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Abstract − Among 90 Vietnamese medicinal plant extracts investigated for their antioxidant activity by DPPH
assay at various concentrations from 10 - 100 µg/mL, 67 showed an inhibition rate over 50% at 100 µg/mL; 47 had
greater than 50% inhibition at 50 µg/mL; 17 showed over 50% inhibition at 25 µg/mL. 8 extracts which exhibited
strong inhibitory activity more than 50% inhibition at 10 µg/mL were further tested for lipid peroxidation inhibition
by TBA assay. They displayed activity with IC50 values from 30.6 to 158.9 µg/mL. Until now, this is the first report
on antioxidant activity of the female flower of Borassus flabellifer, and the stem of Combretum latifolium, Embelia
ribes, Spatholobus parviflorus, and Tetrastigma erubescens. Fractionations of the EtOAc extract prepared from S.
parviflorus led to the isolation of protocatechuic acid (1), ferulic acid (2), epicatechin (3), and gallic acid (4). These
compounds showed significant DPPH inhibitory activity with IC50 values from 6.5 to 23.6 µM.
Keywords − Vietnamese medicinal plant, Antioxidant activity, DPPH, Lipid peroxidation, Spatholobus parviflorus

Introduction

Although oxygen is necessary for aerobic life, it can

also participate in potentially toxic reactions involving

oxygen free radicals or reactive oxygen species (ROS).

Free radicals are formed in the human body to prevent

from virus and bacterial infections. However, they react

with macromolecules including protein, lipid, DNA

causing serious diseases such as heart disease, macular

degeneration, cancer, diabetes, and more. Therefore,

antioxidant substances are required for the protection

against the oxidizing agents. Many synthetic antioxidant

compounds have shown toxic and/or mutagenic effects,

which have stimulated the interest of many investigators

to search natural antioxidant (Nagulendran et al., 2007).

Several analytical methods have been developed to

determine the antioxidant capacity of natural substances.

They can be categorized into two groups: (i) assays for

radical-scavenging ability and (ii) assays for lipid

oxidation inhibitory effect. However, the total antioxidant

activities of plant extracts cannot be evaluated by using

one single method, due to the complex composition of

phytochemicals as well as of oxidative processes.

Therefore, the use of at least two methods should be

employed in order to evaluate the total antioxidant

activity (B€ohm et al., 2001). 

Vietnam, a tropical Southeast Asian country, also has a

long history of traditional medicine systems. In practical,

despite widespread use of wild plants as medicines, the

literature contains few reports about antioxidant activity

and chemical constituents of the Vietnamese medicinal

plants. Therefore, we selected 90 medicinal plants casually

according to their therapeutic application in Vietnamese

folk medicine to investigate their antioxidant activity by

using different antioxidant tests, including DPPH free

radical scavenging assay and lipid peroxidation inhibition

assay. We hope that the selected plants could be a

potential source of natural antioxidants that could have

great importance as therapeutic agents in preventing or

slowing the progress of aging and age associated and

oxidative stress related degenerative diseases. 

Experimental

Plant materials − Vietnamese medicinal plants used in

this study were collected at the Seven-Mountain area in

An Giang province on August 2009 (Table 1). The plants

were identified by Dr. Hoang Viet, Faculty of Biology,

University of Science, National University Ho Chi Minh

City. The voucher samples are preserved with analytical
*Author for correspondence
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number from 1001 to 1090 at Department of Analytical

Chemistry, Faculty of Chemistry, University of Science,

National University-Ho Chi Minh City.

Chemical − 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was

purchased from Merck (Darmstadt, Germany). Trolox,

trichloroacetic acid (TCA) and thiobarbituric acid (TBA)

were purchased from Sigma Chemical Co. (St. Louis,

MO, U.S.A.). Other chemicals were of the highest grade

available. 

Preparation of samples − Each medicinal plant (100 -

213 g) was cut into small pieces and extracted with

MeOH (300 mL, reflux, 3 h, × 3). The MeOH solution was

evaporated under reduced pressure to give a MeOH extract.

DPPH free radical scavenging assay − The stable free

radical (DPPH) was used for determination of free

radical-scavenging activity of the extracts (Molyneux,

2004). Briefly, a 0.1 mM solution of DPPH in 90%

ethanol was prepared and then 1.5 mL of this solution

was mixed with 1.5 mL of each sample (crude extract) at

concentrations of 100, 50, 25, 10 µg/mL in 90% ethanol.

