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Abstract Four compounds with antioxidant activity were isolated from the MeOH extract of peanut shells (pod) and
identified as 5,7-dihydroxychromone (1), eriodictyol (2), 3',4',7-trihydroxyflavanone (3), and luteolin (4) by electron impact-
mass spectrometry (EI-MS) and nuclear magnetic resonance (NMR) analyses. The relationship between antioxidant activity
and chemical structure of the isolated compounds with their analogues [(-)-epicatechin, quercetin, taxifolin] was examined by
measuring 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity and using the 2-deoxy-D-ribose degradation
system. The order of antioxidant activity on the basis of DPPH radical-scavenging was quercetin = (-)-epicatechin (6.0
molecules) > taxifolin (4.5 molecules) > 4 (luteolin; 4.0 molecules) > 2 (eriodictyol; 2.5 molecules) > 3 (3',4',7-trihydroxy-
flavanone; 2.0 molecules) > 1 (5,7-dihydroxychromone; 0.5 molecules). On the other hand, using the 2-deoxy-D-ribose
degradation system, the order of antioxidant activity was quercetin > 4 >> (-)-epicatechin > 2 > taxifolin > 3 > 1. These
compounds from peanut shells may provide defensive measures against oxidative stress and insects in the soil.
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Introduction

Antioxidants are widely used in the manufacture and
storage of fat, oil, and fatty foods to minimize rancidity
caused by oxidation. Moreover, antioxidants may also be
associated with the effective protection from peroxidative
damage in living systems and play an important role in the
prevention of carcinogenesis, diabetes, and inflammatory
disease (1-3). Numerous studies have reported on the
effectiveness of antioxidants in fat, oil, and fatty foods.
However, the continued use of butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT), the most
widely used artificial antioxidants in food, is being
questioned because of their safety (4). Therefore, much
attention has been focused on the identification and
development of natural antioxidants.

The shell (pod) and seed of the peanut (Arachis
hypogaea), one of the principal agricultural plants in the
world, mature in the ground (5). Therefore, compounds in
peanut shells may provide protection against attack by
insects and oxidative damage. Recently, many researchers
have been investigating the active antioxidant substances
in hull extracts from, for example, rice and oat (6, 7).
However, there has been no attempt to study the
antioxidant properties of compounds found in peanut
shells.

In previous papers, we reported the isolation and
identification of antimicrobial and antioxidant substances
from peanut shells (8-10). As part of our continuing
investigation, we now report on the further isolation and
identification of antioxidant compounds from peanut shells
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and the relationship between structure and antioxidant
activity of the isolated compounds and flavonoid
analogues using two different assay systems.

Materials and Methods

Biological materials Peanut shells (pods) were harvested
at Gochang, Korea, and air-dried. The moisture levels of
the dried peanut shells were 4.80+0.04%.

Chemicals 3,3'4',5,7-Pentahydroxyflavone (quercetin),
3,3'4',5,7-pentahydroxyflavanol [(-)-epicatechin], 3,3'4',5,
7-pentahydroxyflavanonol (taxifolin), 3'4',5,7-tetrahydroxy-
flavone (luteolin), 1,1-diphenyl-2-picrylthydrazyl (DPPH),
and o-tocopherol were purchased from Sigma chemicals
(St. Louis, MO, USA). 3'4'5,7-Tetrahydroxyflavanone
(eriodictyol) was supplied by Funakoshi (Tokyo, Japan). 2-
Deoxy-D-ribose was purchased from Acros Chemical
(Organics, NJ, USA). Dimethyl sulfoxide-ds (DMSO-d)
and methanol-d, (CD;0OD) were obtained from Merck
(Darmstadt, Germany).

