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Abstract: The content of total polyphenols, DNA damage protective effect, and antioxidant activity of different solvent
extracts including hexane, acetidin (ethyl acetate), acetone, ethanol, and methanol) from Garcinia mangostana pericarp were
investigated and compared. The results showed that the content of total polyphenols is significantly affected by extracting
solvents, and resulting in variation of antioxidant activities of Garcinia mangostana pericarp. Methanol, acetone, and ethanol
extracts exhibited the better DNA protective effect, the same as that of 100 pM of Trolox. The methanol extract exhibited
the strongest antioxidant activities because it possessed the highest total polyphenols content, followed by acetone and
ethanol extracts, while other extracts had both lower the content of active compounds and bioactivities. These results
indicated that selective extraction from Garcinia mangostana pericarp, by an appropriate solvent, is important for obtaining
fractions with high antioxidant activity, which will be useful for the developing and application of mangosteen pericarp as a
new local source of bioactive compounds in foods and medicine industries.
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preserve the quality and improve the shelf-life of food
products [6, 8]. The plants or their extracts can also be used
as natural colorants of foodstuffs, and they are believed to

species (RNS) are products of normal cellular metabolism ~ P¢ safe, and non-toxic to humans [9, 10]. Of late, many
in living organisms [1]. However, the excessive amounts of ~ compounds, especially of plant origin, have been reported
ROS and RNS bring about degradation of cellular to exhibit rich ant10x1dant.p.ropertles [6, 71. .

components such as carbohydrates, proteins, lipids, DNA The mangosteen (Garcinia mangostana L.), belonging to
and RNA, which lead to cell death and tissue damage. So the family Guttiferae, is a tropical evergreen tree widely

many pathophysiological conditions are initiated by excess ~ distributed in India, Myanmar, Malaysia, Philippines, Sri
reactive species [2-4]. In addition, ROS is also one of the Lanka, and Thailand [11]. The mangosteen-fruit is dark

major causes of spoilage of foods containing significant purple or red@ish, with white, soft and juicy edible pulp with
amounts of polyunsaturated fatty acids [3-5]. In industry, 2 slightly acid and sweet flavor and a pleasant aroma [12],

synthetic chemicals have frequently been made to prevent and its products are now w1d.e1y avall?lble and are highly
oxidation. However, consumers have grown concerned popular because of their perceived role in enhancing human

about the side effects of synthetic chemicals and want safe health. The pericarp of mangosteen fruit has also been used

materials for preventing and controlling the oxidation in as a medicinal agent by Southeast Asians for centuries in the
foods [6, 7] treatment of abdominal pain, dysentery, suppuration,

infected wound, leucorrhoea, chronic ulcer, cholera and
fever [11, 13, 14]. It contains abundant bioactive substances
such as mangostin, tannin, xanthone, flavone, phenolic

1. Introduction

Reactive oxygen species (ROS) and reactive nitrogen

Plants can be an excellent source of natural antioxidants
and can be effectively used in the food industry as a source
of dietary supplements or as natural antioxidants to
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compounds and so on [15-17], which can make it possess a
wide range of biological activities, such as antioxidant
activity [18, 19], antibacterial activity [20, 21],
anti-inflammatory activity [22], antitumor activity [23],
cytotoxic activities [13] and so on [11, 24]. However, the
content of bioactive substances is affected by genetic,
cultural practices and climatic factors during the plant
growth cycle. The extraction yield is influenced by
extraction methods [25, 26] and extraction solvents [27, 28]
during extraction due to differences in the structure of these
compounds and their physicochemical properties. So
depending on the solvent used for extracting bioactive
compounds, extracts obtained from the same plant may vary
widely with respect to their concentration and activities [27,
28]. To the best of our knowledge, data on the pericarp of
Garcinia mangostana in this respect are still scarce. In order
to assess the effect of solvent system on the content and
antioxidant activities of bioactive substances from
mangosteen pericarp, we compared the content of total
phenolics, and their DNA damage protective effect, and
antioxidant activities of mangosteen pericarp under five
extracting solvents. The expected results will be useful for
the developing and application of mangosteen pericarp as a
new local source of bioactive compounds for economic and
health utilization.

2. Materials and Methods
2.1. Plant Materials

The Garcinia mangostana fruit at the commercially
mature stage was bought in the summer of 2013 from a
local supermarket. The plant material was identified by
Prof. Qing-Ping Hu, College of Life Sciences, Shanxi
Normal University. A voucher specimen was deposited in
the College of Life Sciences, Shanxi Normal University,
Linfen City, China. They were cleaned with distilled water
and then peeled manually. Subsequently, the fruit pericarp
was lyophilized and then stored in polyethylene bags at 4
°C+0.5 °C until analysis.

