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Abstract: Atherosclerosis as one of the causes of cardiovascular disease will induce endothelial dysfunction 

and platelet aggregation. Mangostin peel extract (MPE) contains xanthones which have antioxidant activity, 

anti-cholesterol, anti-aggregation, and anti-inflammatory in preventing and inhibiting atherosclerosis. In 

this research, MPE was evaluated the xanthones quantitative based on standard xanthone compounds using 

High Liquid Performance Chromatography (HPLC) method and tested anti-aggregation platelet activity and 

ABTS+ 2,2-Azinobis-(3 ethylbenzothiazoline-6-sulfonic acid) diammonium (ABTS)-reducing activity. The 

anti-aggregation platelet using agonist namely adenosine diphosphate inducer (ADP), collagen (COLL), and 

epinephrine (EPN). Quantification of MPE using four xanthones compound as a marker, showed that MPE 

contained α-mangostin 105 ppm, γ-mangostin 7.20 ppm, 9.92 ppm Gar-C, and Gar-D 3.50 ppm. MPE  and 

xathones had  high ABTS-reducing activity and the most active was, α-mangostin with IC50 2.348 µg/ml. α-

mangostin and γ-mangostin had anti-aggregation activity on EPN inducer were comparable with aspirin. 

MPE and xathones had no anti-aggregation activity on COLL and ADP inducer. MPE contain xathones 

including α-mangostin, γ-mangostin, Garcinone-C and Garcinone-D. MPE and xanthones have high ABTS-

reducing activity.  MPE, α-mangostin, γ-mangostin, Garcinone-D decrease EPN-induced aggregation platelet. 

α-mangostin, γ-mangostin were the most active antia-ggregation and antioxidant activities. 
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1. Introduction 

Cardiovascular disease (CVD) is a non-communicable disease that causes the most deaths in the world in 

2030 and it is estimated as many as 23.6 million people will die by CVD, especially coronary heart disease 

and stroke. The largest increase in mortality is expected to occur in Southeast Asia [1]. Atherosclerosis, one 

of the CVD trigger, is a complex and multifactorial process involving genetic and environmental factors [2], 

[3].  Platelet aggregation plays an important role in thrombus formation due to uncontrolled blood clots. 

Formed thrombus can lead to blockage of the coronary arteries and blood vessels in the brain. Platelet-

dependent thrombus formation is a key event in the pathogenesis of acute myocardial infarction (AMI) [4], 
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[5]. Platelet tests is necessary for predicting cardiovascular disease clinical outcomes and to monitor anti-

aggregation drugs [6]. The use of platelet anti-aggregation in long-term has a recurrent arterial thrombotic, 

the failure of aspirin to prevent an arterial thrombotic or aspirin resistance [6], patients who are resistant 

to aspirin are at a greater risk of clinically important cardiovascular morbidity [7], it is necessary to search 

natural ingredients that have anti-aggregation activity with minimal side effects and more safe. One of the 

natural ingredients that has anti-aggregation platelet activity is polyphenol compounds that can prevent the 

formation of atherosclerosis, endothelial damage, leukocyte activation, adhesion, aggregation and secretion 

of platelets [8], [9]. 

Mangostin peel contains polyphenols which xanthone possessing antioxidant, antitumoral, antiallergic, 

anti-inflammatory, antibacterial, antifungal and antiviral properties [10]-[12].  

The current knowledge indicates that MPE have several bioactivities but anti-aggregation property has 

not been reported yet. Therefore, we conducted our research to  assay based on standard xanthones  

including α-mangostin, γ-mangostin, garcinone-C (Gar-C), garcinone-D (Gar-D) by using HPLC method and 

platelet anti-aggregation of mangostin peel extract and  xanthones by in vitro test. 

2. Material and Method 

2.1. Plant Materials and Extract Preparation 

G. mangostana was collected from Cisalak-Subang, west Java, Indonesia. The plants were identified by 

staff of herbarium of the Department of Biology, School of Life Sciences and Technology, Bandung Institute 

of Technology, Bandung, West Java, Indonesia. The peels were colleted, chopped and kept in drier tunnel 

device and extracted throught maceration method with ethanol 70% as solvent. The dried of mangosteen 

peel (350 g) were ground and immersed in ethanol. After 24h, the filtrate was collected, this treatment was  

repeated until the filtrate remained colorless, the filtrate was evaporated with a rotary evaporator at 40°C 

for getting MPE [13],[14].  

