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Abstract. Phyllanthus emblica L., commonly known by Vietnamese people as “Me ring” or
“Me man”, is widely distributed in Viet Nam and has been used in folk medicines for treatment
of numerous ailments. The preparation of P. emblica fruit extracts in different solvent types have
significant effects on extraction efficiency, phytochemical profile, and biological activity. This
study aims to investigate the effects of six different solvents (methanol, ethyl acetate, water, 50
%, 70 %, and 96 % ethanol) used in the production of the corresponding extracts, denoted PE-M,
PE-EA, PE-W, PE-50Et, PE-70Et, and PE-96Et, respectively) on phytochemical yield, in vitro
antioxidant capacity, ex vivo lipid peroxidative inhibitory activity, and hepatoprotective potential
of P. emblica fruits collected in Viet Nam. Our results showed that the PE-M and PE-96Et
extracts of P. emblica fruits possessed the highest total phenolic content (321.6 and 287.9 GAE
mg/g, respectively). However, because of its low toxicity, PE-96Et turned into the best potential
candidate with DPPH antioxidant capacity (SCs of 4.17 pg/mL), lipid peroxidative inhibitory
activity via MDA assay (ICs, of 3.54 pg/mL), and hepatoprotective activity on CCl, intoxicated
liver platform (PCsy of 56.6 pg/mL). The HPLC-MS profiles of the PE-M and the PE-96Et
extracts showed the presence of mucic acid 3-O-gallate (1), mucic acid 2-O-gallate (2), mucic
acid 1,4-lactone 3-O-gallate (3), glucogallin (4), mucic acid 1,4-lactone 2-O-gallate (5), gallic
acid (6), mucic acid dimethyl ester 3-O-gallate (7), mucic acid 1,4-lactone 1-ethyl ester 2-O-
gallate (8), and quercetin (9). The results indicated that the 96 % ethanol extract of P. emblica
fruits is highly potential for further investigation and development of hepatoprotective products.
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1. INTRODUCTION

The genus Phyllanthus contains over 600 species distributed throughout the tropical and
subtropical regions of the world. The plants of genus Phyllanthus have long been used to treat
liver diseases [1].

Me ring (Phyllanthus emblica L., syn. P. taxifolius D. Don, Emblica officinalis Gaertn.,
and E.arborea Raf.), belonging to the Phyllanthus of the family Phyllanthaceae
(Euphorbiaceae) [2], is commonly known as aonla or Indian gooseberry in English, amla in
Hindi, or Me rirng, Me man, Chum ruét ndi, Mac kham in Vietnamese [3]. Fruits of P. emblica
are an important herbal drug used in fork medicine in India, Malaysia, Thailand, China, and
Vietnam. The fruits have been used in Ayurveda as a potential medication for treatment of
hepatic disorders and in Viet Nam for treatment of diarrhea, sore throat, inflammation, pyretic,
urinary retention, and constipation [4]. Recent studies on the P. emblica fruits have also revealed
that its ethanol crude extract possesses hepatoprotective activity [5 - 6] and is effective in
preventing/ameliorating the toxic effects of hepatotoxic agents like ethanol, paracetamol, carbon
tetrachloride, heavy metals, ochratoxins, hexachlorocyclohexane, anti-tubercular drugs and
hepatotoxicity resulting from iron overload [8]. The polyphenols found in P. emblica, especially
tannins and flavonoids are key elements for major bioactivities [9]. However, solvent types that
have significant effects on extraction efficiency, phytochemical profile and biological activity of
fruit extracts have yet to be fully investigated. Therefore, the present study is focused on the
investigation of the effects of different solvent extraction types (methanol, ethyl acetate, water,
50 %, 70 %, and 96 % ethanol) used to produce corresponding extracts as PE-M, PE-EA, PE-W,
PE-50Et, PE-70Et, and PE-96Et, respectively on phytochemical yield and antioxidant capacity,
lipid peroxidation inhibitory activity, and hepatoprotective potential of P. emblica fruits
collected in Vietnam. The 96 % ethanol extract of P. emblica fruits were also studied by HPLC-
MS/MS to identify the main compounds responsible for the hepatoprotective effects.

