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Abstract: The extracts of Garcinia mangostana L. (mangosteen) are traditionally used for medicinal 

purposes in Asia. Phenols and xanthones are the two main phenolic compounds with anti-inflam-

matory activities in the pericarps of mangosteen. A simple and economic reverse-phase high-per-

formance liquid chromatography (RP-HPLC) method has been developed for the simultaneous 

quantification of phenols (catechin, epicatechin, and procyanidin B2) in mangosteen. The mobile 

phase was acetonitrile: water (12:88) at 30°C, the flow rate was 1 mL/min, and the detection wave-

length was 230 nm. The results showed good linear relationships for catechin from 50-250 ng and 

for epicatechin and procyanidin B2 from 250-1250 ng. The RP-HPLC fingerprint determination 

method of total xanthones in mangosteen was also established to provide a new method for quality 

control of mangosteen extract. The mobile phase was a methanol-water gradient elution at 30°C, the 

flow rate was 1 mL/min, and the detection wavelength was 320 nm. The similarity of fingerprints of 

10 batches of total xanthones was more than 0.90. These methods had good precision, reproducibil-

ity, and stability and can be applied in the quality control of mangosteen extracts for medicinal 

purposes. 
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1. Introduction 

At present, medicinal plants are still an important source of new drug discovery. For 

example, in recent years, numerous pharmacologically active ingredients have been 

found in plants, such as mangosteen [1-3]. Mangosteen (Garcinia mangostana L.) is a plant 

of genus Garcinia in the family Guttiferae. It is a well-known tropical fruit referred to as 

the “Queen of Fruits”. Mangosteen is native to the Malay Peninsula and the Malay Archi-

pelago; it is widely cultivated in tropical regions of Asia and Africa, including Thailand, 

Vietnam, Malaysia, Indonesia, Philippines, and other Southeast Asian countries, and has 

also been introduced in southern China. In Southeast Asia, the pericarp of mangosteen, 

which accounts for approximately three-quarters of the total weight of the fruit, is used as 

medicine and is widely used to treat abdominal pain, diarrhea, trauma, dysentery, puru-

lence, skin infection, ulcer, etc. [4,5]. Researchers have conducted extensive research on 

the chemical components in mangosteen pericarp and their pharmacological activities, 

and found that they are rich in xanthone components, such as α-, β-, and γ-mangostin, 

and confirmed that these components have various pharmacological effects, including 
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anti-inflammatory, antitumor, antioxidant, antibacterial, anti-HIV, and anti-Alzheimer’s 

disease activities, and are often used as a plant-based dietary supplement in Western 

countries [6-11]. Additionally, in recent years, many polyphenols have been found in man-

gosteen pericarp, including a 4-aryl-2-flavanylbenzopyran derivative, 3,4,3’,5’-tetrahy-

droxy-5-methoxybenzophenone, and a 2,3-dihydrochromone derivative [12]. Our previ-

ous research found that mangosteen pericarp also contains large quantities of polyphe-

nols, such as procyanidins, which possess the same anti-inflammatory activity as α-man-

gostin and other xanthones. The difference was that these procyanidins had a high affinity 

with lipopolysaccharide (LPS) and exerted anti-inflammatory effects by binding and neu-

tralizing LPS [13]. In addition, mangosteen pericarp contains volatile components, such 

as 3-hexen-1-ol, as well as trace elements, including phosphorus, sulfur, magnesium, cal-

cium, and zinc [14]. These studies provide further justification for the use of mangosteen 

pericarp as a traditional medicine. 

Quality control is an important research topic in the process of developing natural 

medicines, and its purpose is to ensure that the quality of natural medicines meets the 

requirements for medicinal use. The quality control of natural medicines includes research 

on the properties, identification, and compositional determination of medicines. Com-

monly used quality control methods include microscopic identification, thin layer chro-

matography (TLC), high-performance liquid chromatography (HPLC), gas chromatog-

raphy (GC), infrared spectroscopy (IR), nuclear magnetic resonance spectroscopy (NMR), 

and DNA fingerprinting. According to the natural medicines and the types and structural 

characteristics of their components, the appropriate detection methods are selected [15-

17]. With the development of chemical research methods, the study of the quality control 

of natural medicines is no longer limited to macroscopic research, such as property iden-

tification of natural medicines, but includes in-depth research on effective chemical com-

ponents. The chemical composition that exerts its medicinal effect is the basis for the me-

dicinal effect of natural medicine. It may be a single component or a combination of com-

ponents. When the quality of the active ingredients of a natural medicine is controlled, the 

quality of the whole medicine can be well controlled, which can ensure the safety and 

efficacy of medicines. Therefore, the key to the quality control research of natural medi-

cines is the quality control of their active ingredients. 

