

37. Jo DW, Kim YK, Yun PY. The influence of p53 mutation status 
on the anti-cancer effect of cisplatin in oral squamous cell 
carcinoma cell lines. J Korean Assoc Oral Maxillofac Surg. 
2016;42(6):337-44.  

38. Sulaiman FS, Kazi JA, Heah KG, Zain RB. Exon 3 of p53 gene 
is the hot spot region for Oral Squamous Cell Carcinoma. J Int 
Dent Med Res. 2018;11(2):398-402. 

39. Wang J, Thomas HR, Li Z, et al. Puma, noxa, p53, and p63 
differentially mediate stress pathway induced apoptosis. Cell 
Death Dis. 2021;12(7):1-11. 

40. Mandal R, Barrón JC, Kostova I, Becker S, Strebhardt K. 
Caspase-8: The double-edged sword. Biochim Biophys Acta 
Rev Cancer. 2020;1873(2):188357. 

 


