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Antioxidant Constituents in Vernonia amygdalina Leaves

P. Erasto, D.S. Grierson, and A.J. Afolayan

Department of Botany, University of Fort Hare, Alice, South Africa

Abstract

Vernonia amygdalina Del. (Asteraceae) is a plant widely
used both for nutritional and medicinal purposes
throughout the tropical Africa. The health-promoting
ability of this plant species might be related to the anti-
oxidative effect of its constituents. In this study,the anti-
oxidant activity of this plant was evaluated by comparing
the reducing capacity and the DPPH radical scavenging
of two previously isolated sesquiterpene lactones (verno-
lide and vernodalol) with the ethanol extract from which
the two compounds were isolated. Results indicated that
vernolide had a higher reducing power than vernodalol
and the ethanol extract. At 0.25 mg=mL, vernolide had
an absorbance value of 0.15 while vernolide and the etha-
nol extract had absorbencies of 0.042 and 0.144, respec-
tively. Catechin (a standard antioxidant compound),
however, exhibited a higher reducing power than all
the three samples. In the DPPH radical scavenging, both
the sesquiterpene lactones and the ethanol extract exhib-
ited appreciable activity. At 0.25 mg=mL, the activity
order was ethanol extract > vernodalol > vernolide. At
all concentrations, the ethanol extract had higher radical
scavenging activity than the sesquiterpene lactones,
suggesting a possible synergistic effect of these and any
other antioxidant constituents.

Keywords: Antioxidant activity, free radical scavenging,
vernodalol, vernolide, Vernonia amygdalina.

Introduction

The generation of reactive oxygen species and free radicals
in humans has recently been suggested to be a contributor
to a wide range of pathologic disturbances such as myocar-
dial and cerebral ischemia, atherosclerosis, renal failure,
inflammation, cancer, diabetes, and arthritis (Haraguchi
et al., 1997; Shindo et al., 2004). The generation of active

oxygen species is normally catalyzed by transition metals
such as Fe2þ and Cuþ and subsequently leads to lipid per-
oxidation, which can result in cell death (and neoplasia)
(Smith, 1985). The role of antioxidants may therefore
include decreasing reactive oxygen species concentrations,
interception of singlet oxygen, prevention of the initiation
of lipid peroxidation by scavenging primary radicals, bind-
ing metal ion catalysts, decomposing primary products to
nonradical compounds, and chain breaking to prevent
continued hydrogen abstraction from lipid substrates
(Saha et al., 2004).

Natural products such as sesquiterpenoids and flavo-
noids have been reported to be potential antioxidants
(Bork et al., 1997; Haraguchi et al., 1997; Jodynis-Liebert
et al., 2000). These products are naturally obtained from
food and use of medicinal plants. Vernonia amygdalina
Del. (Asteraceae) is one of the prominent plant species
used for both medicinal and culinary purposes in Africa
(Bullogh & Leary, 1982; Aka & Ekekwe, 1995; Igile et al.,
1995; John et al., 1995; Hamill et al., 2000; Otshudi et al.,
2000; Kambizi & Afolayan, 2001; Ajebesone & Aina, 2004).

As an attempt to further evaluate the ethnomedical
potential of V. amygdalina, two sesquiterpene lactones
(vernolide and vernodalol) together with the crude etha-
nol extract of the leaves of this plant were screened for
comparison of their radical scavenging activity and
reducing power. This was done with the aim of further
validating the medicinal properties of V. amygdalina.

Materials and Methods

General analysis

The 1H, 13C, and DEPT 135 NMR spectra (in methanol-d4)
as well as 2D (COSY HSQC, HMBC) spectra were obtained
on a Bruker Avance DPX 300 (300 MHz); mass spectra were
recorded on Finnigan MAT LCQ DECA instrument;
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melting points were recorded on Stuart Scientific (SMP1)
apparatus; chromatographic separation experiments were
performed on silica gel 60 (particle size 0.063–0.200 mm,
Merck); preparative TLC was carried out using silica gel
60 PF 254þ 366 precoated glass plates (Merck, South Africa);
visualization of compounds was done under UV lamp (254
and 266 nm) and also using vanillin– sulfuric acid spray.

