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ABSTRACT 

Objective: To develop a cheap, accurate, precise, linear and rapid Reverse Phase High Performance Liquid Chromatographic (RP-HPLC) method and 
validate as per ICH guidelines for the quantitative estimation of α-mangostin in the rind extract and fraction of mangosteen (Garcinia mangostana 
L.) as well as to determine their cytotoxic activity against T47D breast cancer cell line. 

Methods: The optimized method uses a reverse phase column, Shimadzu ®Shimp-pack VP – ODS (4.6 x 250 mm; 5µ), a mobile phase of 0.1 % v/v 
H3PO4 in water: acetonitrile (15:85), flow rate of 1 ml/min and a detection wavelength of 243,2 nm using a UV detector. The cytotoxic activity 
against breast cancer cell line T47D was determined as percentage of cell viability by using MTT (Microculture Tetrazolium Assay) colorimetric 
assay and IC50

Results: The developed method resulted in α-mangostin eluting at 8.87 min. α-Mangostin exhibited linearity in the range 0.5 – 30 μg mL

(concentration that inhibits cell growth by 50%) were calculated. 
-1, and 

precise (intra-day variation ≤ 0.10 %, inter-day variation ≤ 2.28 %). The average percentage mean recovery was 94.41-102.01 %, during accuracy 
studies. The limit of detection (LOD) and limit of quantification (LOQ) was found to be 0.2807 and 0.9357 μg mL-1 respectively. The concentration of 
α-mangostin in the 70% ethanol extract, n-hexane fraction, ethyl acetate fraction and n-butanol fraction were 50.73; 11.12; 98.66; 2.29 % w/w, 
respectively. This extract and fractions had IC50 of 1.375; 5.879; 0.463; and 51.839 μg mL-1

Conclusion: A cheap, accurate, precise, linear and rapid RP-HPLC method was developed and validated for the quantitative estimation of α-
mangostin in the rind extract and fraction as per ICH guidelines and hence it can be used for the quality control of crude extract and herbal 
formulation. The strongest cytotoxic activity was showed by an ethyl acetate fraction of fruit rind of Garcinia mangostana L, against T47D cell line. 
These results were in agreement with the concentration of α-mangostin. 

 against T47D cell line respectively. 
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INTRODUCTION 

The rind of mangosteen (Garcinia mangostana L) has many 
pharmacological activities[1]. It contains abundant xanthones, such 
as: α-mangostin, β-mangostin, γ-mangostin, gartanin, 8-
deoxygartanin, and mangostanol [1-4]. α-Mangostin is the major 
component. It has been used worldwide as traditional medicine for 
anti-inflammatory[5], antibacterial [6,7], and anticancer effects[8,9]. 
Since α-mangostin represents the majority of the clinical benefits of 
this traditional medicine, several studies were carried out to 
determine the concentration of α-mangostin in mangosteen rind 
extract [10,11].  

This paper report a new, cheap, precise, accurate and linear isocratic 
RP- HPLC method for the quantitative estimation of α−mangostin in 
the rind extract and fractions of Garcinia mangostana L. as well as to 
determine their cytotoxic activity on T47D breast cancer cell line. 

 

 

Fig. 1: Structure of α-mangostin 

MATERIALS AND METHODS 

Chemical and reagents 

Standard α-mangostin was purchased from Wuxi Gorunjie 
Natural-Pharma Co., Ltd (Jiangsu, China; purity of 90,3 %). The 
chemicals and solvents used in this experiment were acetonitrile 
(HPLC grade), ortho phosphoric acid, methanol (AR grade) were 
obtained from Merck. High purity aqua bidestilated water was 
obtained from Otsuka. Solvents used for the mobile phase were 
filtered through membrane filter (0.45-μm pore size) and 
degassed before use. 