2. MATERIALS AND METHODS
2.1. Chemicals

L-ascorbic acid, Trolox, silymarin and gallic acid were purchased from Sigma Aldrich
(USA). Ethyl acetate (EtOAc) and methanol were distilled before use. 50 % and 70 % ethanol
were prepared from 96 % ethanol and distilled water.

Methanol (HPLC grade), acetone (HPLC grade), and acetonitrile (HPLC grade) were
purchased from Sigma-Aldrich (St. Louis, MO). For the HPLC-DAD-ESI(—)-MS system,
acetonitrile (LC-MS CHROMASOL grade) and acetic acid were purchased from Sigma-Aldrich
(Steinheim, Germany).

2.2. Materials

The fruits of Phyllanthus emblica L. were collected in Son La Province, Northern Vietnam.
The plant was identified by botanist Dr. Nguyen Quoc Binh, Vietham National Museum of
Natural History, VAST, Ha Noi, Viet Nam. A voucher specimen (C-629) was deposited in the
Herbarium of the Institute of Natural Products Chemistry, VAST, Ha Noi, Viet Nam. The fresh
P. emblica fruits were washed and dried at 55 °C in an electro-thermostatic blast oven and then
ground to fine brown powder with a particle size of 0.1 - 0.3 mm.
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2.3. Preparation of extracts

The dried powder of P. emblica fruits were extracted with six solvents differing in polarity,
including ethylacetate, methanol, 50 %, 70 %, 96 % ethanol, and water using ultrasound-assisted
extraction (UAE) method. Briefly, 5 g of dried fruit sample was extracted 3 times with 50 mL of
solvent (ratio 10:1, v/w) applying UAE (Elmasonic 100H, Germany) at a power of 150 W and
45 °C for 30 min. All extracts were combined and filtered through a Whatman No. 1 filter paper.
Further, P. emblica extracts were evaporated to dryness by distillation under reduced pressure in
a rotary evaporator (Rotavapor R210, Buchi, Germany). An exact amount of collected residue
was weighed and dissolved in 96 % ethanol to prepare the extract with the required
concentrations for further experiments.

2.4. In Vitro Antioxidant Activity
2.4.1. DPPH radical scavenging

The free radical scavenging ability of the prepared extracts was assessed by DPPH radical
scavenging method with slight modification [10]. Briefly, DPPH reagent freshly prepared in
absolute ethanol (100 uM, 750 pL) was added rapidly to the test sample (250 pL) and incubated
in the dark for 30 minutes. The optical density (OD) value of the solution was taken at 517 nm
against a blank solution containing solvents only. Ascorbic acid was used as an antioxidant
standard. The analysis was done in triplicate. The scavenging effect was then calculated
according to the following equation:

ODr

DPPH scavenging activity (%) =(1— 22) x 100% )
(o)

where OD¢= OD value of control group and ODt = OD value of sample treated group.

The anti-oxidative property of the tested extracts was expressed as 1Cs, value (ng/mL) [10],
which is defined as the concentration required for inhibition of DPPH radical by 50 % and
determined based on Table Curve 2D v4 Software.

2.4.2. Lipid peroxidation

Albino healthy BALB/c mice at 12 weeks of age (22 - 24 gram, disease-free) were obtained
from the Institute of Biotechnology, Vietnam Academy of Science and Technology (Ha Noi,
Viet Nam). All mice were housed in plastic cages at a temperature-controlled room on a 12 h
light/12 h dark cycle. Mice were provided with food and water ad libitum. Experiments were
performed in accordance with Vietnamese ethical laws and European Communities Council
Directives of November 24, 1986 (86/609/EEC) guidelines for the care and use of laboratory
animals.