2.2. Quantitative Analysis of High Performance Liquid Chromatography (HPLC) 
Profiling 

The analysis of chemical profiling of MPE by HPLC. Quantification MPE using the standard xanthones 

included α-mangostin, γ-mangostin, Gar-C, Gar-D. Analysis using the Shimadzu HPLC Reverse Phase Column 

C-18 (Kinetex 2.6um; 150mm × 4.6mm ID) and Shimadzu SPD-10A UV detector. The mobile phase was 

acetonytril 70% and delivered isocratically with a flow rate of 1.0 ml/min. The samples were dissolved in 

methanol 70% as solvent (1 mg/ml) and filtered through a 0.22 µm syringe and injected 20 µl. UV 

absorbance was measured at 244 nm. This study did not use statistical analysis and quantification 

performed of duplicate measurement [15], [16].  

2.3. ABTS-Reducing Activity 

The antioxidant capacity MPE and xanthones were measured by using the ABTS+ 2, 2-Azinobis-(3 

ethylbenzothiazoline-6-sulfonic acid) diammonium salt free radical assay [17]-[19]. This method 2,2-

Azinobis-(3 ethylbenzothiazoline-6-sulfonic acid) was produced by reacting 14 mM ABTS and  equal 

volume of 4.9 mM potassium persulfate achieved final concentration 7 mM ABTS in 2.45 mM potassium 

persulfate). The mixture was incubated in the dark room temperature for 16 h. The ABTS+ solution was 

diluted with 5.5 mM PBS (pH 7.4) and measured with microplate reader at 745 nm resulted absorbance of 

0.70 ± 0.02. Briefly 2 μl sample was added to 198 μl of ABTS+ solution, incubated for 6 min and the 

absorbance was measured at 30°C, 745 nm. The percentage inhibition in ABTS radical  of each sample was 

expressed by the ratio of the lowering of the absorption of ABTS+ (%), relative to the absorption (100%) of 

ABTS+ solution in the absence of test sample (negative control). ABTS-reducing activity (%) was calculated 
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in following formula  and continued calculating as median Inhibitory  Concentration (IC50) [17]-[19].  

I= (Ac - As)/Ac × 100                                                                       (1) 

where, I = % ABTS+ inhibition; Ac = negative control absorbance (without sample); As = sample absorbance  

2.4. Anti-aggregation Platelet Activity  

MPE and xanthones (α-mangostin, γ-mangostin, Gar-C, Gar-D) and aspirin as positive control were 

diluted in dimethyl sulfoxide (DMSO 1%) achieving at level 1000 and 500 µg/ml. Agonist using EPN, COLL 

and ADP were diluted in buffer saline (NaCl 0.9 %)  achieving the concentration  300 µM, 10 µg/ml  and 20 

µM respectively. Blood was colletected from hyperaggregation individual with informed consent using the 

guidelines approved by the Institutional Ethics Committee collaboration between Maranatha Christian 

University, Bandung, Indonesia and Immanuel Hospital Bandung, Bandung, Indonesia. Briefly 9 ml blood 

was collected and added with 1 ml 3.8% sodium citrate as anticoagulant. The blood was centrifuged at 100× 

g for 10 min to obtain the platelet rich plasma (PRP). The PRP was maintained at room temperature for 30 

min. Platelet poor plasma (PPP) was prepared by recentrifuging the remaining blood samples at 1600× g 

for 10 min. PPP was then removed, placed in a plastic tube, and the tube was maintained at room 

temperature [20], [21]. Briefly 200 µl of PPRP was pippeted into a cuvette added 25 µl the anti-aggregation 

agents (MPE, α-mangostin, γ-mangostin, Gar-C, Gar-D, aspirin) and 25 µl agonist (EPN, COLL, ADP). Pipette 

250 μl PPP into a cuvette as a blank. This blank will be used to set the 100% aggregation. Aggregation 

activity was measured by Platelet Aggregation Chromogenic Kinetic System (PACKS-4) [21]-[23].  