Isolation of antioxidants Peanut shells (6.1 kg, dry
weight) were extracted with methanol (MeOH, 10 L) and
concentrated in vacuo. The MeOH extract (145.2 g) was
solvent-fractionated into aqueous and organic phases with
ethylacetate (EtOAc, 3x5 L) and a buffer solution of 0.2
M glycine/0.2 N HCI (3 L) at pH 3.0 (11). The organic
phase was subsequently fractionated with a buffer solution
of 0.2 M NaH,P0,0.2 M Na,HPO, (3 L) at pH 8.0. The
organic phase was successively solvent-fractionated with a
buffer solution of 0.2 M KCI/0.2 M NaOH (3 L) at pH
12.0. The obtained aqueous phase was adjusted to pH 6.0
with 1.0 N HCIL, and then extracted with EtOAc (3x5 L,
EtOAc-soluble phenolic fraction).
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The EtOAc-soluble phenolic fraction (6.2 g) was subjected
to silica gel adsorption column chromatography (Kieselgel
60, 25%x250 mm, 70-230 mesh; Merck, 12). Elution was
carried out stepwise with an increasing concentration of
MeOH in EtOAc (0:10, 1:9, 2:8, 3.7, 4:6, 5:5, v/v, each
600 mL). The active fraction was rechromatographed
using silica gel adsorption column chromatography
(Merck) with EtOA¢ in n-hexane (6:4, 4:6, 2:8, 0:10, v/v,
each 400 mL). The active fraction obtained from the silica
gel column was chromatographed on a Sephadex LH-20
(30800 mm, 25-100 mesh; Phamacia Fine Chemicals,
Uppsala, Sweden) column with MeOH/chloroform
[(CHCLy), 4:1, v/v]. Each active fraction (fraction I-III)
was applied to a column of octadecylsilane (ODS, 70-230
mesh, fraction I, 10x100 mm; fraction II, 10x90 mm;
fraction III, 10x180 mm; YMC, Kyoto, Japan) and eluted
stepwise with an increasing concentration of MeOH in
H,0. The active eluate was subjected to HPLC under the
following conditions: ODS column, Senshu-pak (8x250
mm, Tokyo, Japan); detection, UV detector (254 nm, 486
Tunable absorbance detector; Waters, Milford, MA, USA);
flow rate, 1.5 ml/min (Model 510 solvent delivery
system; Waters) at room temperature; mobile phases, 60%
MeOH (fraction I), 40% MeOH (fraction II), and 65%
MeOH (fraction III).

Structural elucidation of the active compounds Electron
impact-mass spectrometry (EI-MS) was performed using a
mass spectrometer (Waters Integrity™ System) under the
following conditions: ion source temperature, 200°C;
ionizing voltage, 70 eV; scanning mass range, m/z 50-500.
Nuclear magnetic resonance (NMR) spectra were
measured in DMSO-d; (1, 4) and CD;0D (2, 3) with an
WNOVA 500 spectrometer (‘H, 500 MHz; “C, 125
MHz; Varian, Walnut creek, CA, USA) referenced to
tetramethylsilane (TMS, &=0; 2, 3) and the residual proton
solvent resonance (DMSO-dj, §=2.5 for 'H-NMR; 1, 4).

Evaluation of DPPH radical-scavenging activity for the
MeOH extract and solvent-fractionation DPPH radical-
scavenging activity of the MeOH extract and each fraction
after solvent fractionation was measured according to the
method of Abe et al. (13). The DPPH radical was prepared
in EtOH as a 100 uM solution (final concentration, 90.9
puM). This DPPH solution (900 pL) was mixed with different
concentrations of peanut shell extract (100 pL in MeOH
solution) or MeOH (100 pL, as control). After the reaction
was carried out at room temperature for 10 min in the
dark, the free radical-scavenging activity of each sample
was quantified by measuring decolorization at 517 nm and
expressed as the concentration of the samples required to
scavenge 50% of the DPPH radicals (SCsp).

Evaluation of DPPH radical-scavenging activity of
purified antioxidants Each peanut shell fraction was
spotted on a silica gel thin layer chromatography plate
(TLC, Silica gel 60 Fysq, 0.25 mm thickness; Merck) and
developed with a suitable solvent. DPPH EtOH solution
(200 uM) was then sprayed on the plate surface (14). After
spraying the DPPH solution, fractions displaying a
decolorization of the spot were regarded as possessing
antioxidant activity.
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Evaluation of the number of DPPH radicals scavenged
per molecule of antioxidant The number of free
radicals scavenged per molecule of the isolated compounds
and their flavonoid analogues was determined using
DPPH (15, 16). An EtOH solution (0.5 mL) containing
each of the test samples at different concentrations (5-250
uM) was addes into the 1.0 mM DPPH (final concen-
tration, 250 pM) in EtOH (0.5 mL). The total volume of
the reaction mixture was then adjusted to 2.0 mL with 100
mM Tris-HCI buffer (pH 7.4). The reaction was carried
out at room temperature for 30 min in the dark, after
which the free radical-scavenging activity of each
flavonoid was quantified by decolorization measured at
517 nm. a-Tocopherol was used as the standard sample.
The number of DPPH radicals scavenged by one molecule
of each sample was calculated as

Number of DPPH radicals scavenged
= DPPH concentration in the reaction mixture (250 MY
initial concentration showing no change of absorbance.