The ability to inhibit lipid peroxidation of the P. emblica fruit extracts was investigated
through determination of malonyldialdehyde (MDA) level in the samples. The experiment was
conducted according to the method published by Badmus et al. with some modification [11].
Briefly, the BALB/c mice were sacrificed by cervical dislocation and their brains were
homogenized in phosphate buffer (10 % v/v, pH = 7.4, 0 - 4 °C). 1.0 mL of the brain
homogenate was added to 0.1 mL of the extract (10 pg/mL) + 0.8 mL phosphate buffer + 0.1 mL
Penton (FeSO, 0.1 mM : H,O, 15 mM, 1:1 v/v). Thereafter, the mixture was incubated at 37 °C
for 15 min. Then, 1.0 mL of 10 % trichloroacetic acid was added, followed by centrifugation at
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12000 rpm for 5 min at RT. The organic upper layer was collected and allowed to react with 1
mL of 0.8 % thiobarbituric acid (TBA) in SDS (ratio 2:1). The resulting mixture was mixed and
heated up to 100 °C for 15 min. After cooling, the OD value of the mixture was measured at 532
nm. Trolox was used as a positive control. The percentage of inhibition was calculated according
to the equation 2:

oDr

where OD¢ = OD value of the control group (0.1 % DMSO); ODt = OD value of the sample
treated group.

Inhibition of lipid peroxidation (%) = ( —

The 1Cs value was determined using Table Curve 2D v4 software.
2.4.3. Hepatoprotective activity against CCl, induced toxicity in HepG2 cell line
Cell culture

The human liver cancer HepG2 cells were obtained from ATCC, USA and grown on
Dulbecco’s Modified Eagle’s Medium (DMEM, GIBCO, USA) supplemented with 10 % (v/v)
heat-inactivated fetal bovine serum (FBS), 2 mM I-glutamine, 10 mM HEPES, and 1.0 mM natri
pyruvate. Cells were passed at 80 % confluency by trypsin/EDTA (0.025 %) (Gibco, Thermo
Fisher Scientific, MA).

Cell viability assay

3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay (Celltiter 96-
Agueous One Solution Assay, Promega, Madison, WI, USA) was used to analyze the effect of
compounds on cell viability [12]. Briefly, HepG2 cells were cultured overnight in a 96-well
plate (~1 x 10* cells/well). Cell viability was assessed after adding the tested extracts at 100
ug/mL for 24 h. The number of viable cells was determined by the ODsgonm Of the dissolved
MTT-formazan product for 30 min to 1 hour, after the addition of 20 pL/well of Dye solution
(from the kit), for 4 hours as described by the manufacturer (Promega). Wells without HepG2
cells and with only Dye plus solubilized solutions were blank. Afterwards, the OD value of the
mixture was measured at 540 nm. Average values of triplicate experiments were presented.

ODp—O0Dblank

%Viability= (1 0Dp—0Dblank

) x 100% ©)
where ODy = OD value of the sample treated group; ODp = OD value of the control group (only
0.1 % DMSO) and ODyjank = OD value of blank group.

CCl, treatment and hepatoprotective activity

The HepG2 cells were seeded in 96-well microtitre plates at a concentration of 0.6 x 10
cells/well, treated with different concentration of samples, and incubated for 24 h at 37 °C under
5 % CO; to attain confluency. After 24 h, when a partial monolayer was formed, the supernatant
was flicked off, and the monolayer was washed once with the medium. The cells were treated
with 100 pL of toxicant (1.0 % (v/v) CCl,) in 0.25 % DMSO prepared in serum-free culture
medium and incubated for another 2 h [13] before measuring the OD value using MTT method
as described above. The hepatoprotective activity was expressed as percentage of protection, i.e.,

413



Nguyen Manh Cuong, et al.

the increased percentage in cell viability compared to the viability of cells treated with CCl,
alone.

The hepatoprotective activity was calculated according to the equation 4:

% Protection = (W) x 100% (4)

where OD¢ = OD value of the control group (only 0.25 % DMSO); ODr.cci4 = OD value of the
sample and CCl, treated group; ODcci4 = OD value of the CCl, treated group. Average values of
triplicate experiments were presented.