After 30 min incubation in the dark, the decrease in the

solution absorbance was measured at 517 nm in a

Shimadzu UV-1800 spectrophotometer (Kyoto, Japan).

DPPH inhibitory activity was expressed as the percentage

inhibition (I%) of DPPH in the above assay system,

calculated as (1 − B/A) × 100, where A and B are the

activities of the DPPH without and with test material. IC50

(inhibitory concentration, 50%) values were calculated

from the mean values of data from three determinations.

Trolox at various concentrations (1, 2.5, 5, 10 µM) was

used as a positive control.

Lipid peroxidation inhibition assay in vitro − TBA

reacts with MDA to form a di-adduct, a red chromogen,

which can be detected spectrophotometrically at 532 nm

(Singh and Arora, 2007). Normal rats (200 - 250 g) were

used for the preparation of brain homogenate. Brain was

excised and washed with 0.95 M NaCl solution. Brain

homogenate was prepared with homogenizer at −5 oC

with 5 mM phosphate buffered saline (PBS) buffer (1 :

10) for 30 min. The homogenate was centrifuged for

15 min, and clear cell free supernatant was used for the

study of in vitro lipid peroxidation. 0.1 mL of each extract

at different concentrations (10 - 2000 µg/mL) in dimethyl

sulfoxide was taken in test tube. 1.4 mL of 50 mM PBS

buffer and 0.5 mL of rat brain homogenate were added to

the test tubes. After incubation at 37 oC for 15 min, the

reaction was stopped by addition of 1 mL of 10% TCA

and 1 mL of 0.8% TBA. The mixture was then heated at

100 oC for 15 min. The samples were cooled, centrifuged

and the absorbance of the supernatants was measured at

532 nm. The percentage inhibition of lipid peroxidation is

calculated as (1 − B/A) × 100, where A and B are the

activities of the MDA without and with test material. IC50

values were calculated from the mean values of data from

three determinations. Trolox at various concentrations

(10, 50, 100, 500, 1000 µM in 90% ethanol) was used as

a standard.

Extraction and isolation of the active compounds

from the stem of Spatholobus parviflorus − The dried

stem (2.3 kg) of S. parviflorus was extracted with MeOH

(12 l, reflux, 3 h, × 3), to yield a MeOH extract (205.3 g).

The MeOH extract was suspended in H2O and partitioned

successively with ether, CHCl3, EtOAc, BuOH to yield

ether (8.2 g; IC50, 55.1 µg/mL), CHCl3 (7.5 g; IC50, > 100

µg/mL), EtOAc (15 g; IC50, 4.6 µg/mL), BuOH (12 g;

IC50, 8.7 µg/mL) and H2O (115,2 g; IC50, 13.3 µg/mL)

fractions, respectively. The EtOAc fraction (15 g) was

applied to silical gel column (3×30 cm) chromatography

eluted with MeOH/CHCl3 (0 - 30%) to give eight fractions:

fr. 1 (0.5 g; IC50, > 100 µg/mL), fr. 2 (1.3 g; IC50, 97.0 µg/

mL), fr. 3 (0.6 g; IC50, 23.7 µg/mL), fr. 4 (0.6 g; IC50, 1.3

µg/mL), fr. 5 (1.0 g; IC50, 13.9 µg/mL), fr. 6 (1.1 g; IC50,

3.6 µg/mL), fr. 7 (2.5 g; IC50, 13.3 µg/mL), and fr. 8 (4.2

g; IC50, 4.2 µg/mL). Fraction 4 was separated by reversed-

phase preparative thin-layer chromatography (TLC) with

MeOH–H2O (2 : 8) to give protocatechuic acid (1, 15.2

mg) (Zhang et al., 2009) and ferulic acid (2, 10.0 mg)

(Donia et al., 2011). Fraction 6 was separated by

reversed-phase preparative TLC with MeOH–H2O (2 : 8)

to give epicatechin (3, 12.0 mg) (Ban et al., 2006) and

gallic acid (4, 15.0 mg) (Zhang et al., 2009). Their

structures were identified by spectral analysis and

comparison of their data with those in the literature.