Evaluation of antioxidant activity using 2-deoxy-D-
ribose Protection against deoxyribose oxidative degrada-
tion was used for the evaluation of hydroxyl radical-
scavenging activity of isolated peanut shell compounds
and their derivatives according to the modified method of
Lopes et al. (17). Briefly, each 10 mL reaction mixture
contained 20 mM potassium phosphate buffer (pH 7.4),
2.8 mM deoxyribose, and each test compounds (final
concentration, 0.1 mM). Each reaction was initiated by the
addition of Fe(NO;)s/ascorbic acid (final concentration,
0.01 mM/1.0 mM) and H,0, at a final concentration of 1.0
mM. The reaction mixture (1.0 mL) was incubated at 37°C
for 1 hr. The radical-mediated decomposition of deoxyribose
to malonaldehyde (MDA) was assessed by reaction with
thiobarbituric acid (TBA) in an acid solution. Trichloro-
acetic acid (2.8%, w/v) solution and 1.0 mL of 4,6
dihydroxy-2-mercaptopyrimidine (1%, w/v) in a 50 mM
NaOH solution were then added. The mixture was heated
at 100°C for 10 min. After cooling, 2 mL of BuOH was
added. The extent of deoxyribose degradation by the
formed hydroxy] radical was measured in the BuOH phase
at 532 nm. The amount of deoxyribose degradation
expressed as the TBA-reactive substance (TBARS) value
was calculated from a calibration curve with
tetraethoxypropane as the standard.

Results and Discussion

Purification and isolation of active antioxidant
substances from peanut shell The antioxidant activity of
MeOH extract (145.2 g) of peanut shells (6.1 kg dry wt)
was measured on the basis of the sample concentration
required for 50% scavenging (SCs) of the DPPH radical
(final concentration, 90.9 puM). The SCsy value of the
MeOH extract was 10 pg, Interestingly, the MeOH extract
had higher activity than a-tocopherol (14 pg), a natural
antioxidant used as a control compound. Therefore, the
MeOH extract was solvent-fractionated with EtOAc and a
buffer solution to purify active antioxidant compounds.
The EtOAc-soluble acidic and phenolic fractions showed
SCsp value of 90 and 8 pg, respectively. However, the
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EtOAc-soluble neutral fraction did not exhibit any
antioxidant activity.

In previous reports (8, 9), we have already described the
isolation and the identification of 3-methoxy-4-hydroxy-
benzoic acid, 4-hydroxybenzoic acid, and 3,4-dihydroxy-
benzoic acid as active antioxidant and antimicrobial
substances from the EtOAc-soluble acidic fraction. The
current study describes the elucidation of structure and the
characterization of active antioxidant compounds isolated
from the EtOAc-soluble phenolic fraction.

The EtOAc-soluble phenolic fraction (6.2 g) was
subjected to silica gel adsorption column chromatography
(stepwise elution with an increasing concentration of
MeOH in EtOAc). The active fraction (EtOAc/MeOH,
100:0, v/v, 42 g) was repurified by repeated silica gel
adsorption column chromatography (EtOAc/n-hexane).
The eluate (640 mg) with n-hexane/EtOAc (50:50-40:60,
v/v) was found to have antioxidant activity and was
subjected to Sephadex LH-20 column chromatography
(MeOH/CHC]I,, 4:1, v/v). The active components were
found in three fractions with a Ve/Vt (elution volume/
column bed volume) of 1.08-1.18 (fraction I, 133.0 mg),
1.24-1.30 (fraction I, 19.7 mg), and 1.40-1.60 (fraction
I, 277.2 mg). Each active fraction was then further
purified using ODS column chromatography (H,O/
MeOH). The active fractions [60-80% MeOH eluate (from
fraction [, 23.4 mg; fraction l-a), 40-50% MeOH eluate
(from fraction II, 14.9 mg; fraction II-a), 60-90% MeOH
eluate (from fraction III, 53.6 mg; fraction Ill-a)] were
successively purified by reversed-HPLC [ODS column,
60% MeOH (fraction I-a), 40% MeOH (fraction II-a),
65% MeOH (fraction III-a)] to obtain four active compounds
[1 (from fraction I-a, #z 10.0 min, 16.0 mg), yellow
amorphous powder; 2 (from fraction II-a, #z 14.3 min, 3.4
mg), white amorphous powder; 3 (from fraction II-a, 7 32.7
min, 2.5 mg), yellow amorphous powder; 4 (from fraction
ll-a, tz 13.7 min, 2.4 mg) yellow amorphous powder].