Chemicals

Catechin, potassium ferricyanide [K3Fe(CN)6], trichloro-
acetic acid (Cl3CCO2H), ferric chloride (FeCl3), and
1,1-diphenyl-2-picryl-hydrazyl (DPPH) were purchased
from Sigma Aldrich (South Africa). All solvents were
supplied by Merck Laboratory supplies (South Africa).

Plant material, extraction and isolation of compounds

The leaves of V. amygdalina were collected in May 2004
from a cultivated garden in East London, South Africa.
The plant was authenticated by Prof. Afolayan, and a
voucher specimen (Erasto12) was deposited in the
herbarium of the University of Fort Hare. The air-dried

leaves (500 g) were pulverized and shaken in 99% ethanol
at room temperature for 24 h, and the extract was con-
centrated under reduced pressure to afford 67 g of a
crude extract. It was then treated with activated charcoal
to remove chlorophyll leaving 42.6 g of extract, which
was then subjected to vacuum liquid chromatography
using an elution gradient as follows: n-hexane (100%);
n-hexane=CHCl3 (7:3); CHCl3 (100%); CHCl3=EtOAc
(8:2); EtOAc (100%); and finally EtOAc=MeOH (7:3).
A total of 20 fractions of 150 mL each were collected.

From the fractions eluted with CHCl3=EtOAc (8:2),
white needle-like crystals formed, and were purified by
recrystallizing in CHCl3=EtOAc (9:1) to give 78 mg of a
compound identified as vernolide. After spotting the
remaining fractions on analytical Thin Layer Chromato-
graphy (TLC) and developing with CHCl3=acetone=
MeOH (8:1:1), the EtOAc (100%) and EtOAc=MeOH
(7:3) fractions were combined and chromatographed on
a silica gel column. The elution was done using CHCl3
(100%) followed by CHCl3=EtOAc (8:2), CHCl3=
EtOAc=MeOH (7:2.5:0.5), with increasing polarity to
yield 55 fractions. Guided by analytical TLC, fractions
30–41 were combined and subjected to preparative TLC

Table 1. NMR data for vernolide and vernodalol (300 MHz, CD3OD) isolated from the leaves of Vernonia amygdalina.

Vernolide Vernodalol

Carbon 1H 13C 1H 13C

1 2.92 dd (4.5, 11.4 Hz) 63.6 CH 5.74 bs 141.3 CH
2 2.28 ddd (5.1, 13.2. 13.8 Hz)

1.39 bd (12.8 Hz)
23.3 CH2 5.25 t (10.8 Hz) 114.7 CH2

3 2.41 (2H) m 32.9 CH2 – 165.2 C
4 – 142.6 C – 133.1 C
5 6.17 dd (0.9, 4.0 Hz) 124.1 CH 2.57 bd (10.1 Hz) 50.8 CH
6 4.56 bs 78.1 CH 4.07 t (10.5 Hz) 68.6 CH
7 3.19 m 51.1 CH 2.78 t (11.1 Hz) 54.5 CH
8 5.87 m 70.9 CH 5.37 ddd (4.8, 11.3, 11.4 Hz) 69.6 CH
9 2.76 dd (2.1, 13.5 Hz)

1.39 bt (12.8 Hz)
40.4 CH2 2.02 dd (5.1, 13.5 Hz)

1.67 dd (11.7, 13.5 Hz)
37.5 CH2

10 – 59.1 C – 39.7 C
11 – 135.9 C – 137.5 C
12 – 170.4 C – 166.9 C
13 5.73 bs

6.15 t (1.5 Hz)
125.5 CH2 5.83 bs 6.32 bd (0.9 Hz) 128.6 CH2

14 4.62 bs 98.6 CH 4.45 dd (2.1, 12.0 Hz)
4.73 d (13.5 Hz)

70.7 CH2

15 5.46 bd (10.5 Hz) 64.3 CH2 5.77 dd (4.5, 14.4 Hz)
6.55 d (1.8 Hz)

132.9 CH2

16 – 166.2 C – 165.0 C
17 – 136.4 C – 140.3 C
18 1.96 bs 17.0 CH3 4.19 d (1.2 Hz) 60.1 CH2

19 5.56 bd (1.8 Hz) 129.7 CH2 5.85 d (1.5 Hz)
6.18 d (1.5 Hz)

124.0 CH2

OMe – – 3.75 s 51.1 CH3

J values in parenthesis.
Assignments were confirmed by COSY, HMQC, HMBC, and DEPT 135.