2.5. Phytochemical Screening
2.5.1. Total phenolic content

The total phenolic content of the P. emblica extracts was determined using the Folin-
Ciocalteu (FC) colorimetric method as previously described with some modifications [14].
Briefly, 0.5 mL of the extracts was diluted 2 times and mixed with 2.5 mL of 10 % (v/v) Folin—
Ciocalteu reagent in distilled water. The mixture was left to settle for 6 min, then 2 mL of 7.5 %
(w/v) Na,COs solution was added and incubated in the dark at room temperature for 1 h. The
absorbance of the mixture was measured at 765 nm using a UV-vis spectrophotometer (Jasco
V630, Japan). Ethanol and gallic acid were used as control and standard samples. Total phenolic
content was calculated from the calibration curve (y = 0.0011 x + 0.1185 (R*= 0.9995) of gallic
acid and expressed as mg gallic acid equivalents (mg GAE)/g dried extract.

2.5.2. Phenolic compounds identification using HPLC analysis

The 96 % ethanol extract of P. emblica fruits was filtered through a 0.45 pm filter before
being analyzed with HPLC-DAD (using RP-HPLC with Zorbax SB-C,g column, 4.6 x 150 mm,
5 um particle size) and HPLC-ESI-MS. HPLC system (Agilent 1260 series) was coupled with a
DAD detector and an Agilent Single Quadrupole 6120 mass spectrometer (Agilent, Santa Clara,
USA). The mobile phase consists of HPLC gradewater with 0.1 % acetic acid (Solvent A) and
100 % methanol (HPLC grade) (Solvent B). Gradient elution program was as follow: Solvents A
and B were 0 - 10 % (5min), 10 - 15 % (5min), 15 - 20 % (5min), 20 - 30 % (5 min), and 30 -
40 % (5min); the flow rate was 1 mL/min and a maximum pump pressure 4000 psi was
maintained. Phenolics were identified at a wavelength of 254 nm. Phenolic compounds were
tentatively identified by the interpretation of mass spectra as well as by comparison of
their retention time with data from the literature. *H-and **C-NMR spectra were obtained from
Bruke 500 Avance (Bruker, Germany).

2.6. Statistical analysis

The result of the DPPH assay was expressed as mean + SEM. The ICs, values of the P.
emblica extracts were calculated by regression analysis. The HepG2 in vitro data were
statistically analyzed using SPSS software, version 10. The results were expressed as mean *
SEM. The hypothesis testing method included one-way Analysis of Variance (ANOVA)
followed by least significant difference (LSD) multiple comparison tests. The level of
significance was accepted with p < 0.05.
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3. RESULTS AND DISCUSSION
3.1. Extraction yield

Extraction yields referring to the percentage of crude extract obtained from dried fruit
samples with six different solvent types are presented in Fig. 1.

Figure 1 shows that under the same extract conditions, (UAE, at a power of 150 W, 45 °C
and for 60 min), among six solvents used, PE-M had the highest extraction yield (11.2 g of dried
extract/100 g of dried sample, equal to 11.2 %). PE-70Et, PE-96Et, and PE-W extracts followed
with extraction yields of 9.1, 8.6, and 6.4 %, respectively. These findings are similar to the
results published by Nguyen et al., who demonstrated that the phytochemical content and
antioxidant potential of Paramignya trimera were affected by extraction solvent polarities and
solvent types, such as water, acetonitrile, methanol, ethyl acetate, and hexane [14]. However, our
results are slightly different from those published by Alagar et al, who demonstrated that the
water extraction yield of P. emblica fruits was higher than alcoholic solvents [15]. Figure 1
indicated that the extraction yield was greatly affected by the type of solvents, among which
methanol, 70 % ethanol, and 96 % ethanol are the best solvents for extracting natural compounds
from P. emblica fruits.
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Figurel. Extraction yields (w/w % of dry weight) of P. emblica fruits with different solvents.
3.2. Effects of extracted solvents on antioxidant capacity and hepatoprotective activity
3.2.1. DPPH radical scavenging capacity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical was used to determine hydrogen
donating ability of the plant extracts. DPPH reacts with hydrogen donors (free radical
scavengers) to yield the stable product 1,1-Diphenyl-2-picrylhydrazine resulting in a color
change from purple to yellow [10].