To better develop mangosteen as a medicinal plant resource, a quality control 

method is supposed be established for the active ingredients in its pericarp. In this study, 

according to the characteristics of the main active ingredients in mangosteen pericarp, the 

HPLC technique was used to establish a method for determining the contents of polyphe-

nols (catechin, epicatechin, and procyanidin B2) and the HPLC chromatographic finger-

print of the total xanthones. This study provides a simple and economic method for the 

quality control of the active ingredients of mangosteen pericarp. 

2. Materials and Methods 

2.1. Materials 

Mangosteen was purchased from local fruit supermarkets in Chongqing, China. Ac-

etonitrile and methanol (HPLC grade) were purchased from Honeywell Co., Ltd (USA), 

anhydrous ethanol was purchased from Chongqing Chuandong Chemical (Group) Co., 

Ltd. (China), and ultrapure water was prepared by the ARE1-500L-U00 pure water system 

(Aquapro, USA). Catechin, epicatechin, and procyanidin B2 were purchased from Sigma-

Aldrich Co., Ltd (USA). α-Mangostin was prepared by our laboratory, and the structure 

and purity (greater than 98%) were confirmed by ultraviolet (UV) spectrum, HPLC, and 

NMR measurements (Supplementary Materials Figure S1-S3). The software “Similarity 

Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine” 

was developed by the Chinese Pharmacopoeia Commission. 

2.2. Determination of the polyphenol components in a mangosteen pericarp by HPLC 
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2.2.1. HPLC analysis 

An Agilent 1200 HPLC system (Agilent, USA) equipped with a G1312A binary 

pump, G1316A thermostatted column compartment, and G1315D diode array detector 

(DAD) was used for HPLC analysis. The chromatography column, Agilent ZORBAX SB-

C18 reversed-phase column (150 mm × 4.6 mm, 5 μm), was utilized for chromatographic 

separation. The mobile phase was water:acetonitrile (88:12), the column temperature was 

30°C, the flow rate was 1 mL/min, the detection wavelength was 230 nm, and the injection 

volume was 10 μL. 

2.2.2. Preparation of the standard solution 

After the appropriate amounts of catechin, epicatechin, and procyanidin B2 were ac-

curately weighed, methanol was added to dissolve the samples, and the solution was 

mixed evenly to prepare a mixed standard stock solution with a concentration of 0.125 

mg/mL. To 10-mLvolumetric flasks, 0.4, 0.8, 1.2, 1.6, 2, 4, 6, 8, or 10 mL of the stock solu-

tions was added, methanol was added to dilute the solution to the concentrations of 0.005, 

0.010, 0.015, 0.020, 0.025, 0.050, 0.075, 0.100, and 0.125 mg/mL, respectively. All the solu-

tions were filtered with a 0.22 μm microporous membrane before use. 

2.2.3. Preparation of the sample solution 

Three parts of mangosteen pericarp samples were crushed, and 5 g was taken from 

each part and placed in separate 100-mL conical flask, followed by adding 50 mL of meth-

anol. Then, the three samples were subjected to ultrasonic-assisted extraction for 1 h, re-

flux extraction for 1 h, and cold maceration for 24 h. After the extraction, the samples were 

allowed to stand at room temperature to cool down and then filtered, and the filtrate was 

concentrated under reduced pressure using Rotavapor R-205 rotary evaporator (Büchi 

Company, Switzerland) and dried to obtain the extract. An appropriate amount of the 

extract was dissolved in methanol to prepare a solution with a concentration of 5 mg/mL. 

The solution was shaken well and filtered with a 0.22 μm microporous membrane, and 10 

μL was accurately injected for HPLC analysis to investigate the extraction effect of differ-

ent extraction methods. 

Two parts of the mangosteen pericarp sample were crushed, and 5 g was taken from 

each part and placed in separate 100-mL conical flask, followed by adding 50 mL of meth-

anol and ethyl acetate, respectively, and the two samples were subjected to ultrasonic-

assisted extraction for 1 h. Then, the samples were allowed to stand at room temperature 

to cool down, and filtered, and the filtrate was concentrated under reduced pressure and 

dried to obtain the extract. An appropriate amount of the extract was dissolved in metha-

nol to prepare a solution with a concentration of 5 mg/mL. The solution was shaken well 

and filtered with a 0.22 μm microporous membrane, and 10 μL was injected for HPLC 

analysis to investigate the extraction effect of different solvents. 