Methyl Thiazol Tetrazolium (MTT) was obtained from Sigma 
(Germany). Methanol,dimethyl sulfoxide (DMSO) and all other 
organic solvents (AR grade) were purchased from E. Merck 
(Germany). Fetal bovine serum (FBS), penicillin/streptomycin 
solution (PS) and the Roswell Park Memorial Institute (RPMI)-1640 
cell culture medium were purchased from GIBCO BRL. 

Cell culture 

T47D cell line was obtained from Tissue Culture Laboratory of 
Faculty of Medicine, Gajah Mada University, Jogjakarta, Indonesia 
and was cultured in RPMI-1640 with 10% fetal BovineSerum 
(Gibco) dan 1% Penicillin-Streptomycin (Gibco). 

Instrumentation and chromatographic condition 

HPLC method was performed on a Shimadzu (Kyoto, Japan) liquid 
Chromatograph system, equipped with a model LC-20 AD pump, UV-
Vis SPD M-20A Diode detector. Separation was performed in a 
reversed-phase column Shimadzu ®Shimp-pack VP – ODS (4.6 x 250 
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mm). The elution was carried out with isocratic solvent using 0.1 % 
v/v H3PO4

Plant materials 

 in water-acetonitrile (15:85) with a flow rate 1 
ml/minute. The solvents used for the mobile phase were filtered 
through membrane filter (0.45-μm pore size) and degassed before 
use. Total running time was 15 minutes and the sample injection 
volume was 20μL while the wavelength of the UV-VIS detector was 
set at 243,2 nm. The compound was quantified using CLASS VP 
software. 

Ripened G. mangostana fruits was collected from Batu Busuk, Limau 
Manis, West Sumatera, Indonesia and identifiedat Herbarium 
Universitas Andalas (ANDA), Indonesia. The fruit rinds were 
separated from the edible part, chopped using an electric grinder, 
and dried in a hot oven at 50°C for 72 hours. The dried samples were 
ground into powder, passed through a sieve (20 meshs). The 
samples were separately kept in air tight container and protected 
from light until used. 

The powder of fruit rind of Garcinia mangostana L.(1253 g) was 
macerated with 70 % ethanol at room temperature (3x5days). The 
extract was evaporated using the rotary evaporator and 
consequently partitioned between n-hexane, ethyl acetate, and 
buthanol. Each fraction evaporated with rotary evaporator and has 
been stored at refrigerator. 

Preparation of standard solutions and sample solutions 

A stock solution of α-mangostin reference standard was prepared by 
dissolving an accurately weighed 10 mg of α-mangostin in 10 mL of 
methanol in a volumetric flask. Various concentrations of the 
standard solution were diluted to obtain final concentrations at 0,5; 
1; 5; 10; 20; and 30 μg mL-1 with methanol. The sample extracts 
were prepared at 1 mg mL-1 in the same solvent, and were further 
diluted to obtain 200 μg mL-1

RESULT AND DISCUSSION 

. The stock solutions were filtered 
through 0.45 μm syringe filters.  

Method development 

A Reverse phase HPLC method was developed keeping in mind the 
system suitability parameters i. e. tailing factor (T), number of 
theoretical plates (N), runtime and the cost effectiveness. The 
optimized method developed resulted in the elution of α-mangostin 
at 8.87 min. Figure 2 chromatogram of standard solution (20 μg/ml). 
The total run time is 25 minutes.  

 

Table 1: System suitability data of the proposed method 

Parameters α-mangostin * 

Retention time (min) 8.87 
Number of theoretical plates (N) 12202.8 
Tailing factor (T) 1.041 
Height Equivalent to a Theoretical Plate (HETP) 0.0942 
*Mean of three injections  

 

 

Fig. 2: Chromatogram of the standard α-mangostin System 
suitability parameters were within the acceptance limits, ideal 

for the chromatographed sample 

System suitability tests are an integral part of method development 
and are used to ensure adequate performance of the 
chromatographic system. Retention time (Rt), number of theoretical 
plates (N), peak Tailing factor (T) and Height Equivalent to a 
Theoretical Plate (HETP) were evaluated for three replicate 
injections of the standard at the working concentration. 