2.2. Reagents

2,4,6-Tri-(2-pyridyl)-s-triazine (TPTZ) and Trolox were
purchased from Fluka (Switzerland). Gallic acid, agarose,
2,2’-azino-bis  (3-ethylbenothiazoline-6-sulfonic  acid)
diammonium salts (ABTS), ethidium bromide, and
2,2-Diphenyl-1-picrylhydrazyl (DPPH) were purchased
from Sigma (United States). Plasmid DNA was purchased
from Bao Bioengineering Co. LTD. Other chemicals used
were all of analytical grade.

2.3. Preparation of Extracts

The dried fruit pericarps were finely ground by a micro
plant grinding machine (FZ102; Tianjin Taisite Instruments,
Tianjin, China). Ground samples (500 g) were blended with
5 L solvent and shaken with a laboratory rotary shaker at 150
rpm for 4 h at 30 °C, and then the homogenates were

centrifuged for 20 min at 4 °C and 5 000 g in a centrifuge
(Eppendorf 5417R, Germany). After centrifugation, the
supernatants were pooled, and vacuum-evaporated to
dryness at 40 °C. Extracts were obtained using different
solvents with increasing polarity: hexane, acetidin, acetone,
ethanol, and methanol. All extracts were stored at -4 °C until
analysis was performed.

2.4. Determination of Total Phenolic Content (TPC)

Total phenolic content was determined as described by
Rebey et al. [29] with slight modifications. An aliquot (0.1
mL) of diluted extracts, 2.8 mL of deionized water and 0.1
mL of 1.0M Folin-Ciocalteu reagent were mixed and
stirred. After 8 min, 2 mL of 7.5% sodium carbonate
solution was added and mixed thoroughly. The absorbance
of the reaction mixtures was measured at 765 nm after
incubation for 2 h at room temperature. Gallic acid was
used for calibration of the standard curve and total phenolic
content was expressed as milligram gallic acid equivalent
per gram dried weight (mg GAE/g DW). All extracts were
tested in triplicates.

2.5. Antioxidant Activities

2.5.1. DPPH Assay

The DPPH radical scavenging activity was determined
according to the method of Xu, Hu, and Liu [30]. Briefly,
each of sample solution was serially diluted in methanol to
various concentrations respectively, and then 0.5 mL of
samples was mixed with 2.5 mL of 60 uM DPPH dissolved
in methanol. The mixture was shaken vigorously and left to
stand for 30 min in the dark, and the absorbance was
measured at 517 nm against a solvent blank. The scavenging
rate on DPPH radicals was calculated according to the
formula: scavenging rate (%) = [1- (A; - As)/Aq] x 100,
where A, is the absorbance of the control solution (0.5 mL
methanol in 4.5 mL of DPPH solution), A, is the absorbance
in the presence of phenolic extracts in DPPH solution and As,
which is used for error correction arising from unequal color
of the sample solutions, is the absorbance of the extracts
solution without DPPH. The scavenging activity of the
sample on DPPH radicals was expressed by ECs, value. All
extracts were tested in triplicates. ECsy value is the effective
concentration at which DPPH radicals are scavenged by
50% and is obtained by interpolation from regression
analysis. A lower ECsy value corresponds to a higher
scavenging capacity.

2.5.2. ABTS Assay

The ABTS cation radical scavenging activity was
determined according to the method described by Xu, Hu,
and Liu [30]. Briefly, ABTS cation radicals were generated
by a reaction of 7.0 mmol/L ABTS and 2.45 mmol/L
potassium persulfate. The reaction mixture was allowed to
stand in the dark at room temperature for 16-24 h before use
and used within 2 days. The ABTS" solution was diluted
with methanol to an absorbance of 0.700 + 0.050 at 734 nm.
One hundred microliters of the diluted samples was mixed
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with 2.0 mL of diluted ABTS" solution. The mixture was
allowed to stand for 6 min at room temperature and the
absorbance was immediately recorded at 734 nm. The
scavenging rate and ECsy value were calculated using the
equation described for DPPH assay. All extracts were
tested in triplicates.

2.5.3. Ferric Reducing Antioxidant Power (FRAP) Assay

The reducing ability was determined by the method
described by Xu et al. [30]. Briefly, the FRAP reagent was
freshly prepared from 300 mM sodium acetate buffer (pH
3.6), 10 mM TPTZ solution in 40 mM HCl and 20 mM FeCl,
solution in proportions of 10:1:1 (v/v/v), respectively. The
FRAP reagent was prepared fresh daily and was warmed to
37 °C in a water bath prior to use. Then 0.1 mL of the tested
sample solution was mixed with 1.8 mL of FRAP reagent
and 3.1 mL ultra-pure water. The absorbance of the
reaction mixture was measured at 593 nm after incubation
for 30 min at 37 °C. The standard curve was constructed
using FeSO, solution (100-1000 uM), and FRAP value was
expressed as micromoles Fe(Il) per gram DW. All extracts
were tested in triplicates.