Identification of isolated compounds The molecular
weight of 1 was determined through its EI-MS spectrum,
in which the molecular ion was found at m/Zz 178 [M]"
together with other fragment ions at m/z 152 [M-C;H, ],

Table 1. "H-NMR data for compounds 1-4 (500 MHz)

J -H. Wee et al.

124 [M-C3H,0]", and 69 [M-C¢H,0,]". The 'H-NMR
spectram (DMSO dé, Table 1) of 1 showed signals
corresponding to 4 sp? carbon protons (8 8.17-6.19, 4H),
including two pairs of equivalent proton signals [& 6.19
and 6.35 (d, /=2.0 Hz, H-6 and 8); 6.27 and 8.17 (d, J=6.0
Hz, H-3 and 2)]. In addition, 1H proton signal detected at
& 12.69 (sec) suggested the presence of a carbonyl group
and a hydroxyl group in the 4 and 5 positions of the
chromone ring, respectively. The C-NMR spectrum
(DMSO-d;, Table 2) showed 9 signals comprising 9 sp’
carbons (6 94.7-182.0) mcludlng one carbonyl carbon (6
182.0). From EI-MS, 'H- and “C-NMR spectroscopic
data, 1 was suggested to be a chromone structure. The
important correlations between 'H and *C in the HMBC
spectrum (data not shown) as well as the splitting patterns
in the '"H-NMR spectrum revealed the complete linkages
of carbons and protons. On the basis of these results, the
structure of 1 was identified with certainty as 5,7-
dihydroxychromone.

The molecular weight of 2 was determined through its
EI-MS spectrum, in which the molecular ion was found at
m/z 288 [M]" together with other fragment ions at m/z 179
[M-C¢H;sO,]", 166 [M-C¢H,O5]", 153 [M-CsH0,]", 136
[M-C7H404]+, 123 [M-CgHgOs]", and 110 [M-CoH,0,]".
The “C-NMR sgectrum (Table 2) showed 15 signals
including 12 sp* aromatic carbons (6 167.7-95.1), a
carbonyl carbon (8 196.5, C-4), and 2 sp’ carbons [8 79.3
(C-2), 42.9 (C-3)]. The 'H-NMR spectrum (Table 1)
showed 8 signals correspondmg to 5 sp” carbon protons (&
5.87-6.92) and 3 sp’ carbon protons [$ 5.28 (1H, dd, J/=3.0,
12.9 Hz, H-2), 2.69 (dd, J=3.0, 17.1 Hz, H-3a), 3.06 (dd,
J=12.9, 17.1 Hz, H-3b)]. Two proton signals at & 5.87 and
5.89 possessed the same coupling constant (J=2.0 Hz)
ascribable to the flavonoid A ring. In addition, a series of
three proton signals at & 6.92 (1H, br. s, H-2") and 6.79
[2H, m, two 1H portion signals (H-5', 6') were overlapped]
were assigned to the flavonoid B ring. The couplmg
constant values and splitting patterns of the sp’ carbon
protons showed the presence of contiguous protonated
carbons including methine and geminal methylene protons
of the AB type (8 2.69 and 3.06) corresponding to the
flavonoid C ring. Based on these data, 2 was likely to be

.. oy (mult., J)
Position
1 (DMSO-dg) 2 (CD5;0OD) 3 (CD;0OD) 4 (DMSO-dy)
2 8.17 (1H, d, 6.0) 5.28 (1H, dd, 12.9, 3.0) 5.32 (1H, dd, 13.0, 3.0) -
3 627 (1H, d, 6.0) 3a:2.69 (1H, dd, 17.1, 3.0) 3a: 2.69 (1H, dd, 16.9, 3.0) 6.66 (1H, s)

3b: 3.06 (1H, dd, 17.1, 12.9)
5 12.69 (1H, s, -OH) -

6 6.19 (1H, d, 2.0) 5.87 (1H, d, 2.0)

8 6.35 (1H, d, 2.0) 5.89 (1H, d, 2.0)