The DPPH radical scavenging activity of the P. emblica fruit extracts was shown in Fig. 2.
The antioxidant activity of the fruit extracts was concentration-dependent in DPPH free radical
scavenging assays, with SCsq values in the range of 4.05 to 6.01 pg/mL. The highest antioxidant
activity was observed by the PE-M, followed by PE-96Et, and PE-EA extracts. The results also
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indicated that the hydrogen donating ability of PE-M, PE-96Et, and PE-EA extracts of P.
emblica fruits is higher than that of L-ascorbic acid. The results are also similar to those in a
research by Kumari et al., where the antioxidant activities of different fruits of P. emblica
varieties decreased in the order of PE-M > PE-95Et > PE-EA extract [16].

Notably, in our results, the DPPH scavenging activity (SCs) of the PE-96Et was similar to
that of the PE-M extract (4.17 ug/mL vs 4.05 ug/mL). In comparison to the PE-M extract, the
PE-96Et extract is worthy of further investigation and development of hepaptoprotective herbal
products due to its low-level toxicity.

3.2.2. Effects of extracted solvents on lipid peroxidation
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Figure 2. DPPH and MDA assays of P. emblica fruit extracts with different solvents.

Malondialdehyde (MDA) is one of the final products of polyunsaturated fatty acids
peroxidation in the cells. The overproduction of MDA caused by increased free radicals
indicates the oxidative stress and antioxidant status in cancerous liver cells. In this paper, the
extent of lipid peroxidation represented by MDA level was measured by thiobarbituric acid
reactive substance (TBARS) assay (Fig. 2).

It is observed that these P. emblica extracts inhibited lipid peroxidation of cell membrane in
a concentration-dependent manner. The PE-M extract inhibited MDA formation higher than that
of the PE-EA, PE-96Et, and Trolox (positive control), PE-50Et, PE-70Et, and PE-W extracts
with 1Cs values of 2.21, 2.74, 3.54, 7.82, 9.20, 9.58, and 16.11 (ng/mL), respectively. The PE-
EA and PE-96Et extracts have lipid peroxidation inhibitory activity as high as that of the PE-M
extract (2.21 (ug/mL) with ICs, values of 2.74 and 3.54 (ug/mL), respectively. It seems that
natural compounds from those organic extracts of P. emblica fruits possess higher inhibitory
activity of lipid peroxidation and antioxidant capacity than water (PE-W) and water-containing
ethanol extracts (PE-50Et and PE-70Et).

3.2.3. Hepatoprotective activity against CCl, induced toxicity in HepG2 cells

CCl, is a common reagent used in the laboratory to mediate liver injury in vitro and in vivo
as it is capable of generating free radicals and subsequent lipid peroxidation processes in an

416



Antioxidant, lipid peroxidation inhibitory activities, and hepatoprotective effect of extracts ...

organism [11]. To ascertain the hepatoprotective activity against CCl, induced toxicity in HepG2
cell line, we performed two experiments: (i) cytotoxic assay of P. emblica extracts at different
concentrations by MTT assay to see if these extracts are toxic to the HepG2 cells or in other
words, the cells can survive in the presence of P.emblica fruit extracts; and (ii) hepatoprotective
assay against CCl,-induced toxicity in HepG2 cells to determine if these extracts can protect the
cells from CCly-induced injury. Figure 3 shows that the tested samples, even at the highest
concentration (100 pg/mL), are not toxic to HepG2 cells. The cell viability is in the range of
89.67 - 110.64 %. Therefore, these concentrations can be further used to determine the
hepatoprotective properties against CCl,-induced oxidative damage in HepG2 cell model.
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Figure 3. The HepG2 cell viability under the treatment of the P. emblica fruit extracts at different
concentrations.

As can be seen from Figure 3, all fruit extracts of P. emblica were submitted to further
assess their hepatoprotective effects at different concentrations of 0.8, 4, 20, and 100 ug/mL.
The hepatoprotection were calculated and expressed as the percentage of cells alive in
comparison to the control group.