Three parts of mangosteen pericarp samples were crushed, and 5 g was taken from 

each part and placed in a separate 100-mL conical flask, followed by adding 50 mL of 

methanol. The three samples were subjected to ultrasonic-assisted extraction for 0.5, 1, 

and 1.5 h. Subsequently, the samples were allowed to stand at room temperature to cool 

down, and filtered, and the filtrate was concentrated under reduced pressure and dried 

to obtain the extract. An appropriate amount of the extract was dissolved in methanol to 

prepare a solution with a concentration of 5 mg/mL. The solution was shaken well and 

filtered with a 0.22 μm microporous membrane, and 10 μL was injected for HPLC analysis 

to investigate the extraction effect of different extraction times. 

According to the results of investigating the extraction method, solvent, and time, a 

method for preparing the sample solution was determined. The mangosteen pericarp 

sample was crushed, and 5 g of the crushed sample was placed in a 100-mL conical flask, 

followed by adding 50 mL of methanol. Then, the sample was subjected to ultrasonic-

assisted extraction for 1 h. The sample was allowed to stand at room temperature to cool 

down, and filtered, and the filtrate was concentrated under reduced pressure and dried 

to obtain the extract. An appropriate amount of the extract was weighed and dissolved in 
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methanol to prepare a solution with a concentration of 5 mg/mL. The solution was shaken 

well and filtered with a 0.22 μm microporous membrane, and 10 μL was injected for HPLC 

analysis. 

2.2.4. Linearity, precision, stability, and repeatability 

HPLC analysis was performed on 10 μL of the standard solution for linearity test. 

The linear regression on the injection amount (x) versus the peak area (y) was performed 

based upon the chromatograms recorded. A standard curve was plotted, and the regres-

sion equation was calculated accordingly. 

For precision examination, 10 μL of the standard solution was analyzed for six repli-

cates. The relative standard deviation (RSD) of the peak area of each standard substance 

was calculated based on the chromatograms recorded. 

Stability test were performed on 10 μL of the sample solution that was collected at 0, 

2, 4, 6, and 8 h, respectively, after preparation. The RSD of the peak area of each substance 

was calculated based on the chromatograms recorded. 

In terms of repeatability, six replicates of the same batch of mangosteen were pre-

pared, and 10 μL of each sample solution was injected for HPLC analysis. The RSD of the 

peak area of each substance was calculated based on the chromatograms recorded. 

2.2.5. Spike and recovery 

Six mangosteen samples with known content were crushed, and 5 g from each sam-

ple was placed in a separate conical flask, followed by adding an appropriate amount of 

standard substance and 50 mL of methanol. The sample was prepared according to the 

method of sample solution preparation. Then, an appropriate amount of the extract was 

dissolved in methanol to prepare a solution with a concentration of 5 mg/mL. The solution 

was shaken well and filtered with a 0.22 μm microporous membrane, and 10 μL was in-

jected for HPLC analysis. The chromatogram was recorded, and calculations were carried 

out according to the recovery equation to examine the accuracy. 

2.2.6. Quantification of catechin, epicatechin, and procyanidin B2 

Two batches of mangosteen pericarp samples were randomly selected and crushed, 

and 5 g was used to prepare a solution of the test product. Subsequently, 10 μL of the 

solution was injected for HPLC analysis, the chromatogram was recorded, and the content 

of each component was calculated. 

2.3. Establishment of the chromatographic fingerprint of total xanthones by HPLC 

2.3.1. HPLC analysis 

An Agilent ZORBAX SB-C18 reversed-phase column (150 mm × 4.6 mm, 5 μm) was 

used, gradient elution was performed with a mobile phase of methanol:water (0 to 32 min, 

77:23; 32 to 55 min, 77:23 to 100:0), the column temperature was 30°C, the flow rate was 1 

mL/min, and the detection wavelength was 320 nm. 

2.3.2. Preparation of the reference solution 

An appropriate amount of α-mangostin was dissolved by adding methanol to pre-

pare a solution with a concentration of 0.5 mg/mL, which was used as a fingerprint refer-

ence substance. 

2.3.3. Preparation of the sample solution 

Appropriate amounts of 10 batches of mangosteen total xanthone extract were dis-

solved in methanol to prepare a solution with a concentration of 1 mg/mL, and filtered 

with a 0.22 μm microporous membrane before use. 