Results and Discussion

DPPH free radical scavenging assay − The DPPH

analysis is a quick and simple test; it guarantees reliable

results and needs only a UV-Vis spectrophotometer to

perform, which probably explains its widespread use in

antioxidant screening (Alvarez-Suarez et al., 2009). The

90 MeOH extracts which were prepared from the 90

selected plants were screened for their antioxidant

activities by DPPH assay (Table 1). The assay was carried

out at different concentrations of extract ranging from 1 -

100 µg/mL (data not shown). Of the extracts assayed, 90

extracts (100%) demonstrated DPPH inhibitory activity at

100 µg/mL, among which 67 (74.5%) showed an inhibition

rate greater than 50%. Altogether, 89 extracts (98.9%)

were found to be active at a concentration of 50 µg/mL,
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among which 47 (52.8%) showed inhibition of more than

50%. At 25 µg/mL, 85 (94.4%) extracts were active, and

17 (20%) showed an inhibition of over 50%. Of the

extracts assayed, 81 (90%) displayed activity at 10 µg/

mL, including eight (12.7%) of over 50% inhibition. In

total, 67 MeOH extracts showed IC50 values below 100

µg/mL, 45 crude extracts with IC50 values less than 50

µg/mL, 16 extracts exhibited IC50 values below 25 µg/

mL, and 8 extracts with IC50 values below 10 µg/mL

(Table 1). IC50 of trolox was 8.7 µM (2.2 µg/mL). 

The DPPH scavenging activity of the 8 MeOH extracts

in decreasing order was: Tetrastigma erubescens >

Borassus flabellifer > Combretum latifolium > Spatholobus

parviflorus > Embelia ribes > Excoecaria cochinchinensis

> Euphorbia thymifoblia > Anogeissus acuminata. The

effect of antioxidants on DPPH radical scavenging is

thought to be due to their hydrogen donating ability. On

analyzing the results obtained in DPPH assay, it was

noticed that extracts act as good hydrogen donating agent,

thereby bleaches the DPPH absorbance.

Lipid peroxidation inhtion assay in vitro − Based on

the results obtained from the DPPH assay, 8 MeOH

extracts which exhibited strong inhibitory activity with

IC50 values less than 10 µg/mL were tested for lipid

peroxidation inhibition by the thiobarbituric acid assay

(TBA assay) in vitro (Table 2). All the studied extracts

showed antioxidant activity on brain rat with their IC50

values in the order: T. erubescens > E. ribes > A. acuminate

> E. cochinchinensis > E. thymifolia > C. latifolium > B.

flabellifer > S. parviflorus. The eight extracts may inhibit

strongly the formation of peroxides and hydroperoxides.

IC50 of trolox was 24.4 µM (6.1 µg/mL).

The bark of A. acuminate, the leaf of E. cochinchinensis

and E. thymifolia are widely used in Vietnam traditional

medicine to treat of hypertension, inflammatory diseases.

The phytochemical studies on these plant species reported

that they contain a number of flavonoids (Do., 2004; Do.,

2009). Flavonoids which are antioxidants have been

reported to be effective radical scavengers and inhibitors

of lipid peroxidation (Pandey et al., 2009). Thus, the

presence of flavonoids may play an essential role in their

antioxidant activity.

Five extracts from the flower of the female flower of B.

flabellifer and the stem of C. latifolium, E. ribes and S.

parviflorus, and T. erubescens, showed strong activity.

Although these plants are used in Vietnamese folk medicine

to treat of inflammatory diseases this is the first report on

their DPPH inhibitory and lipid peroxidation inhibitory

activity. Until now, there are no scientific reports on their

chemical constituents and biological activities. They

could be a potential source of natural antioxidants that

could have great importance as therapeutic agents in

medicine.

Extraction and isolation of the active compounds

from the stem of Spatholobus parviflorus − In this study,

S. parviflorus was selected to isolate and identify its

active constituents. The MeOH extract of the stem of S.

parviflorus was subjected to silica gel column chromato-

graphy to give eight fractions. Further separation and

purification of the active fractions with reversed-phase

preparative TLC led to the isolation of protocatechuic

acid (1), ferulic acid (2), epicatechin (3), and gallic acid

(4) (Fig. 1).

Protocatechuic acid (1) (Zhang et al., 2009): A white

amorphous powder. 1H-NMR (500 MHz- CD3OD) δ:

7.49 (1H, d, J = 2.0 Hz, H-2), 6.86 (1H, d, J = 8.0 Hz, H-

5), 7.43 (1H, dd, J = 8.0 & 2.0 Hz, H-6); 13C-NMR (125

MHz- CD3OD) δ: 123.3 (C-1), 117.6 (C-2), 145.7 (C-3),

150.7 (C-4), 115.4 (C-5), 123.6 (C-6), 167.7 (-COOH).