196 P. Erasto et al.



and developed with CHCl3=acetone=MeOH (8:1:1) to
give 243 mg of a creamy feathery crystalline compound
identified as vernodalol. The identification of these
compounds was achieved using NMR and MS spectro-
scopic techniques.

Reducing capacity

Adopting the method of Oyaizu (1986), 0.025, 0.05, 0.1,
and 0.25 mg=mL of pure compounds and the ethanol
extract were mixed with 2.5 mL of 0.2 M phosphate buf-
fer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide
[K3Fe(CN)6]. The mixture was then incubated at 50�C
for 20 min. Aliquots (2.5 mL) of 10% trichloroacetic acid
were added to the mixture, which was then centrifuged
for 10 min at 1000� g. The upper layer of the solution
(2.5 mL) was mixed with 2.5 mL of distilled water and
0.5 mL of 0.1% FeCl3, and the absorbance was measured
at 700 nm in a Beckman spectrophotometer (Sigma,
South Africa). Catechin was used as a standard antioxi-
dant compound. The analysis of each assay solution
was replicated three-times.

DPPH radical scavenging activity

The method described by Liyana-Pathirana and Shahidi
(2005) was used to assess the DPPH radical scavenging
activity of the two sesquiterpene lactones and the ethanol
extract. The DPPH solution (0.1 mL of 0.12 mM) in
methanol was separately mixed with 0.025, 0.05, 0.1,
and 0.25 mg=mL of the samples, respectively, and vor-
texed thoroughly. The absorbance of the mixtures at
ambient temperature was recorded for 60 min at 10-min
intervals. Catechin was used as a reference antioxidant
compound. The absorbance of the remaining DPPH Radi-
cals wasread at 517 nm using a Beckman spectrophotometer
(model DU 7400). The analysis of each assay solution was
replicated three-times. The scavenging of DPPH radicals
was calculated according to the following equation:

DPPH radical scavenging activity ð%Þ ¼

½ðAbscontrol �AbssampleÞ=ðAbscontrolÞ� � 100;

where Abscontrol is the absorbance of DPPH radi-
calþmethanol, and Abssample is the absorbance of
DPPH radicalþ sample extract=standard.

The results were expressed as mean values�SD
(n ¼ 3). Statistical significance was determined using
the MUSTAT program, and the differences at P < 0.05
were considered to be significant.

Results and Discussion

Structural identification of sesquiterpene lactones

Vernolide was obtained as white needle crystals with
melting point 176–177�C and gave an Electron Impact-

Mass Spectrum (EI-MS) molecular ion peak at m=z
385 [MþNa]þ consistent with molecular formula
C19H22O7 when m=z 23 for sodium ion is subtracted.
The 1H and 13C NMR spectral data of vernolide were
in good agreement with published data (Rabe et al.,
2002) (Table 1). This compound has previously been
reported from the aerial parts of Vernonia amygdalina
Del., Vernonia colorata willd, and Vernonia hindei S.
Moore (Jisaka et al., 1993; Zdero et al., 1991; Rabe et
al., 2002).

Vernodalol was isolated as creamy feathery crystals
with melting point 132–136�C and gave an EI-MS
molecular ion peak at m=z 415 [MþNa]þ consistent
with molecular formula C20H24O8 when m=z 23 for
sodium ion is subtracted. The 1H NMR spectral data
of vernodalol were in agreement with the earlier report
of this compound by Asaka et al. (1977) (Table 1). Jisaka
et al. (1993) reported vernodalol to be an artifact of
vernodalin, presumed to be the product of methanol
and extract solvolysis reaction during the extraction pro-
cess. However, a recent report by Erasto et al. (2006)
confirmed the identity of this compound.