2.3.4. Precision, stability, and reproducibility 

HPLC analysis was performed on 10 μL of the sample solution that was analyzed for 

five replicates for precision test. The sample solutions were examined at 0, 2, 4, 6 and 8hrs, 

respectively, after preparation for stability test. Five replicates of the sample solution were 

prepared, and 10 μL of each solution was injected for HPLC analysis. The RSDs of the 
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relative retention time and the peak area ratio of each common peak were calculated based 

on the chromatograms recorded. 

2.3.5. Establishment of the chromatographic fingerprint and the similarity calculation 

The 10 batches of the sample solution were analyzed by HPLC, the chromatograms 

were recorded, the average values of characteristic parameters, including the relative re-

tention time and the peak area ratio, were calculated, and the pattern of the chromato-

graphic fingerprint was established by using the “Similarity Evaluation System for Chro-

matographic Fingerprint of Traditional Chinese Medicine” developed by the Chinese 

Pharmacopoeia Commission. The similarity of each common peak in the sample solution 

and pattern of the chromatographic fingerprint was calculated by the cosine ratio method 

[18], and the similarity of each fingerprint was evaluated. 

3. Results 

3.1. Quantification of the polyphenols in mangosteen pericarp 

3.1.1. HPLC analysis 

A C18 reversed-phase chromatography column was used and eluted with water:ac-

etonitrile (88:12), and 230 nm was selected as the detection wavelength based on the ul-

traviolet (UV) absorption spectrum acquired by DAD. Under this condition, each com-

pound could be efficiently separated from other substances in the sample. Good separa-

tion was achieved, and the theoretical plate numbers of catechin, epicatechin, and procy-

anidin B2 were not less than 3000 (Figure 1). 

  
(a) (b) 

Figure 1. HPLC chromatograms of the standard substances and test samples. (a) Standard sub-

stances (1. catechin; 2. procyanidin B2; 3. epicatechin). (b) Test samples (1. catechin; 2. procyanidin 

B2; 3. epicatechin) 

3.1.2. Preparation of the sample solution 

The results of investigating the three extraction methods of ultrasound, reflux, and 

cold maceration showed that the content of each component (chromatographic peak area) 

in the ultrasonic-assisted extract was the highest (Supplementary Materials Table S1), in-

dicating that the ultrasonic-assisted extraction effect was the best, followed by the reflux 

extraction method, so ultrasonic-assisted extraction was selected as the extraction method 

for preparing the sample solution. According to the solubility of the compounds, metha-

nol and ethyl acetate were selected as the extraction solvents. The investigation results 

suggested that the content of each component (chromatographic peak area) was the high-

est in the methanol extract (Supplementary Materials Table S2), indicating that methanol 

used as the extraction solvent could provide the best effect. Therefore, methanol was se-

lected as the extraction solvent for preparing the sample solution. The results of the inves-

tigation of the time of ultrasonic-assisted extraction with methanol showed that a satisfac-

tory extraction effect could be achieved within 1 h, after which the content of each com-

ponent (chromatographic peak area) in the extract did not increase (Supplementary Ma-

terials Table S3), so the extraction time for preparing the sample solution was 1 h. 
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3.1.3. Linearity, precision, stability, and repeatability 

The regression equation of catechin was y = 1.9662x - 5.17 (r = 0.9992), and the linear 

range was 50-250 ng (Supplementary Materials Table S4). The regression equation of epi-

catechin was y = 2.1752x - 113.07 (r = 0.9993), and the linear range was 250-1250 ng (Sup-

plementary Materials Table S5). The regression equation of procyanidin B2 was y = 

0.8531x + 6.81 (r = 0.9995), and the linear range was 250-1250 ng (Supplementary Materials 

Table S6). 

The RSDs of the peak areas of the catechin, epicatechin, and procyanidin B2 reference 

substances were 2.26%, 1.88%, and 2.07% (Supplementary Materials Table S7), respec-

tively, indicating a good instrument precision. 

The RSD values of the peak areas of catechin, epicatechin, and procyanidin B2 in the 

sample solution within 8 h were 1.99%, 2.84%, and 1.73% (Supplementary Materials Table 

S8), respectively, indicating that the sample solution was stable within 8 h. The detection 

of all samples in the experiment was complete within 8 h. 

The RSD values of the contents of catechin, epicatechin, and procyanidin B2 in the 

sample solution were 1.99%, 1.45%, and 2.96% (Supplementary Materials Table S9), re-

spectively, indicating that the method was reproducible. 