2.5. Statistical Analysis 

The antiaggregation activities were replicated three times. The data was calculated for the values of 

means and standard deviation (M±SD) and 95% confidence interval (CI) of means. To compare among 

treatments, the data was analysed by using the analysis of variance (ANOVA) with one-factorial completely 

randomized design. To know the difference of means among treatments and the best treatment, we used 

Tukey HSD Post-Hoc test 95% confidence interval. Statistical analysis used SPSS 20.0 program.  

 

 
Fig. 1. HPLC spectrum of the MP using Methanol as solvent at 244 nm absorbance. (A) chromatgram of α-

mangostin; (B) γ-mangostin, (C) garcinone-C; (D) garcinone-D; (E) chromatogram MPE-1; (F) 

chromatogram MPE-2; (G) chromatogram MPE+ γ mangostin; (H) MPE+ garcinone-C; (I) MPE+garcinone-D. 

(A) (B) (C) 

(D) (E) (F) 

(G) (H) (I) 
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3. Results and Discussion 

3.1. HPLC Profiling of MPE 

Methanol 70% as solvent ( 1 mg/ml ) of MPE, α-mangostin, γ-mangostin, Gar-C, Gar-D. The plant extract, 

compounds was filtered through a 0.22 µm syringe filter prior to analysis. Spectra were generated on a 

Shimadzu SCL-10A (Japan). The separation was carried out at 25 °C on a reverse phase C-18 column 

(Kinetex 2.6um; 150mm × 4.6mm ID) and Shimadzu SPD-10A UV detector. The mobile phase was 

acetonytril 70% and delivered isocratically with a flow rate of 1.0 ml/min. The sample volume injected was 

20 ul, MPE and xathones were eluted at 244 nm at the retention time (tR) of 2.73 and 2.77 min. α-

mangostin showed characteristic peaks of MPE at the same retention time as that of standard, indicating 

MPE contained α-mangostin in high level, but low concentration for γ-mangostin, Gar-C, Gar-D (Fig. 1) and 

the detail area, retention  and xanthones content in the MPE can be seen at Table 1. 

 

Table 1. Xanthones Concentration in MPE Based on HPLC 
Marker 

compounds 

Equation Area (replication) Concentration (replication) Average 

Concentration 

(ppm) 

1 2 1 2 

α-mangostin 62683 6964062 6199785 111,10 98,91 105 

γ-mangostin 35937 194017 323461 5,40 9,00 7,20 

Gar-C 47416 163365 169159 3,45 3,57 3,50 

Gar-D 13410 134600 131523 10,04 9,81 9,92 

 

Based on Table 1 showed that MPE contained xanthones including α-mangostin, γ-mangostin, Gar-C, Gar-

D. The highest xanthone in MPE was α-mangostin and the lowest xanthone was Gar-C.  

3.2. ABTS-Reducing Activity of MPE  

ABTS reducing activity of MPE and xanthones were measured as a representative of antioxidant activity. 

The IC50 is the concentration of MPE and xanthones to scavenge 50% of the ABTS+ free radical (Table 2.) 

3.3. Anti-aggregation Platelet Activity of MPE 

To determine the antiaggregation paltelet of MPE and the xanthones, in this study using various inducer 

include COL, ADP, EPN were used. The data was analyzed by using ANOVA and continued with Tukey HSD 

post hoc test which can be seen in Table 3. 

Based on quantitative analysis of HPLC on MPE using marker of xathones showed that MPE contained 

xanthones α-mangostin was 105 ppm, γ-mangostin was 7.20 ppm, Gar-D was 3.50 ppm, and Gar-C was 9.92 

ppm. This data was validated with previous study that phytochemical study reported that the mangostin 

peel is rich in xanthones with biological activities such as anti-inflammatory, anti-bacterial, anti-cancer, 

anti-thrombotic, and anti-platelet aggregation [24]. The ripe or later MPE contained higher contents of 

flavonoids and α-mangostin xanthone [25]. MPE contain α-mangostin that has antiperoxidative effect [26]. 

