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Avenanthramides are substituted N-cinnamoylanthranilic acids, with hydroxycinnamic acid and

anthranilic acid moieties. These alkaloid phenols, which are unique to oats, may confer health

benefits via antioxidant or other mechanisms. Synthetic avenanthramides, hydroxycinnamic acids,

Tranilast, and ascorbic acid were evaluated for antioxidant activity using two assays, DPPH (2,2-

diphenyl-1-picrylhydrazyl) and FRAP (ferric reducing antioxidant potential), and for antigenotoxicity

using the Comet assay with stressed human adenocarcinoma colon cells. Of all the compounds

tested, N-(30,40-dihydroxy-(E)-cinnamoyl)-5-hydroxyanthranilic acid (2c), an abundant oat aven-

anthramide, generally had the highest activity in all three assays. The drug Tranilast showed

antigenotoxic effects, but not antioxidant activity, suggesting that antigenotoxicity is not dependent

on antioxidant effects. Overall, results show that avenanthramides exert antioxidant and antigeno-

toxic activities that are comparable to those of ascorbic acid and which have the potential to exert

beneficial physiological effects.
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INTRODUCTION

Although there is substantial evidence that whole-grain cereals
are protective against heart disease, certain cancers, and diabetes,
themechanismsunderlying these protective effects are unclear (1).
Oats, which are usually consumed as a whole-grain cereal, are a
good source of mixed-linkage soluble fiber (1f3)(1f4)-β-D-
glucan (β-glucan or oat gum), and this grain component is
associated with the cholesterol-lowering effects of dietary oats
and with the ability of oats to modulate postprandial glucose and
insulin responses (2). However, whole-grain cereals, such as oats,
are also relatively high in awide range of phenolic phytochemicals
and other compounds, which also have number of potentially
beneficial physiological effects, including antioxidant and anti-
inflammatory activities (3).

Oats have substantial antioxidant activity, and oat flour was
used as a food antioxidant to prevent rancidity before the advent
of synthetic antioxidants (4, 5). Oat antioxidants include tocols
(tocopherols; tocotrienols), phytic acid, and a wide range of
phenolic compounds (5, 6). These phenolic compounds include
the relatively simple hydroxycinnamic acids, p-coumaric, caffeic,
ferulic, and sinapic acids (Figure 1), and the avenanthramides,
which are alkaloid phenols, found uniquely in oats (6-9). Aven-
anthramides are substitutedN-cinnamoylanthranilic acids, which
comprise hydroxycinnamic acid and anthranilic acid moieties

(Figure 2). In the abbreviations used for the avenanthramides in

this paper, the number (1 or 2) denotes anthranilic or 5-hydroxy-

anthranilic acid and the letter denotes the hydroxycinnamic acid

moiety (p, p-coumaric; c, caffeic; f, ferulic; s, sinapic) (10). The

major avenanthramides found in oats are 2p, 2c, and 2f, and 1p,

1c, and 1f have also been identified (7,10-12).However, there are

no reports of the sinapic acid derivatives, 1s and 2s, in oats.

Avenanthramides are present in oats at substantially higher

concentrations than the free hydroxycinnamic acids and are

major contributors to the antioxidant activity that has been

demonstrated in vitro in oats (8, 9, 13).
Phenolic antioxidants, including those from whole-grain cere-

als, have the potential to protect against oxidant damage to

biomolecules such as LDL-cholesterol and DNA, which may be

involved in the onset and progression of heart disease and

cancer (14-16). Avenanthramidesmay also have antiatherogenic

effects mediated by their anti-inflammatory and antiproliferative

properties (17-19). Furthermore, avenanthramides are structu-

rally very similar to the oral drugTranilast (Figure 2), which has a

number of potential therapeutic benefits including anti-inflam-

matory, antiatherogenic, and anticancer effects (20-22).
The aims of this study were to evaluate synthetic avenanthr-

amides and related compounds for antigenotoxic effects by
assessing protection against DNA damage in a human colon
adenocarcinoma cell line, using the Comet assay, and to relate the
antigenotoxic activity to antioxidant activity.