Validation of the method 

The described method was validated according to the ICH 
guidelines[12]. The following validation characteristics were 
evaluated: linearity, precision, accuracy and the limits of detection 
and quantification (LOD and LOQ). 

Linearity 

Linearity was determined by using α-mangostin standard solution of 
1000 μg/mL in methanol. 0,5 to 30 μg/ml of the standard solution 
was prepared (n = 3). The calibration Graphs were obtained by 
plotting the peak area versus the concentration of the standard 
solutions. The correlation coefficient of α-mangostin is 0.99955 
(Table 2), which meet the method validation acceptance criteria and 
hence the method is said to be linear. 

Limit of detection (LOD) and limit of quantitation (LOQ) 

According to ICH [12], the LOD and LOQ were calculated through the 
slope and standard deviation method using the following formula: 
LOD = (3.3 × δ) / S, and LOQ = (10 × δ) / S, Wher e: δ: is the standard 
deviation of the Y intercept of the linear regression equations. S: is 
the slope of the linear regression equations. The LOD and LOQ for α-
mangostin were found to be 0.2807 and 0.9357 μgmL-1

Accuracy and precision 

, respectively, 
which indicate a high sensitivity of the method (table 2). 

Intra- and inter-day precision and accuracy were evaluated at three 
different levels of standard α-mangostin concentrations (5.0, 10.0, 
and 20.0 μg mL-1

Recovery 

). Intra- and inter-day assay precision were 
determined as relative standard deviation (RSD), and intra and 
inter-day assay accuracies were expressed as percentages of 
theoretical concentration, as accuracy (%) = (found 
concentration/theoretical concentration) × 100%. Intra-day assay 
involved three replicates per day and inter-day assay were 
performed on three separate days. The inter-day and intra-day 
precisions of α-mangostin are presented in Table 3 and Table 4. All 
these data indicated good precision and accuracy. The results 
showed acceptable precision of the method. 

The recovery of the method was tested by performing recovery 
studies at 3 levels of α-mangostin reference standard added to the 
samples. Three different levels concentration (2; 5; and 10µg mL-1) 
of the standard solution in methanol were added to the sample 
solution (11.63 µg mL-1

The recoveries of α-mangostin were calculated as the following 
equation:  

) and analyzed by the proposed HPLC 
method. The recovery and average recovery were calculated. Three 
determinations were performed for each concentration level. 

Recovery (%) =𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶𝐶𝐶

 𝑥𝑥 100% 
where: Cobs is the observed concentration of α-mangostin detected 
in the sample solution after added standard α-mangostin solution 
(μg mL-1). Cs is the concentration of α-mangostin detected in 
mangosteen peel extract sample solution without added standard α-
mangostin solution (μg mL-1). Cstis the actual concentrations of 
standard α-mangostin solution (μg mL-1

Determination of α-mangostin content in the extracts of G. 
mangostana rind 

). The recovery at 3 different 
levels of α-mangostin was 94.41, 99.21, and 102.01%, with an 
average of 98.54% (Table 5). These values indicate good recovery of 
the method. 

HPLC method with isocratic elution was developed for the 
determination of α-mangostin in G. mangostana rind extracts. The 
mixture of 0.1% ortho phosphoric acid and acetonitrile (15:85) gave 
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optimum chromatographic separation of α-mangostin with the other 
peaks in the extract (Figure 2). The wavelength at 243,2 nm was 
used for all measurements due to its maximum absorption. The 
percentage of α-mangostin in the extract was calculated based on 
the peak area using its calibration curve. The content of α-mangostin 
in the extract was expressed as gram per 100 grams of the extract. 
Each determination was carried out in triplicate. 
 