In the hepatoprotective experiment, for the group with CCl,-induced damage, only 27.89 %
of HepG2 cells were survived and its percent protection (%) was set to zero. The cell protective
concentrations represented using PCs, values (PC-Protective concentrations at 50 %) are also
displayed in Figure 4. In the presence of the P. emblica fruit extracts, the percentage of viable
HepG2 cells increased. Three extracts (PE-M, PE-70Et, and PE-96Et) had the highest
hepatoprotective effects against CCl,-induced toxicity in HepG2 cells with PCs, values of 47.68,
60.14, and 56.56 pg/mL, respectively. The PE-M extract had the highest hepatoprotective effect
with PCs, value of 47.68 pg/mL. Silymarin, the positive reference control, had hepatoprotective
effect against CCl, damage with PCsy > 100 pg/mL. As far as our knowledge, this is the first
report of hepatoprotective effect against CCl, damage in in vitro HepG2 cell model of P.
emblica fruit extracts. In 2011, Sharma S. K. et al. reported the hepatoprotective activity of five
Phyllanthus species (P. amarus, P. fraternus, P. rotundifolius, P. urinaria, and P.
maderaspatensis) on tert-butyl hydroperoxide (t-BH)-induced cytotoxicity in HepG2 cells [17].
The methanol extract of P. urinaria exhibited the highest hepatoprotective activity with ICsq =
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72 png/mL. However, all the extracts showed less potency when compared with the reference
standard, silymarin (ICso = 49.0 pg/mL) [17].
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Figure4. Hepatoprotective activity of fruit extracts of P. emblica with different solvents against

3.3. Phytochemical Screening

CCly-induced toxicity in HepG2 cells.

3.3.1. Total phenolic content (TPC)
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Figure 5. Total phenolic contents of fruits extract of Phyllanthus emblica.

Phenolic compounds in plants have strong links to their antioxidant and anticancer activities
[18]. As can be seen in Figure 5, among the six solvents used, the PE-M extract had the highest
TPC from P. emblica fruits (321.60 mg GAE/g dried extract). TPCs level extracted by PE-W
was the lowest (204.51 mg GAE/g dried extract). TPCs were obtained by PE-96Et > PE-70Et >
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PE-EA > PE-50Et (282.87, 279.31, 252.21, and 240.83 mg GAE/g dried extract, respectively)
(Fig.5). In 2014, Ha et al. reported that the 96 % ethanol extract of P. emblica fruits collected in
Cao Bang province possessed a higher TPC than the water extract (439.81 vs 352.08 mg
GAE/qg) [19]. Correspondingly, this result means that the greater the total phenol content, the
higher antioxidant and hepatoprotective activities. It is also indicated by the smaller value PCs
of hepatoprotective effect. Comparison of TPC content in P. emblica fruits collected in other
countries showed that, the TPC of P. emblica fruits was very different from place to place, and
from solvent to solvent used for the extraction. For example, the highest TPC of P. emblica
fruits collected in China was 133.58 mg GAE/g 66 % ethanol dried extract [20], in Indonesia
only 128.18 mg GAE/g ethyl acetate fruit extract [21], while in Thailand was 342.2 mg GAE/g
water extract [22].

3.3.2. Phenolic compounds identification using HPLC analysis

A typical HPLC profile of the phenolic and flavonoids constituents of ethanol extract of P.
emblica is presented in Fig 6.
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Figure 6. HPLC profile of 96 % ethanol extract of P. emblica fruits at 254 nm.