*Corresponding author [telephone þ 44 (0)28 70324205; fax þ44
(0)28 70324965; e-mail rw.welch@ulster.ac.uk].
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MATERIALS AND METHODS

Chemicals and Reagents. Caffeic acid, p-coumaric acid, ferulic acid,
sinapic acid, ascorbic acid, 5-hydroxyanthranilic acid, methanol (HPLC
grade), 2,4,6-tripyridyl-s-triazine (TPTZ), ferrous sulfate, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), low melting point agarose, standard agarose,
phosphate-buffered saline tablets (PBS), trypan blue dye, sodium chloride,
disodium ethylenediaminetetraacetic acid dihydrate (EDTA), tris[hydro-
xymethyl]aminomethane (Tris), hydrogen peroxide solution, Triton
X-100, sodium hydroxide, and ethidium bromide were all purchased from
Sigma Aldrich (Poole, U.K.). Tranilast was purchased from Tocris
Cookson Ltd. (Bristol, U.K.). Eight avenanthramides (1p, 1c, 1f, 1s, 2p,
2c, 2f, 2s) were synthesized using a modified version of the method of
Mayama et al. (23) as outlined in Bratt et al. (10). Stock solutions of
hydroxycinnamic acids, 5-hydroxyanthranilic acid, Tranilast, and the
avenanthramides were prepared in methanol and stored at -70 �C until
required. Ascorbic acid solutions were prepared freshly as required in
deionized water. Lysis buffer (pH 10) for the Comet assay was made up
using 2.5 M NaCl, 0.1 M EDTA, and 10 mM Tris, with 1% Triton X
added to the solution immediately before use. HT-29 cells were obtained
from the European Collection of Animal Cell Cultures (Salisbury, U.K.),
and Dulbecco’s Modified Eagle Medium (DMEM), trypsin-EDTA, and
penicillin-streptomycin were from Gibco BRL (Eggenstein, Germany).

DPPHAssay. The free radical scavenging capacity of the compounds
was evaluated using the DPPH method adapted from Miller et al. (24).
Dilutions of 0, 75, 100, and 125 μmol/L of the test compounds were made

with methanol on the day of analysis. Aliquots (5 mL) of these dilutions
were added to 5 mL of DPPH solution (101 μM in methanol), methanol

(15mL), andwater (25mL), giving final concentrations of 0-12.5μmol/L.
After incubation (40 �C; 2 h) in a rotating incubator (SI 50 Stuart
Scientific, Surrey, U.K.), the change in absorbance at 515 nm was used

to calculate the amount of DPPH reduced by the test compounds as
previously described (24). Initial absorbance readings for DPPH were

around 0.9, and a 10% decrease was typical for the 0 μmol/L concentra-
tion. Duplicate analyses at each concentration were performed and results

expressed as micromoles of DPPH reduced per micromole of antioxidant,
calculated from the mean of the three concentrations tested. DPPH
reduced was linearly proportional to the concentration of antioxidants

over the ranges tested (data not shown). The coefficient of variation for the
DPPHmethod was 10% (n=7) from the 101 μMDPPH blank solution at

time zero.

Ferric Reducing Antioxidant Potential (FRAP) Assay. The
FRAP assay measures the combined reducing power of electron-donating
antioxidants, using a timed redox-linked ferric-ferrous tripyridyltriazine

reaction (25, 26). Analysis was carried out on an automatic analyzer
(Hitachi 912, Lewes, U.K.), and FRAP values were calculated from a
ferrous sulfate (FeSO4 3 7H2O) standard curve run in parallel. Dilutions

(0, 250, 500, 750, and 1000 μmol/L) of the test compounds were prepared
in water on the day of analysis. Duplicate analyses at each concentration

were performed, and in all cases a linear dose-response relationship was
observed over the range of concentrations tested (data not shown).Results

were expressed as the parameter “equivalent concentration” 1 (EC1),
which is the concentration of antioxidant having a ferric-TPTZ reducing
ability equivalent to that of 1 mmol/L FeSO4 3 7H2O and was calculated as

the concentration of antioxidant giving an absorbance increase in the
FRAP assay equivalent to the theoretical absorbance value of a 1 mmol/L

concentration of Fe(II) solution determined using the corresponding
equation of the line (27). Therefore, the lower the EC1 value, the higher

the antioxidant activity.An in-house pooled plasma standardwas runwith
each batch analysis, and the coefficient of variation for the FRAP assay
was 2% (n=7).

Comet Assay for Genotoxicity. The Comet assay (single-cell gel
electrophoresis) was used to assess potential protective effects of the test
compounds against DNA damage in cells stressed with hydrogen per-
oxide.

Preparation of Test Compounds. Dilutions of the test com-
pounds were made with water to concentrations of 5 and 25 μmol/L
antioxidant in 1.56% aqueous methanol. Compounds that were difficult
to dissolve were gently heated or sonicated. Aliquots (1 mL) of these
dilutions were added to 9 mL of Dulbecco’s Modified Eagle Medium
(DMEM). The final concentrations of compounds analyzed were there-
fore 0.5 and 2.5 μmol/L, and the final concentration of methanol in the
medium was 0.156%. Duplicate solvent controls (0.156% aqueous
methanol) were included in each run.