Table 2: Validation parameters for quantification of α-
mangostin 

Parameters Results 
Linear range (µg mL-1 0.5 – 30 ) 
Regression equation* 
Correlation coefficient  

y = 77486. X – 7998.3 
0.99955 

LOD (µg mL-1 0.2807 ) 
LOQ (µg mL-1 0.9357 ) 

* x is the concentration of α-mangostin in µg mL-1

 

, Y is the peak area 
at 243,2 nm 

Table 3: Intra-day precision and accuracy of the method 

Intra- day (n=3) 
CA 
(µg/ml) 

CF 
(mean ± SD) 

RSD 
(%) 

Accuracy (%) 

5 5.0426 ± 0.00 0.02 100.85 
10 9.9865 ± 0.01 0.10 99.86 
20 19.3381 ± 0.02 0.10 96.69 

* Mean of triplicate analyses in a day. 

 

Table 4: Inter-day precision and accuracy of the method 

Inter- day (n=9) 
CA 
(µg mL-1

CF 
) (mean ± SD) 

RSD 
(%) 

Accuracy (%) 

5 5.1788 ± 0.12 2.28 103.57 
10 10.1502 ± 0.21 2.04 101.50 
20 19.5089 ± 0.27 1.36 97.54 

† Mean of triplicate analyses per day over three days, ‡ CA = 
concentration added and CF = concentration found. 

 

Table 5: Recovery study of α-mangostin in mangosteen rind 
extract 

Spike Level 
(µg mL-1) 

*Mean Recovery (%) 

2 94.41 ± 0.00 
5 99.21 ± 0.02 
10 102,01 ± 0.13 

*The results are mean ± SD of 3 experiments 

 

Table 6: α- Mangostin concentration in G. mangostana fruit rind 
extract and fractions 

Extracts *α-mangostin (% w/w) 
70 % Ethanol 50.73± 0.12 
n-Hexane fraction 11.12 ± 0.09 a 

Ethyl acetate fraction 98.66 ± 0.23 b 

Butanol fraction  2.29 ± 0.01 c 

a–c

 

 refer to sub-extracts of the G. mangostana 70 % ethanol extract, 
*The results are mean ± SD of 3 experiments mangostin 

α-Mangostin content in the samples of G. mangostana fruit rind were 
determined by the developed HPLC method is given in Table 2, 
based on the peak area. The contents of α-mangostin in the ethanol 

extract, n-hexane fraction, ethyl acetate fraction and butanol fraction 
were 50.73; 11.12; 98.66; 2.29% w/w, respectively (Table 6). 

 

A 

 

B 

 

C 

 

D 

 

E 

Fig. 3: HPLC chromatograms of G. mangostanaL. extracts at 
243,2 nm. (A) Standard mixture of α-mangostin, (B) ethanol 

extracts, (C) n-hexane fraction, (D) ethyl acetate fraction, 
(E)butanol fraction 



Dachriyanus et al. 
Int J Pharm Pharm Sci, Vol 7, Issue 2, 174-178 

177 

The highest concentration of α-mangostin was obtained in the ethyl 
acetate fraction. Statistical test results obtained value of p <0.005, 
means at α= 0.05 there is a significant difference between the 
concentration of α-mangostin in ethanol extract, hexane fraction, 
ethyl acetate fraction and butanol fraction. HPLC chromatograms of 
all extracts showed the similar pattern with a major peak of α-
mangostin at retention time of 8.87 min. (Figure 2). The identity of 
the peak of α-mangostin in the sample chromatograms was 
confirmed by spiking with its standard and determination of 
retention time. 