Gallic acid (6) was isolated and identified based on its MS and NMR spectra by
comparison to a reference compound. Gallic acid had an ion at m/z 169 [M — H]™ and 2 aromatic
protons at &y = 7.086 ppm in its 1H-NMR spectrum. HPLC-ESI-MS analysis of the ethanol
extract of P. emblica fruits showed the presence of gallic and mucic acid derivatives including
mucic acid 3-O-gallate (1), mucic acid 2-O-gallate (2), mucic acid 1,4-lactone 3-O-gallate (3),
glucogallin (4), mucic acid 1,4-lactone 2-O-gallate (5), mucic acid dimethyl ester 3-O-gallate
(7), and mucicacidl,4-lactone 1-ethyl ester 2-O-gallate (8), tentatively based on their MS
spectrum with [M — H] pseudo-molecular ions at m/z of 361.2, 361.2, 343.2, 331.2, 343.2,
389.2, and 371.2, respectively, as well as in comparison of their retention time with data from
the literature [23 - 25]. Quercetin (9) was detected based on its MS pseudo molecular peak
[M—-H]" at m/z of 301.2 [23] (Table 1 and Figure 7). Phenolic compounds are the most abundant
phyto-compounds present in the ethanol extract of P. emblica as compared with flavonoids.
These findings are similar to the results published by Yang et al. [23], Olenniko et al. [24] and
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Zhang et al. [25], who demonstrated the phytochemical content and antioxidant potential of

mucic acid derivatives isolated from the fruits of P. emblica.
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Figure 7. Structure compounds identified in ethanol extract of P. emblica.

Tablel. Composition of phenolic compounds tentatively identified in ethanol extract of P. emblica.

Peak | Retention time Compound Molecular formula Pseudo-molecular ion
No. R¢ (min) Molecular weight (MW) [M-H]”
1 5.250 Mucic acid 3-O-gallate (1) C13H14012 [M-H] =361.2
(MW = 362)
2 5.740 Mucic acid 2-O-gallate (2) C13H14012 [M-H] =361.2
(MW = 362)
3 7.406 Mucic acid 1,4-lactone 3- C13H12011 [M—H] = 343.2
O-gallate (3) (MW = 344)
4 8.044 Glucogallin (4) C13H15010 [M—H]_ =331.2
(MW = 332)
5 9.495 Mucic acid 1,4-lactone 2- C13H12011 [M—H] = 343.2
O-gallate (5) (MW = 344)
6 10.060 Gallic acid (6) C7HgOs [M-H] = 169.2
(MW = 170)
7 10.602 Mucic acid dimethy! ester Ci5H15012 [M-H]=389.2
3-O-gallate (7) (MW = 390)
8 14.366 Mucic acid 1,4-lactone 1- CisH16011 [M-H] =371.2
ethyl ester 2-O-gallate (8) (MW = 372)
9 20.135 Quercetin (9) CisH1004 [M-H] =301.2
(MW =302)

4. CONCLUSIONS

In this study, the fruits of P. emblica were extracted with different solvents including
methanol, ethyl acetate, water, 50 %, 70 %, and 96 % ethanol. Antioxidant capacity was
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assessed using DPPH radical scavenging and lipid peroxidation inhibition (MDA) methods. The
PE-M extract possessed both the highest antioxidant, followed by the PE-96Et, and lipid
peroxidation inhibitory activities, while PE-EA had the second highest inhibitory value in MDA
assay. The hepatorprotective activity of the extracts was evaluated against CCl,-induced toxicity
in HepG2 cells. The results showed that the treatment with the methanol and 96 % ethanol
extracts appears to enhance the recovery from hepatic injury induced by CCl, with PCs, of 47.68
+ 2.24 and 56.56 + 5.01 (ug/mL), respectively. The total phenolic content in the PE-M and PE-
96Et dried extracts of P. emblica fruits were 321.60 and 282.87 mgGAE/g, respectively.
Although methanol had higher extraction yield and the methanol extract possessed higher
antioxidant activity, the use of ethanol is more suitable because of its low toxicity to human. The
HPLC-MS analysis of the ethanol extract of P. emblica fruits tentatively identified the presence
of polyphenolic compounds including mucic acid 3-O-gallate (1), mucic acid 2-O-gallate (2),
mucic acid 1,4-lactone 3-O-gallate (3), glucogallin (4), mucic acid 1,4-lactone 2-O-gallate (5),
gallic acid (6), mucic acid dimethyl ester 3-O-gallate (7), mucic acid 1,4-lactone 1-ethyl ester 2-
O-gallate (8), and quercetin (9). The results also indicate that the 96 % ethanol extract of P.
emblica fruits is highly potential for further investigation and development of hepatoprotective
herbal products.
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