3.1.4. Spike and recovery  

The experimental results of the spike-recovery test showed that the recoveries of cat-

echin, epicatechin, and procyanidin B2 were 99.3%, 99.5%, and 99.8%, respectively, and 

the RSDs of the recoveries of catechin, epicatechin, and procyanidin B2 were 2.8%, 2.7%, 

and 2.7%, respectively, suggesting that the method was accurate (Supplementary Materi-

als Table S10). 

3.1.5. Quantification of catechin, epicatechin, and procyanidin B2 

Two batches of mangosteen pericarp were measured, and the results showed that the 

average contents of catechin, epicatechin, and procyanidin B2 in mangosteen pericarp 

were 0.0065%, 0.0780%, and 0.0775%, respectively (Supplementary Materials Table S11). 

3.2. Chromatographic fingerprint of total xanthones 

3.2.1. HPLC analysis 

A C18 reversed-phase chromatographic column was used, gradient elution was car-

ried out with a mixture of methanol:water, the column temperature was 30°C, the flow 

rate was 1 mL/min, and 320 nm was finally selected as the detection wavelength based on 

the UV absorption spectrum acquired by DAD. The chromatograms of the reference sub-

stance (α-mangostin) and the test sample are shown in Figure 2. 

 

Figure 2. HPLC chromatograms of the reference substance (S) and the test sample. (a) Chromato-

gram of reference substance S (α-mangostin); (b) Chromatogram of the test sample. 

3.2.2. Precision, stability, and reproducibility 
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The RSD of the relative retention time and the peak area ratio of each common peak 

was less than 3% (Supplementary Materials Table S12 and S13), which met the require-

ments of the chromatographic fingerprint, demonstrating that the instrument had good 

precision. 

The RSD of the relative retention time and the peak area ratio of each common peak 

of the sample solution within 8 h was less than 3% (Supplementary Materials Table S14 

and S15), indicating that the test sample was stable within 8 h, so the detection of all sam-

ples in this experiment was complete within 8 h. 

The RSD of the relative retention time and the peak area ratio of each common peak 

was less than 3% (Supplementary Materials Table S16 and S17), which met the require-

ments of the fingerprint, suggesting that the method had good reproducibility. 

3.2.3. Pattern of the chromatographic fingerprint  

The common pattern of chromatographic fingerprint of 10 batches of total xanthones 

in mangosteen pericarp was obtained by using “Similarity Evaluation System for Chro-

matographic Fingerprint of Traditional Chinese Medicine” (Figure 3), and the pattern of 

the chromatographic fingerprint (Table 1) was established using cosine ratio method. 

Among them, seven peaks were found as common fingerprint peaks, and the sum of the 

area percentages of noncommon peaks was less than 3%, which meets the requirements 

of the chromatographic fingerprint. 

 

Figure 3. Common pattern of the chromatographic fingerprints of total xanthones in 10 batches 

of mangosteen pericarp. S (peak No. 4) indicates the reference substance (α-mangostin). 

Table 1. Pattern of the chromatographic fingerprints of 10 batches of total xanthones of mangosteen 

pericarp. 

Common peak Relative retention time Peak area ratio 

1 0.337 0.017 

2 0.489 0.115 

3 0.549 0.025 

4 (S) 1 1.000 1.000 

5 1.514 0.007 

6 1.606 0.020 

7 1.864 0.004 
1 S: the reference substance (α-mangostin) 

3.2.4. Similarity 

Using α-mangostin as a reference, the cosine ratio method was used to calculate the 

similarity between the common fingerprint peaks in the 10 batches of mangosteen sam-

ples and the corresponding common peaks in the pattern (Figure 4). The results showed 

that the 10 batches of mangosteen samples were similar according to the calculation of 
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“Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese 

Medicine” (Table 2). 

 

Figure 4. Chromatographic fingerprints of total xanthones in 10 batches of mangosteen peri-

carp. S (peak No. 4) indicates the reference substance (α-mangostin). 

Table 2. Similarity of the chromatographic fingerprints of 10 batches of total xanthones of mango-

steen pericarp. 