Cytotoxicity assay 

Cytotoxic activity was measured using modified MTT assay[13]. 
2×103 cells/well were plated in 96-well plates (Nunc, Denmark) and 
incubated for 24 h before the addition of drugs in incubator 
(temperature 370 C). In second day, cell is added with extract and 
fraction.20 µL extract and fraction 0.1; 1; 10; and 100 µg mL-1 in 
concentration that has dissolved in DMSO completely were added 
into 180 µL cell suspension in RPMI media. Incubation is continued 
in 370 C until third day. After 24 h of incubation in T47D cells, 20 μL 
of MTT (Merck, Germany) reagent (5 mg mL-1) in phosphate 
buffered saline (PBS) was added to each well. The plates were 
incubated at 37°C for 4 h. The medium was discharged and the 
purple precipitate, which had been formed in the cells, were 
dissolved with 100 μL dimethyl sulphoxide (DMSO). After the 
incubation at 37°C for 10 min, the absorbance was measured by 
ELISA microtiter plate reader at wave length of 550 nm. In this 
experiment, ethanol extract and its fractions were tested for their 
effects on inhibition of cell growth against breast cancer cell line 
T47D, over a concentration range (0.1-100 μg mL-1) to determine 
their potency (IC50-50% inhibition of cell growth). Assay was 
performed in vitro on exponentially growing cells. Percentage of cell 
viability was evaluated by measuring the levels of surviving cell after 
incubation for 24h with the test samples, using the MTT colorimetric 
assay. In this assay, Yellow MTT is reduced to a purple formazan dye 
by mitochondrial enzymes in actively respiring but not necessarily 
proliferating cells. The intensity of the color formed can be 
correlated to untreated controls to obtain the IC50

The IC

 value by reading 
the absorbance at wave length of 550 nm.  Profiles obtained from 
cell viability MTT test showed that the ethanolic extract and 
fractions (n-hexane, ethyl acetate, and butanol) of fruit rind of 
Garcinia mangostana L. in general may decrease the viability of cells 
T47D cells compared with controls. The resulting cytotoxic effects 
depending on the level of concentration of the sample where the 
greater concentration of the sample so the greater the levels of 
cytotoxic effect.  

50 values clearly indicated that ethyl acetate fraction of 
mangosteen rind (IC50 = 0.463 µg/mL) had a much more potent 
effecton the T47D breast cancer cell line testedthan ethanol extract, 
hexane fraction, and butanol fraction (Figure 5). However, butanol 
fraction has no cytotoxic activity (IC50 = 51.839 µg/mL). According 
to The National Cancer Institute's America, an extract is said to have 
cytotoxic activity when IC50 values <20 µg mL-1

 

[14]. Statistical 
analysis showed that the sample type and concentration have 
significant effect on the percentage of viability (p< 0.005) also found 
an interaction effect between the type of sample and the 
concentration on the percentage of viability (p< 0.005).  

 

Fig. 4: Viability (%) of T47D cells in differentconcentrations of 
G. mangostana L 

 

Fig. 5: IC50

 

 value of ethanol extract and fractions of G. 
mangostana L. against T47D cell line 

 

Fig. 6: Correlation between α-mangostin concentration and IC
 

50 

It can be seen form Figure 6, the concentrations of α-mangostin have 
a close relationship with the IC50, where r= -0.650. The higher the 
concentration of α-mangostin then the lower the IC50

Statistical analysis 

 value, or 
increased cytotoxic activity. Statistical analysis show there is not a 
significant association (p>0.005). 

Statistical analysis was carried out with the SPSS 15.0 for Windows 
software package. The results are expressed as the mean±SD. One 
way ANOVA and two way ANOVA with Tukey HSD test were used to 
compare the means, and differences were considered significant at 
p<0.05. 

CONCLUSION 

The proposed HPLC method promoted high precision, sensitivity 
and accuracy for quality control of extract of G. mangostana L. rind. 
This proposed method will be useful for quantitative analysis in 
standardization and quality assessment of extract of G. 
mangostanaL. fruit rind for pharmaceutical uses. 

Ethyl acetate fraction from fruit rind of Garcinia mangostana L. 
showed highest activity and potential to find bioactive compound 
against T47D cell line. Strongest cytotoxic activity of ethyl acetate 
fraction of Garcinia mangostana L. may be due to the high content of 
α-mangostin in this fraction. 
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