2.6. DNA Damage Protective Effect Assay

The ability of samples to protect supercoiled pBR322
plasmid DNA against H,O, was estimated by the DNA
nicking assay as described by Xu et al. [30]. The reaction
mixtures (15 pL) contained 5 pL of phosphate buffer saline
(PBS, 10 mM, pH 7.4), 1 pL of plasmid DNA (0.5 pg), 5 uL
of sample, 2 pL of 1 mM FeSO, and 2 pL of 1 mM H,0,
were incubated at 37 °C for 30 min. After incubation, 2 uL of
a loading buffer (50% glycerol (v/v), 40 mM EDTA and
0.05 % bromophenol blue) were added to stop the reaction
and the reaction mixtures were electrophoresed on 1%
agarose gel containing 0.5 pg/mL ethidium bromide in
Tris/acetate/EDTA gel buffer for 60 min (60 V), and the
DNA in the gel was visualized and photographed under
ultraviolet light. The protective effect were expressed as a
percentage content of the supercoiled form of plasmid DNA
treated with samples in untreated plasmid DNA. Trolox (100
1M) was used as positive control.

2.7. Statistical Analysis

All  experiments were conducted three times
independently and the experimental data were expressed as
mean + standard deviation (SD). One-way analysis of
variance (ANOVA) and Duncan’s multiple range tests were
carried out to determine significant differences (p < 0.05)
among the means by SPSS (version 13.0).

3. Results and Discussion

3.1. Contents of Total Polyphenols

The levels of total polyphenols in different extracts from
Garcinia mangostana pericarp are shown in Fig. 1. Results
showed that phenolic contents of different extracts varied

considerably and ranged from 8.82 to 85.92 mg GAE/g DW,
respectively, for hexane and methanol. With respect to total
phenolic content, solvents used in the present study could
be classified in the following decreasing order: methanol >
acetone > ethanol > acetidin > hexane. These results were
basically consistent with previous studies [28, 29, 31].
However, unlike the present results, Cheok et al. [26]
reported that the TPC of 245.78 mg CGE/g DW from
mangosteen was obtained in ethanol, which may result
from different extraction methods.

100

80 :[ b

S|

c

) b

OD

E 60t I

g

2

g 40 1

Q

=

—_ C

Q L

g5 20 T d

=

= -

0
methanol  ethanol  acetone  acetidin  hexane

Extracts

Figure 1. Total polyphenols content in different extracts. Data are
expressed as the mean values of three independent replicates + SD.
Different letters indicate statistically significant differences among the
means (P < 0.05) for different extracts.

3.2. DPPH Radical Scavenging Activity

The antioxidant activity is influenced by many factors
and there are more commonly used methods. The
antioxidant activity cannot be fully described with one
single method because of their advantages and
disadvantages of each (43). Consequently, it is necessary
to perform more than one type of antioxidant activity
measurement to take into account the different
mechanisms of antioxidant action. In this assay, the
antioxidant activity of different extracts from Garcinia
mangostana pericarp stages are measured by DPPH,
ABTS and FRAP assays.

The effects of solvents on the DPPH scavenging activity
of Garcinia mangostana pericarp extracts are shown in
Table 1. The ECs, values of different extracts ranged from
60.5 (for methanol) to 154.7 pg/mL (for hexane). The
methanol extract exhibited the highest scavenging activity
on DPPH radicals, followed by acetone (ECs;=74.8 pg/mL),
and ethanol (ECs5p=75.9 pg/mL), the lowest for hexane
extract (ECs¢=154.7 pg/mL), but no significant difference
was found between acetone and ethanol extracts.

3.3. ABTS Cation Radical Scavenging Activity

The profile of scavenging activity of different extracts
from Garcinia mangostana pericarp on ABTS cation
radicals was similar to the result of the scavenging activity
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on DPPH radicals (Table 1). Somewhat differently, the ECs,
values on scavenging ABTS cation radicals ranged from
19.5 (for methanol) to 60.2 pg/mL (for hexane). With regard
to ABTS radical scavenging activity, solvents could be
sequenced in the following decreasing order: methanol >
acetone > ethanol > acetidin > hexane, but there was no

methanol, acetone and ethanol extracts. Similar to DPPH
assay, ABTS cation radicals scavenging activity of
different extracts increased dose-dependently at certain
concentrations, which may be attributable to its
hydrogen-donating  ability  thereby inhibiting the
propagation of radical chain reactions.

significant difference in scavenging activity among
Table 1. DPPH and ABTS radicals scavenging activity of different extracts from Garcinia mangostana pericarp

Extracts Regression equation Lr “(ng/mL) R’ ECs (ng/mL)
Methanol y=0.6258x+12.11 20-120 0.9834 60.5+2.2d
Ethanol y = 0.5914x+5.12 20-120 0.9894 75.9+2.8 ¢