Batch 1 2 3 4 5 6 7 8 9 10 
Common 

pattern 

1 / 0.9998 0.9997 0.9997 0.9996 0.9992 0.9990 0.9997 0.9998 0.9999 0.9997 

2 0.9998 / 0.9999 0.9999 0.9999 0.9997 0.9996 0.9999 0.9999 0.9999 0.9999 

3 0.9997 0.9999 / 0.9999 0.9999 0.9998 0.9997 0.9999 0.9999 0.9999 0.9999 

4 0.9997 0.9999 0.9999 / 0.9999 0.9998 0.9997 0.9999 0.9999 0.9999 0.9999 

5 0.9996 0.9999 0.9999 0.9999 / 0.9998 0.9997 0.9999 0.9999 0.9999 0.9999 

6 0.9992 0.9997 0.9998 0.9998 0.9998 / 0.9999 0.9998 0.9996 0.9996 0.9998 

7 0.9990 0.9996 0.9997 0.9997 0.9997 0.9999 / 0.9997 0.9995 0.9995 0.9997 

8 0.9997 0.9999 0.9999 0.9999 0.9999 0.9998 0.9997 / 0.9999 0.9999 0.9999 

9 0.9998 0.9999 0.9999 0.9999 0.9999 0.9996 0.9995 0.9999 / 0.9999 0.9999 

10 0.9999 0.9999 0.9999 0.9999 0.9999 0.9996 0.9995 0.9999 0.9999 / 0.9999 

Common 

pattern 
0.9997 0.9999 0.9999 0.9999 0.9999 0.9998 0.9997 0.9999 0.9999 0.9999 / 

Cosine ratio 0.9997 0.9999 0.9999 0.9999 0.9999 0.9998 0.9997 0.9999 0.9999 0.9999 / 

4. Discussion 

As a medicinal and edible plant resource that has been used for a long time in South-

east Asia, mangosteen has also entered other Asian countries and European and American 

countries in recent years. The study of its active ingredients provides evidence to clarify 

its pharmacological activity and mechanism of action and lays the basis for the develop-

ment of new medicinal resources. In addition to the research on active ingredients and 

their activities, quality control research is also a crucial research work, and it is a necessary 

monitoring measure to ensure quality. HPLC has the advantages of high separation effi-

ciency, fast analysis speed, high sensitivity, and wide application range, and it is espe-

cially suitable for the separation and qualitative and quantitative analysis of complex 

mixed components [19,20]. In this paper, this technique was used to explore the method 

for determining the contents of the main active ingredients in mangosteen and the corre-

sponding chromatographic fingerprint, which provided a basis for the quality control and 

evaluation of mangosteen and was conducive to the further development of this im-

portant medicinal plant resource. 
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In the study of the method for determining the content of polyphenols, the extraction 

method, solvent, and time were first investigated, showing that the effect of ultrasonic-

assisted extraction with methanol was the best, and it was suitable for experimental oper-

ation. Second, in the screening of chromatographic conditions, mobile phases, such as wa-

ter-methanol, water-acetonitrile, and glacial acetic acid-acetonitrile, were used succes-

sively. The results showed that the compounds could be efficiently separated with wa-

ter:acetonitrile (88:12), the peak shape was good, and the retention time was appropriate. 

The UV absorption spectrum was acquired using the DAD, and the above four com-

pounds had absorptions at 230 nm and 280 nm, with 230 nm the maximum absorption 

wavelength. Although 230 nm was close to the short-wavelength end absorption peak, 

the selected mobile phase (water:acetonitrile) had a low cutoff wavelength (190 nm). Ad-

ditionally, under this chromatographic condition, the interference was small, and baseline 

separation could be achieved for the components, so 230 nm was finally selected as the 

detection wavelength for this method after considering the detection sensitivity. At pre-

sent, no method has been reported for simultaneously determining the contents of cate-

chin, epicatechin, and procyanidin B2 in mangosteen pericarp. In this study, an HPLC 

method was established to simultaneously determine the contents of the above three pol-

yphenol components. The methodological investigation showed that the method was sim-

ple, accurate, and suitable for the quality control of the active ingredients of mangosteen, 

laying a foundation for the further development of the medicinal value of mangosteen. 

A method for determining the content of individual xanthone components in man-

gosteen pericarp, such as α-mangostin, has been reported [21,22], and in the present study, 

the HPLC chromatographic fingerprint of the total xanthones in mangosteen pericarp was 

explored, including HPLC conditions and a method validation, and the quality control of 

total xanthones was studied more comprehensively. α-Mangostin is the indicator compo-

nent with the highest content in the total xanthones of mangosteen, and it is the main 

active ingredient of this part. Therefore, it was selected as the reference substance for the 

chromatographic fingerprint of total mangosteen xanthone, and the chromatographic fin-

gerprint of total xanthones in mangosteen pericarp was established by HPLC. In the ex-

periment of chromatographic conditions screening, different ratios of mobile phases, such 

as water-methanol, water-acetonitrile, phosphoric acid-methanol, and phosphoric acid-