MPE isolation resulted 8-hydroxycudraxanthone G, mangostingone, cudraxanthone G, 8-deoxygartanin, 

garcimangosone B, Gar-D, garcinone E, gartanin, 1-isomangostin, α-mangostin, γ-mangostin, mangostinone, 

smeathxanthone A, and tovophyllin A [27]. Mangosteen peel contain high concentration of xanthones. α-

Mangostin (1,3,6-trihydroxy-7-methoxy-2,8-bis (3-methyl-2-butenyl)-9 H-xanthen-9-one), and γ-mangostin 

(1,3,6,7-tetrahydroxy-2,8-bis(3-methylbut-2-enyl)xanthen-9-one) are the main xanthones from MPE [28]. A 

xanthones extract from  G. mangostana peel was  prepared by crystallization of a toluene contained 81% α-

mangostin and 16% γ-mangostin as the main contituents MPE [29]. MPE comprised of 75%-85% α-

mangostin and 5%-15% γ-mangostin [30], [31]. MPE contain abundant xanthones (especially α-mangostin) 

[32], high yield of xanthones such as α- and γ-mangostin in the pericarp of G. mangostana [33]. 
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Table 2. The IC50 of ABTS-Reducing Activity of MPE and Xanthones [ABTS-Reducing Activity (%) Was 
Calculated, Six Level Concentration of Samples Include 5, 2.5, 1.25, 0.625, 0.313, 0.156 µg/ml. Linear 

Equation, Coefficient of Regression (R2) of MPE and Xanthones Were Calculated] 
Samples  The highest activity of ABTS 

reducing activity (%) at 5 
µg/ml sample 

Linear rquation R2 IC50 
(μg/ml) 

MPE 17.71 Y=2.8845X +14.0378 0.9925 15.93 
α-mangostin 91.69 Y=18.849X+5.7458 0.9179 2.348 

γ-mangostin 50.88 Y=10.423X+3.4319 0.9233 4.468 

Gar-C 15.76 Y=2.2044X+4.8445 0.9945 20.48 

Gar-D 25.42 Y=3.1977X+9.9334 0.9959 12.53 

 

Table 3. Mean and Standard Deviation of Platelet Aggregation Using ADP, COLL, EPN Inducer (%) 
Samples Inducer 

COLL (10 μg/ml) ADP (20 μM) EPN (300 μM) 
Control (Hyperaggregation individu) 95.30±6.00 d A 96.80±3.00 e A 95.80±3.60 d A 
DMSO 88.00±7.00 cd B 89.33±2.42 de B 82.70±0.90 cd A 
MPE (100 μg/ml) 91.00±1.41 cd B 86.73±1.97 cde B 20.03±2.43 ab A 
MPE (50μg/ml) 95.23±1.16 d A 96.17±0.75 e  A 95.90±0.95 d A 
α-mangostin 100 μg/ml 86.60±5.52 cd B 82.03±5.34 cd B 18.93±4.54 a A 
α-mangostin 50 μg/ml 89.40±2.46 cd  B 83.57±6.76 cd  B 30.27±7.04 ab A 
γ-mangostin 100 μg/ml 85.33±6.77 cd  B 63.03±8.60 b B 22.77±1.63 ab  A 
γ-mangostin 50 μg/ml 88.53±2.58 cd  C 39.90±1.44 a  B 25.50±5.51 ab  A 
Garcinone-C 100 μg/ml 80.30±1.10 c  AB 83.90±1.20 cd  B 78.40±3.20 c  A 
Garcinone-C 50μg/ml 88.27±1.70 cd  B 88.27±4.82 de  B 18.57±4,73 a  A 
Garcinone-D 100 μg/ml 84.50±4.00 cd  A 92.10±2.00 de  B 86.53±2.30 cd  AB 
Garcinone-D 50 μg/ml 87.83±0.45 cd  A 89.23±4.37 de  A 89.90±0.87 cd A 
Aspirin 100  μg/ml 21.87±7.05 a  AB 34.17±1.42 a  B 17.07±5.85 a  A 
Aspirin 50  μg/ml 45.37±1.90 b B 75.80±1.61 c  C 35.60±5.27 b  A 

The data showed mean ± standard deviation. The different small letters at the same column (among antiplatlet agents) and 
capital letters at the same row (among inducers) show significant at the 5% (Tukey HSD Post Hoc test). 

 

Based on the Table 2, it showed that MPE and xanthones exhibited high antioxidant activity. This data was 

validated with previous study that MPE is rich in bioactive compounds including xanthones, which have 

been classified as very good antioxidants from several experimental results [34]. The strongest antioxdant 

were α-mangostin and γ-mangostin was the main constituents of MPE. This data was consistent with 

previous study that α-mangostin and γ-mangostin were the most active of antioxidant using peroxynitrite-

scavenging bioassay compared to the others xanthone [27]. Aqueous extract of mangosteen peel had high 

antioxidant activity by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical scavenging at 25 µg/ml was 

92.57% [14]. Gar-C had high DPPH free radical scavening with IC50 (3.039±0.102) µg/ml and Gar-D 

(143.386±10.064) µg/ml [35].  