10 - -

2 - 6.92 (1H, br. s)

5 - 6.79 (2H, m, overlapped with H-6")
6 - 6.79 (2H, m, overlapped with H-5")

3b: 3.01 (1H, dd, 16.9, 13.0)
7.72 (1H, d, 8.3)
6.49 (1H, dd, 8.3, 2.5)
635 (1H, d, 2.5)

12.96 (1H, s, -OH)
6.18 (1H, br. s)
6.43 (1H, br. s)

6.93 (1H, d, 1.5)
6.80 (2H, m, overlapped with H-6")
6.80 (2H, m, overlapped with H-5")

7.39 (1H, br. 5)
6.87 (1H, d, 8.5)
7.40 (1H, d, 8.5)
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Table 2. *C-NMR data for compounds 1-3 (125 MHz)

Positon  1(DMSO-d)  2(CD;OD) 3 (CD;OD)
2 158.1 79.3 81.1
3 112 429 45.1
4 182.0 196.5 193.6
5 1623 1642 129.9
6 99.7 96.0 112.0
7 165.2 167.7 165.6
8 94.7 95.1 103.9
9 158.5 163.6 167.3
10 105.5 102.1 114.9
I ; 130.6 132.1
2 . 113.5 114.7
3 - 1453 146.6
4 - 145.7 146.9
5' ; 115.1 116.3
6 ; 1182 119.3

flavanone. The complete identification of 2 was established
by HMBC analysis (data not shown). Consequently, the
structure of 2 could be identified with certainty as 3',4',5,7-
tetrahydroxyflavanone (eriodictyol).

The molecular weight of 3 was determined through its
EI-MS spectrum, in which the molecular ion was found at
m/z 272 [M]' together with other fragment ions at 163 [M-
C6H502]+, 137 [I\/I-C7H403]+, 108 [M-C9H7O3]+. The 1I{-
NMR spectrum (Table 1) was closely related to that of 2,
except for the proton signals [6 6.49 (1H, dd, J=2.5, 8.3
Hz, H-6), 7.72 (1H, d, /=8.3 Hz, H-5)] corresponding to
the A ring of flavanone. The signal splitting and coupling
constant values of the A ring indicated that it has three

OH
. oH
HO _x O~  HO. 3 O g H
LN
OH O OH O

1 (5.7-Dihydroxychromone)® 2 (Enodictyol)®

OH OH
OH OH OH
Hol\oI HOI\O HOI\O
“ OH & OH & OH
OH © OH

. b
Quercetin

(-)-Epicntzcchinb
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substituent groups with vicinal methine protons. The *C-
NMR spectrum (Table 2) also exhibited signals suitable
for the 15 carbon atoms of flavanone. The important
correlation between 'H and *C in HMBC spectrum (data
not shown) revealed the complete linkages of carbons and
protons. On the basis of these assignments, the structure of
3 was unambiguously concluded to be 3'4',7-trihydroxy-
flavanone.

The molecular weight of 4 was determined through its
EI-MS spectrum, in which the molecular ion was found at
m/z 286 [M]" together with other fragment ions at m/z 153
M-CsHoO]" and 134 [M-C;H,O,]". The 'H-NMR spectrum
(Table 1) of 4 was also closely related to that of 2. The 'H-
NMR spectrum of 4 showed one more sp” carbon signal (8
6.66, 1H, s; H-3) instead of sp’ carbon signals in comparison
with 2. This suggested that 4 is a flavone. Two proton
signals at § 6.18 (1H, H-6) and 6.43 (1H, H-8) possessing
the same signal pattern (br. s) ascribable to the A ring and
a series of three proton signals at & 7.39 (1H, br. s, H-2"),
6.87 (1H, d, J=8.5 Hz, H-5"), and 7.40 (1H, d, /=8.5 Hz,
H-6") assigned to the B ring showed it to be the known
compound luteolin. Therefore, in order to confirm the
proposed structure 4, we carried out '"H-NMR analysis of
commercial standard luteolin (data not shown) in a similar
manner to that for 4, and then the '"H-NMR spectrum was
compared with that of 4. The spectra were superimposed
and 4 were confirmed to be luteolin.