Ferulic acid (2) (Donia et al., 2011): A colorless solid.
1H-NMR (500 MHz- CD3OD) δ: 7.18 (1H, d, J = 1.5 Hz,

H-2), 6.83 (1H, d, J = 8.5 Hz, H-5), 7.07 (1H, dd, J = 8.5

& 1.5 Hz, H-6), 7.62 (1H, d, J = 16 Hz, H-7), 6.33 (1H, d,

J = 16 Hz, H-8), 3.80 (3H, s, -OCH3).
 13C-NMR (125

MHz- CD3OD) δ: 127.8 (C-1), 111.7 (C-2), 149.4 (C-3),

150.5 (C-4), 116.5 (C-5), 124.0 (C-6), 147.0 (C-7), 115.9

(C-8), 171.1 (C-9), 56.8 (-OCH3).

Epicatechin (3) (Ban et al., 2006): An orange amorphous

powder. 1H NMR ((500 MHz- CD3OD) δ: d 6.99 (1H, d,

J = 1.5 Hz, H-2’), 6.82 (1 H, d, J = 8.0 Hz, H-5’), 6.78 (1

H, dd, J = 8.0 & 1.5 Hz, H-6’), 5.94 (1 H, d, J = 2.5 Hz,

H-6), 5.96 (1 H, d, J = 2.5 Hz, H-8), 4.85 (1H, br.s, H-2),

4.20 (1H, s, H-3), 2.88 (1 H, dd, J = 17 & 5.0 Hz, H-4 α),

2.75 (1 H, dd, J = 16.5 & 3.0 Hz, H-4 β); 13C NMR (125

Table 2. Antioxidation activity of 8 selected MeOH extracts using TBA assay

AN Plant name IC50 (µg/µl) AN Plant name IC50 (µg/µl)

1006 Anogeissus acuminata 68.3 1041 Euphorbia thymifoblia 73.5

1013 Borassus flabellifer 99.3 1042 Excoecaria cochinchinenis 73.4

1027 Combretum latifolium 95.1 1082 Spatholobus parviflorus 158.9

1039 Embelia ribes 49.5 1085 Tetrastigma erubescens 30.6
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MHz-CD3OD) δ: 79.9 (C-2), 67.5 (C-3), 29.2 (C-4),

157.4 (C-5), 95.9 (C-6), 158.0 (C-7), 96.5 (C-8), 157.7

(C-9), 100.1 (C-10), 132.3 (C-1’), 115.4 (C-2’), 145.8 (C-

3’), 145.9 (C-4’), 116.0 (C-5’), 119.4 (C-6’).

Gallic acid (4) (Zhang et al., 2009): A white solid. 1H-

NMR (500 MHz- CD3OD) δ: 7.06 (2H, s, H-2,6); 13C-

NMR (125 MHz- CD3OD) δ: 122.1 (C-1), 110.4 (C-

2,6), 146.4 (C-3,5), 139.6 (C-4), 170.4 (-COOH).

These compounds were assayed for their DPPH

inhibitory activity. IC50 values of 1, 2, 3 and 4 were 14.1

µM, 23.6 µM, 6.8 µM and 6.5 µM, respectively.

Epicatechin which is a flavonol belonging to the group of

flavonoids is a strong antioxidant (Yilmaz et al., 2004).

Besides, protocatechuic, gallic and ferulic acids are

polyphenol antioxidants (Karamac et al., 2005). Their

presence could explain the strong inhibition of lipid

peroxidation and DPPH radical-scavenging activity of this

plant.

Conclusions

In conclusion, we have carried out a systematic

investigation of Vietnamese medicinal plants for DPPH

inhibitory activity and lipid peroxidation inhibition. The

results indicate a number of medicinal plants that may be

useful for the treatment of diseases relating free radical

damages, and provide the basis for further investigation

on these medicinal plant species to isolate active

constituents and drug development. Specifically, this is

the first scientific report on antioxidant activity of the

female flower of B. flabellifer, and the stem of C.

latifolium, E. ribes, S. parviflorus, and T. erubescens. 
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Fig. 1. Structures of the isolated compounds from the stem of S. parviflorus. 
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