acetonitrile, were used. The results showed that the water-methanol gradient elution 

could meet the experimental requirements, with many eluted peaks and good resolution, 

the recording time of the spectrum was 1 h, and the retention time of each component was 

suitable. The detection wavelength was selected in combination with the acquired UV ab-

sorption spectrum and literature reports. The absorbances of the xanthone components in 

mangosteen were mainly found at approximately 205 nm, 240 nm, and 320 nm. Consid-

ering the number of peaks, sensitivity, interference, and other factors, 320 nm was finally 

selected as the detection wavelength. Through the analysis of characteristic parameters, 

such as the relative retention time and the peak area ratio, seven common fingerprint 

peaks were calibrated, and the sum of noncommon peak areas was less than 3%, which 

met the technical requirements of the chromatographic fingerprint. Consequently, the 

“Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese 

Medicine” was used to establish the pattern standard of the chromatographic fingerprint 

of total xanthones of mangosteen. The similarity of the fingerprint peaks of each batch 

was calculated by the cosine ratio method, and the similarity of 10 batches of samples was 

evaluated, providing a scientific method for the study of quality control of the total xan-

thones of mangosteen. 

5. Conclusions 

In this study, by exploring a method for quantitative determination and chromato-

graphic fingerprint of the two main anti-inflammatory active ingredients, polyphenols 

and xanthone components, in mangosteen pericarp, a simple and economic HPLC method 

for the quality control of mangosteen pericarp extract has been developed, providing the 
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theoretical and experimental basis for further development of this medicinal plant re-

source. 
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Table S7: The result of precision; Table S8: The result of stability; Table S9: The result of repeatability; 

Table S10: The result of recovery; Table S11: The results of quantitative determination of catechin, 

epicatechin, and procyanidin B2; Table S12: The result of precision (relative retention time of com-

mon peaks); Table S13: The result of precision (peak area ratio of common peaks); Table S14: The 

result of stability (relative retention time of common peaks); Table S15: The result of stability (peak 

area ratio of common peaks); Table S16: The result of reproducibility (relative retention time of com-

mon peaks); Table S17: The result of reproducibility (peak area ratio of common peaks). 

Author Contributions: Conceptualization, X.Z. and E.Z.; methodology, D.X. and M.G; software, 

D.X. and B.J; validation, Z.L. and X.Z.; formal analysis, D.X. and M.G; investigation, Z.L.; resources, 

X.Z.; data curation, D.X. and B.J; writing—original draft preparation, D.X.; writing—review and 

editing, X.Z. and E.Z.; visualization, X.Z. and E.Z.; supervision, X.Z. and E.Z.; project administra-

tion, D.X. and X.Z.; funding acquisition, X.Z. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research was funded by National Natural Science Foundation of China (grant num-

ber 81803394), Chongqing Special Support Fund for Post Doctor and Natural Science Foundation of 

Chongqing (grant number cstc2021jcyj-msxmX1078) 

Data Availability Statement: The data supporting reported results of this study are included within 

the article and supplementary materials. 

Acknowledgments: The authors are grateful to Prof. Yimin Zheng for assisting with the sample 

preparation and characterization of α-mangostin. 

Conflicts of Interest: The authors declare no conflict of interest. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 January 2022                   doi:10.20944/preprints202201.0405.v1

https://doi.org/10.20944/preprints202201.0405.v1


 

 

References 

1. Balunas, M.J.; Kinghorn, A.D. Drug discovery from medicinal plants. Life Sci 2005, 22, 431-441. 

2. Thomford, N.E.; Senthebane, D.A.; Rowe, A.; Munro, D.; Seele, P.; Maroyi, A.; Dzobo, K. Natural Products for Drug Discovery 

in the 21st Century: Innovations for Novel Drug Discovery. Int J Mol Sci 2018, 25, 1578. 

3. Kinghorn, A.D.; Chai, H.B.; Sung, C.K.; Keller, W.J. The classical drug discovery approach to defining bioactive constituents of 

botanicals. Fitoterapia 2011, 82, 71-79. 

4. Pedraza-Chaverri, J.; Cárdenas-Rodríguez, N.; Orozco-Ibarra, M.; Pérez-Rojas, J.M. Medicinal properties of mangosteen 

(Garcinia mangostana). Food Chem Toxicol 2008, 46, 3227-3239. 

5. Ovalle-Magallanes, B.; Eugenio-Pérez, D.; Pedraza-Chaverri, J. Medicinal properties of mangosteen (Garcinia mangostana L.): A 

comprehensive update. Food Chem Toxicol 2017, 109, 102-122. 