The four active antioxidative compounds (Fig. 1)
isolated from the FtOAc-soluble phenolic fraction of the
MeOH extract of peanut shells were identified as 5,7-
dihydroxy-chromone (1), eriodicryol (2), 3'4'.7-
trihydroxyflavanone (3), and luteolin (4). Compound 1 has
been reported to inhibit velvet leaf (dbutilon theophrasti)
seed germination (18) and depress aflatoxin production by
Aspergillus  parasiticus (19). Compound 3 has been
identified from Dalbergia odorifera, Gliricidia sepium,
and Cassia nomame (20-22). Compounds 2 and 4 are also
widely distributed in many plants, and they have various
activities such as antioxidant, antiinflammatory,

OH OH
OH oH
ol\o Ho|\oI
= o
0 OH ©

3 (3'4'7-Trilydroxyflavanone)?

4 (Luteolin)®

OH

OH O

Taxifolin®

Fig. 1. Structures of compounds 1-4° identified from MeOH extract of peanut shells and flavonoid analogues® used for evaluation

of structure-activity relationships.
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antimicrobial, and cancer-preventive activities (23-26).
However, the isolation and identification of compounds 1-
4 from peanut shells is being reported for the first time as
far as we know.

DPPH radical-scavenging activity of isolated compounds
and their analogues The number of molecules of DPPH
radical scavenged by one molecule of each of the four
antioxidative compounds isolated from peanut shells was
calculated with the assumption that one molecule of o-
tocopherol scavenges two molecules of DPPH radical
(Table 3). The DPPH radical-scavenging activity of 4 (4.0
molecules) was significantly higher than that of 2 (2.5
molecules) or 3 (2.0 molecules), lacking the double bond
between C-2 and C-3, and the hydroxyl group at C-5,
respectively. However, 1 showed considerably lower activity
(0.5 molecule) in comparison with 2-4. The structure of 1
is consistent with the partial structure of the A and C rings
in 4. The radical-scavenging activities and structural relation-
ship of 1 and 4 (4.0 molecules) indicate that the catechol
structure (o-dihydroxyl compounds) of the flavonoid B
ring is one of the important factors for the action of free
radical-scavenging. It has already been reported that the o-
dihydroxyl structure in the B ring is essential for the free
radical-trapping and metal-chelating effects of flavonoids
(27-30). Therefore, it is likely that the lower radical-
scavenging ability of 1 is due to the lack of the B ring.
The structures of 2 and 3 differ only in the presence or
absence of a hydroxyl group in the C-5 position. However,
the difference in the radical-scavenging capacities was not
so remarkable. It is likely that the hydroxyl group at the C-
5 position has little effect on the antioxidant activity of
flavonoids. However, compound 4, which only differs
from 2 in having a double bond between C-2 and C-3,
showed higher DPPH radical-scavenging activity than 2. It
has been suggested that the C ring is one of the important
factors determining the antioxidant activity of flavonoids.
Therefore, the relationship between structure and anti-
oxidant activity toward DPPH radicals was investigated
using flavonoid analogues [(-)-epicatechin, quercetin,
taxifolin, including 2 (eriodictyol) and 4 (luteolin)] (Fig.
1), which have common structural units in the A (5,7-
dihydroxyl group) and B rings (catechol structure) but

Table 3. Number of DPPH radicals scavenged by one molecule
of antioxidant

Compound DPPH radical-scavenging number?
a-Tocopherol 2.0
5,7-Dihydroxychromone (1) 0.5
Eriodictyol (2) 2.5
3',4',7-Trihydroxyflavanone (3) 2.0
Luteolin (4) 4.0
Quercetin 6.0
Taxifolin 4.5
(-)-Epicatechin 6.0

UNumber of DPPH radicals trapped by 1 molecule of a-tocopherol
was assumed to be 2.0.

J -H Wee et al.

differ only in the C ring. Bors et al. (27) have proposed
that the C-2,3 double bond in conjunction with 4-oxo
function is responsible for electron delocalization, and that
the additional presence of C-3 and C-5 hydroxyl groups
provides the maximal radical-scavenging potential and
strongest radical absorption factors. However, the DPPH
radical-scavenging capability of (-)-epicatechin (6.0
molecules), which does not satisfy the proposed structures,
was identical to that of quercetin (6.0 molecules), which
satisfies all of the proposed structures. In addition, the
activity of taxifolin (4.5 molecules), lacking only the C-2,3
double bond in comparison with quercetin, was lower than
that of quercetin.