Reducing power

The antioxidant activity of the two isolated sesquiterpene
lactones (vernolide and vernodalol) and the ethanol
extract was manifested through their reducing power as
shown in Fig. 1. In this assay, the Fe3þ ! Fe2þ trans-
formation was established as reducing capacity. Catechin

Figure 1. Reducing capacity of different amounts of vernolide,
vernodalol, and ethanol extract from the leaves of V. amygda-
lina compared with catechin (a standard antioxidant compound)
using photospectroscopic detection of the Fe3þ ! Fe2þ trans-
formation. Each value is expressed as mean �SD (n ¼ 3).
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exhibited a superior reducing power at all concentrations
compared with the sesquiterpenoids and the ethanol
extract. The reducing capacity of the samples, increased
with increasing concentration of the sample, which
implied that the samples are electron donors. At
0.05 mg=mL, the absorbencies of vernolide, vernodalol,
and the ethanol extract (at 700 nm) were 0.06, 0.027,
and 0.054, whereas at 0.25 mg=mL the absorbencies were
0.15, 0.042 and 0.144, respectively. These values reflect
the following reducing capability: vernolide > ethanol
extract > vernodalol (Fig. 1).

DPPH radical scavenging activity

All the samples showed an appreciable DPPH radical scav-
enging effect at all concentrations. However, the ethanol
extract was more active compared with vernolide and
vernodalol (Fig. 2). The radical scavenging activity of all
the samples exhibited a concentration- and time-dependent
reaction trend. Increasing the concentration of the assay

sample increased the radical scavenging effect. The
time-dependency factor was particularly observed during
the ethanol extract and free radicals reaction. During the
first 30 min of reaction, the activity of the ethanol extract
was significantly lower compared with catechin, whereas
after 60 min the activities of both the ethanol extract and
catechin were of the same order (Fig. 2).

The percentages of free radical inhibition for the two
compounds showed vernodalol to be slightly more active
than vernolide. It had an IC50 value of 0.03 mg=mL
compared with 0.04 mg=mL of vernolide (Table 2). The
disparity may be due to some structural differences
between the two compounds that are based on the
number of functional groups and substituents.
Vernodalol has three a, b-unsaturated carbonyl carbons
and two hydroxyl groups, whereas vernolide has two
a, b-unsaturated carbonyl carbons and one OH group.
An interesting structural difference is the presence of
an ethenyl (–CH=CH2) group at C-10 of vernodalol
(Fig. 3). This group is free to rotate through the C1–C10

bond so as to attain stable configuration and thus make
it more accessible for a free radical addition reaction.
These comparative structural advantages could be
responsible for a higher radical scavenging activity for
vernodalol compared with that of vernolide.

Conclusions

The ethanol extract and the two sesquiterpene lactones
(vernolide and vernodalol) isolated from V. amygdalina
exhibited appreciable antioxidant activities as manifested
through their reducing capacity and free radical (DPPH)
scavenging properties. The ethanol extract, however, had
the highest free radical scavenging activity, therefore sug-
gesting a possible synergistic effect of these compounds
and other constituents. It has previously been observed
that the antioxidant activity of natural products may
be correlated with their reducing capacity (Yen & Duh,
1995; Duh & Yen, 1997). In this study, however,
the reducing power of both the ethanol extract and the
sesquiterpene lactones exhibited appreciable electron-
donating capacity. This fact further strengthens the anti-
oxidative potential of Vernonia amygdalina. The results
of this study further indicate that not only flavonoids

Figure 2. The DPPH radical scavenging activity of vernolide,
vernodalol, and ethanol extract from the leaves of V. amygda-
lina compared with catechin after 60 min of reaction. Each
value is expressed as mean�SD (n ¼ 3).

Table 2. The IC50 value of two sesquiterpene lactones (verno-
lide and vernodalol) and the ethanol extract from the leaves of
Vernonia amygdalina

Compunds=extract IC50 (mg=mL)a

Vernolide 0.04
Vernodalol 0.03
Ethanol extract <0.025
Catechin <0.025

aIC50 values were calculated by extrapolations.

Figure 3. Structures of vernolide and vernodalol isolated from
the leaves of V. amygdalina.
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are responsible for any antioxidant effects of this plant
species as reported by Igile et al. (1994) but that sesqui-
terpene lactones might also contribute.
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