6. Wang, M.H.; Zhang, K.J.; Gu, Q.L.; Bi, X.L.; Wang, J.X. Pharmacology of mangostins and their derivatives: A comprehensive 

review. Chin J Nat Med 2017, 15, 81-93. 

7. Shan, T.; Ma, Q.; Guo, K.; Liu, J.; Li, W.; Wang, F.; Wu, E. Xanthones from mangosteen extracts as natural chemopreventive 

agents: potential anticancer drugs. Curr Mol Med 2011, 11, 666-677. 

8. Yang, A.; Liu, C.; Wu, J.; Kou, X.; Shen, R. A review on α-mangostin as a potential multi-target-directed ligand for Alzheimer’s 

disease. Eur J Pharmacol 2021, 897, 173950. 

9. Yu, L.M.; Zhao, M.M.; Yang, B.; Bai, W.D. Immunomodulatory and anticancer activities of phenolics from Garcinia mangostana 

fruit pericarp. Food Chem 2009, 116, 969-973. 

10. Gutierrez-Orozco, F.; Failla, M.L. Biological activities and bioavailability of mangosteen xanthones: a critical review of the cur-

rent evidence. Nutrients 2013, 5, 3163-3183. 

11. Benatrehina, P.A.; Pan, L.; Naman, C.B.; Li, J.; Kinghorn, A.D. Usage, biological activity, and safety of selected botanical dietary 

supplements consumed in the United States. J Tradit Complement Med 2018, 8, 267-277. 

12. Yoshimura, M.; Ninomiya, K.; Tagashira, Y.; Maejima, K.; Yoshida, T.; Amakura, Y. Polyphenolic Constituents of the Pericarp 

of Mangosteen (Garcinia mangostana L.). J Agric Food Chem 2015, 63, 7670-7674. 

13. Zheng, X.C.; Yang Y.J.; Lu Y.L.; Chen, Q. Affinity-Guided Isolation and Identification of Procyanidin B2 from Mangosteen 

(Garcinia mangostana L.) Rinds and its In Vitro LPS Binding and Neutralization Activities. Plant Foods Hum Nutr 2021, 76, 442-

448. 

14. Aizat, W.M.; Ahmad-Hashim, F.H.; Syed Jaafar, S.N. Valorization of mangosteen, "The Queen of Fruits," and new advances in 

postharvest and in food and engineering applications: A review. J Adv Res 2019, 20, 61-70. 

15. Liang, Y.Z.; Xie, P.; Chan, K. Quality control of herbal medicines. J Chromatogr B 2004, 812, 53-70. 

16. Klein-Junior, L.C.; de Souza, M.R.; Viaene, J.; Bresolin, T.M.B.; de Gasper, A.L.; Henriques, A.T.; Heyden, Y.V. Quality Control 

of Herbal Medicines: From Traditional Techniques to State-of-the-art Approaches. Planta Med 2021, 87, 964-988. 

17. Song, X.Y.; Li, Y.D.; Shi, Y.P.; Jin, L.; Chen, J. Quality control of traditional Chinese medicines: a review. Chin J Nat Med 2013, 

11, 596-607. 

18. Liang, Y.Z.; Xie, P.; Chan, K. Quality control of herbal medicines. J Chromatogr B 2004, 812, 53-70. 

19. Li, M.; Hou, X.F.; Zhang, J.; Wang, S.C.; Fu, Q.; He, L.C. Applications of HPLC/MS in the analysis of traditional Chinese medi-

cines. J Pharm Anal 2011, 1, 81-91. 

20. Shen, M.R.; He, Y.; Shi, S.M. Development of chromatographic technologies for the quality control of Traditional Chinese Med-

icine in the Chinese Pharmacopoeia. J Pharm Anal 2021, 11, 155-162. 

21. Ji, X.; Avula, B.; Khan, I.A. Quantitative and qualitative determination of six xanthones in Garcinia mangostana L. by LC-PDA 

and LC-ESI-MS. J Pharm Biomed Anal 2007, 43, 1270-1276. 

22. Wittenauer J.; Falk S.; Schweiggert-Weisz U.; Carle R. Characterisation and quantification of xanthones from the aril and peri-

carp of mangosteens (Garcinia mangostana L.) and a mangosteen containing functional beverage by HPLC-DAD-MS. Food Chem 

2012, 134, 445-452. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 January 2022                   doi:10.20944/preprints202201.0405.v1

https://doi.org/10.20944/preprints202201.0405.v1