Taxifolin (4.5 molecules) showed an even lower activity
than (-)-epicatechin (6.0 molecules), which lacks both the
C-2,3 double bond and 4-oxo group. Terao et al. (28) have
reported that the peroxyl radical-scavenging activity of (-)-
epicatechin in the phosphatidylcholine unilamellar liposome
model system initiated by a water-soluble radical generator
[2,2'-azobis(2-amidinopropane)hydrochloride] was lower
than that of quercetin, and this may be due to the lower
electron-donating ability of (-)-epicatechin relative to
quercetin. On the other hand, in a study addressing the
relationship between polyphenyl structure and DPPH
radical-scavenging speed using *C-NMR analysis, Sawai
et al. (31, 32) showed that the radical-scavenging activity
(speed) of o-dihydroxyl phenolic compounds with a
conjugated olefinic double bond (e.g., quercetin) was
superior to that of compounds without this bond (e.g.,
taxifolin), whereas the ability of o-dihydroxyl phenolic
compounds possessing a conjugated carbonyl bond
(protocatechuate) was inferior to that of compounds
lacking this bond (catechol). Therefore, the relative
antioxidant activity of flavonoids seems to be dependent
on the environment where the oxidation happens.

It has been demonstrated that antioxidants are gradually
converted to secondary products and oxidative dimers in a
reaction system involving phenolic compounds with
DPPH radicals (13, 33-37). This suggests that antioxidant
activity in DPPH radical-scavenging systems may depend
on the electron-donating ability of the native starting
antioxidants as well as the secondary products and
intermediates produced after and/or during the radical-
scavenging reaction. Therefore, the reaction conditions
such as the ratio of antioxidant to DPPH, kind of solvent,
light and darkness, temperature, pH, etc. may act as
important factors affecting antioxidant capacity.

Antioxidant activity of isolated compounds and their
analogues regarding 2-deoxy-D-ribose degradation The
relative extent of the inhibition of free radical-mediated 2-
deoxy-D-ribose degradation will give an indication of
hydroxyl radical-scavenging potential and/or iron chelating
propensity. Compound 1 showed the lowest activity not
only in the DPPH reaction system, but also in this reaction
system (Fig. 2). On the other hand, 4 (luteolin) showed the
highest activity of the four compounds isolated from
peanut shell MeOH extract. Moreover, the protective
effect of 4 against 2-deoxy-D-ribose degradation was akin
to that of quercetin, although the activity of 4 was
significantly lower than that of quercetin which satisfies
important determinants for radical-scavenging in the
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Fig. 2. Inhibition effect of compounds 1-4 identified from
MeOH extract of peanut shells and flavonoid analogues used
for the evaluation of structure-activity relationships regarding
ferric ion-induced 2-deoxy-D-ribose degradation. Data are
shown as the mean+SD (n=3).

structure of flavonoids proposed by Bors et al. (27).

The order of antioxidant effectiveness for all of the
compounds isolated from peanut shells tested in this
system is quercetin > 4 (luteolin) >> (-)-epicatechin > 2
(eriodictyol) > taxifolin > 3 > 1. Interestingly, the order of
antioxidant activity was different from that obtained with
the DPPH reaction system. For example, 4 (luteolin, 4.0
molecules) and taxifolin (4.5 molecules) showed a
comparatively similar level of DPPH radical-scavenging
activity. However, in the 2-deoxy-D-ribose degradation
system, 4 demonstrated two-fold greater activity than that
of taxifolin. This is thought to be due to the chelation of
iron ions acting as an initiator of chain-propagating radical
reactions, which is one of the important factors for
antioxidant activity in the 2-deoxy-D-ribose degradation
system. That is, compound 4 and taxifolin are different
with regard to such features as stereochemistry as well as
the presence or absence of the C-3 hydroxyl group.
Therefore, the difference in stereochemistry may affect the
chelating effect occurring between the C-3 hydroxyl and
C-4 oxo groups. It has been suggested that the contribution
of the C-2,3 double bond toward antioxidative activity in
the 2-deoxy-D-ribose degradation system may perhaps be
higher than that of the C-3 hydroxyl group.

Flavonoids are present mostly in the form of glycosides
in plants. However, all of the active antioxidant
compounds isolated from peanut shells (pod) in this
experiment were identified as aglycone forms. The pod
shielding aerial parts (seeds) of the peanuts mature in the
ground. Therefore, the constituents contained in the pod
may exist in such more non-hydrophilic forms as aglycone
because they should not be eluted in humid conditions but
are retained for protection against harmful microorganisms
or insects existing in soil.
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