Based on Table 3, it showed that α-mangostin and γ-mangostin decreased the EPN-induced platelet 

aggregation compared with control (hyperaggretation individual) at all level concentration, α-mangostin 

and γ-mangostin had high anti-aggregation activity on EPN inducer were comparable with aspirin as 

positive control, but not active on COLL and ADP inducer. MPE high dose had anti-aggregation activity on 

EPN inducer and Gar-C had anti-aggregation activity. This data was validated with previous research that 

omega-aminoalkoxylxanthones as xanthone derivatives was tested in vitro for their ability to inhibit platelet 

aggregation and cause vasorelaxing action, exhbited that some derivated compounds showed high 

antiaggregation  toward thrombin-, arachidonic acid (AA)-, COLL-, and platelet activating factor (PAF)-

induced rabbit platelet aggregation and exhibited inhibition of primary and secondary aggregation induced 

by ADP in PRP [36]. Five from aminoalkanolic derivatives of xanthone inhibited thrombin-induced platelet 

aggregation, the most active compound was R-(+)-2-N-(7-chloro-2-xanthonemethyl)-2-N-methylamino-1-
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butanol at 40 µg/ml [37]. The extracts of bark of Yucca schidigera, seeds of grape and berries of Aronia 

melanocarpa (chokeberry)  (5-50 µg/ml) rich in polyphenols exhibited as anti-aggregation platelet and 

reduced generation of O2-* in blood platelets [38].  Wine polyphenol resveratrol (10-1000 µM) inhibited 

platelet aggregation in healthy subjects induced by COLL (5 µ/ml), thrombin (0.33 U/ml), and ADP (4 µM) 

[39] By my research exhibited that phenols and flavonoids showed commonly high antioxidant and anti-

aggregation platelet activities [22], [23].  

Three factors are triggers platelet aggregation (agonist) that is a soluble plasma protein (fibrinogen) and 

platelet membrane-bound receptors (integrin αIIbβ3 atau GPIIb-III) that will trigger a simple platelet 

aggregation [40]. ADP P2Y1 and P2Y12 receptors can trigger a change in the shape pletelet aggregation of 

platelets (P2Y1), while aggregation (P2Y1), irreversible aggregation (P2Y12), the expression of P-selectin 

(P2Y12), the release of thromboxane A2 (P2Y1 and P2Y12) induction of procoagulant and aggregation 

( P2Y12) [41]. Epinephrine to help α2a receptor P2Y12 receptor mechanisms [41]. Collagen as an agonist to 

the receptor GPIIb will release ADP and thromboxane A2, GPIA/Iia platelet deployment, GPIV will trigger 

platelet aggregation, induce procoagulant activity through the release of Ca2+ [39, 41]. Aspirin is used for 

comparison because it has the ability anti-aggregation thromboxane A2 production through inhibition 

(TXA2) and inhibition of the enzyme cyclooxygenase [22]-[27]. 

The data (Table 3) showed that α-mangosteen, γ-mangosteen had antiaggregation platelet induced by 

EPN, probably due to antioxidant activities (Table 3). Thromboxane production was induced by various 

agonists mediated by Reactive Oxygen Species (ROS)  production and ROS production mediated by COX as 

well as other enzymes such as platelet isoforms of NADPH oxidase, xanthine oxidase, mitochondrial 

respiration [42], [43], and antioxidant inhibit the enzymes responsible for platelet ROS formation [22], [43], 

either by inhibiting the formation of endogenous mediators derived from phospholipid peroxidation, by 

blocking enzymatic free radical production, or by reducing platelet sensitivity to agonists by preventing 

lipid peroxidation [44]. 

4. Conclusions 

MPE contain xathones including α-mangostin, γ-mangostin, Gar-C, Gar-D. MPE and xanthones have high 

ABTS-reducing activity.  MPE, α-mangostin, γ-mangostin, Gar-D decrease EPN-induced aggregation platelet. 

α-mangostin, γ-mangostin were the most active as antiaggregation and antioxidant activities. 
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