DPPH Acetone y = 0.5956x+5.45 20-120 0.9880 74.8£3.1 ¢
Acetidin y = 0.582x-10.30 50-150 0.9974 103.6+6.4 b
Hexane y = 0.5104x-28.94 100-200 0.9999 154.745.5 a
Methanol y=39.54Ln(x)-67.45 10-50 0.9792 19.5¢1.1 ¢
Ethanol y=40.55Ln(x)-79.87 10-50 0.9866 24.6+2.7 ¢

ABTS Acetone y=41.25Ln(x)-78.31 10-50 0.9634 224434 ¢
Acetidin y=31.38Ln(x)-70.52 20-100 0.9859 46.5+6.2 b
Hexane y=28.55Ln(x)-66.91 20-100 0.9257 60.2+6.8 a

Values are represented as mean + standard deviation of triplicates; Different letters within a column indicate statistically significant differences among the

means at P < 0.05. * Linearity range. ® Determination coefficient values.

3.4. Ferric Reducing Antioxidant Power (FRAP)

Fig. 2 showed that different extracts of pericarp of
Garcinia mangostana exhibited different reducing power.
The reducing power of extracts ranged from 0.13 to 0.81
mmol Fe(IT)/g DW, and were found to be in the following
order: methanol > acetone > ethanol > acetidin > hexane, as
observed in the DPPH and ABTS radical scavenging
capacities measurements. The result suggested that extracts
of Garcinia mangostana pericarp had a remarkable potency
to donate electron to reactive free radicals, converting them
into more stable non-reactive species and terminating the
free radical chain reaction.
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Figure 2. Reducing power of different extracts. Data are expressed as the
mean values of three independent replicates + SD. Different letters indicate
statistically significant differences among the means (P < 0.05) for different
extracts.

3.5. DNA Damage Protective Effect

The effect of different extracts of Garcinia mangostana
pericarp in preventing oxidative damage of DNA induced

by H,0, was also evaluated and the result (concentration of
each sample at 100 pg/mL) is shown in Fig. 3.

6 7 8

1 2 3 4 5

Figure 3. DNA damage protective effect of different extracts from
Garcinia mangostana pericarp. Lane 1, native DNA; Lane 2, DNA treated
with 1 mM FeSO, and 1 mM H,O.,; Lane 3, DNA treated with Trolox (100
uM), 1 mM FeSO, and 1 mM H,O-; Lane 4-8, DNA treated with 1 mM
FeSO, and 1 mM H,0, and treated with methanol, ethanol, acetone,
acetidin, and hexane, respectively.

The plasmid DNA was mainly of the supercoiled form
(Fig. 3, Lane 1). During the addition of F ¢*" and H,0,, the
supercoiled form of DNA converted into the open circular
and linear forms (Fig. 3, Lane 2) indicating that hydroxy
radicals generated from iron-mediated decomposition of
H,0, produced both single-strand and double-strand DNA
breaks. From the gel analysis, the DNA damage protective
effect measured in different samples ranged from 24.8% to
82.5%, and the order was methanol > acetone > ethanol >
acetidin > hexane. The protective effect of methanol,
acetone, and ethanol extracts is approximately the same as
compared to that of 100 uM of Trolox, which indicated
they probably quenched hydroxy radicals by donating
hydrogen-atom or electron, and therefore protecting the
supercoiled plasmid DNA from hydroxy radicals dependent
strand breaks [30].
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To further investigate their relationship, the correlation
among the content of total polyphenols and bioactivities of
different extracts was established. In this study, the content
of total polyphenols was highly correlated to the
antioxidant activities (R > 0.9112), and was moderately
correlated to the DNA damage protective effect of extracts
(R = 0.7552), indicating total polyphenols are the main
constituents contributing to the bioactivities of extracts
from Garcinia mangostana pericarp, which was supported
by previous reports studied on other plants [7, 27]. On the
basis of these results, it is possible to conclude that
Garcinia mangostana pericarp is a kind of food resources
with some high healthy functions, but total polyphenols of
extracts were significantly affected by the extracting
solvents, which results in variation of the bioactivities.

4. Conclusion

The extracting solvents significantly affected the content
of total polyphenols, antioxidant activities as well as DNA
damage protective effect of Garcinia mangostana pericarp.
In our study, methanol, acetone, and ethanol extracts
exhibited the better protective effect. The methanol extract
from Garcinia mangostana pericarp possessed the highest
content of total polyphenols and the strongest antioxidant
activity. The acetone and ethanol extracts had the higher
content of total polyphenols and also exhibited higher
antioxidant activities, while other extracts had both lower
the content of active compounds and bioactivities. These
results indicated that selective extraction from natural
sources, by an appropriate solvent, is important for
obtaining fractions with high antioxidant activity.
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