Adenocarcinoma Cell Line. HT-29 cells (human colon adenocar-
cinoma cells) were grown in tissue culture flasks with DMEM supple-
mented with 10% fetal bovine serum and 1% penicillin-streptomycin at
37 �C in a (95%) humidified incubator (5% CO2). On days 3 and 5 cells
were trypsinized (1% trypsin, PBS) at 37 �C for a maximum of 10min and
subcultured at a dilution of 1:3. On day 5 cells were trypsinized again and
subcultured at a dilution of 2:8. These cells were left to culture for 24 h to
form a monolayer, and the medium was decanted in preparation for
incubation with the test compounds.

Pretreatment and Stressing of Cells.HT-29 cells were incubated
with the medium containing the test compounds (10 mL) for 24 h. Cells
were then trypsinized, and cell viability was assessed using trypan blue
exclusion. Cell suspensions were prepared in serum-free DMEM at a
concentration of 1.5� 105 cells per milliliter, and the suspensions (450 μL)
were stressed by incubationwith hydrogenperoxide (50μL, 750 μMH2O2)
for 5min on ice.Duplicate suspensions fromeach treatmentwere included.
Unstressed cells that had been treated with the different levels of
antioxidant were included to assess if the test solutions caused any damage
to the cells.

Figure 1. Structures of the (a) anthranilic acid and (b) hydroxycinnamic
acid moieties.

Figure 2. Structures of the avenanthramides and Tranilast.
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Assessing Cell Damage. After incubation, cells were centrifuged
(1000g, 3 min) in a microcentrifuge at room temperature. The supernatant
was discarded, and the pellet was resuspended in 85 μL of 0.85% low
melting point agarose and layered, with coverslips, onto frosted slides
precoated with 100 μL of 1% normal melting point agarose. The gel layer
was allowed to solidify, coverslipswere removed, and slideswere immersed
in lysis buffer in Coplin jars. Slides that had been treated with H2O2 were
kept in separate jars during lysis. Cells were lysed in lysis buffer for 1 h at
4 �C in the dark. After lysis, slides were transferred to an electrophoresis
tank and placed in chilled electrophoresis buffer, and the DNA was
allowed to unwind for 20min before a current (25 V; 300 mA) was applied
for 20 min. After electrophoresis, gels were washed (3 � 5 min) in
neutralizing buffer (0.4 M Tris, pH 7.5) at 4 �C, stained with ethidium
bromide (20 μg/mL), and covered with a coverslip. Slides were placed in a
humidified airtight box and stored at 4 �C. Analysis was performed within
3 days by measuring the intensity of light in the comet tail, which
represents the percentage of tail DNA damage. Gels were analyzed at
400�magnification using a fluorescence microscope, and 50 cells per slide
were scored. Tail DNAwas recorded using a computerized image analysis
system (Komet 3.0, Kinetic Imaging, Liverpool, U.K.). All test and
control samples were coded, and the operator was not aware of their
identity while conducting the assays. The results are expressed as percent
DNA in the comet tail (mean( SD), which indicatesDNAdamage, and as
the equivalent concentration 50 (EC50), which is the concentration
of antioxidant required to reduce theDNAdamage, caused by the positive
control, by 50%. The coefficient of variation for the Comet assay,
which was estimated from the negative control run with each experiment,
was 8.4% (n=6).

Statistical Analysis. Results were analyzed by one-way analysis of
variance followed by a post hoc test (Tukey) and by using Pearson’s
correlations (SPSS, version 11.0). Differences were considered to be
significant at P < 0.05.

RESULTS

DPPHAssay.Table 1 shows themicromoles ofDPPH reduced
per micromole of the compounds tested, where the greater the

amount ofDPPH reduced, the higher the antioxidant activity. All
compounds, except 1p and Tranilast, showed activity in this
assay. The most reactive avenanthramides were 2c and 2p
followed by 2f, 2s, and 1c, which were similar in activity. Caffeic
acid had the highest activity of the hydroxycinnamic acids,
followed by ferulic acid > sinapic acid > p-coumaric acid. The
three 1-analogue avenanthramides (1p, 1c, 1f) each had signifi-
cantly lower activities than their 2-analogue counterparts, and the
activities of all 2-analogue avenanthramides were higher than, or
equal to, those of their corresponding hydroxycinnamic acids. All
avenanthramides, except 1p, and all of the hydroxycinnamic
acids, except p-coumaric acid, had significantly higher activities
than ascorbic acid.

FRAPAssay. Table 1 shows the EC1 values for the compounds
tested. The lower the EC1 value, the higher the antioxidant
activity of the compound. All compounds tested, except Trani-
last, demonstrated antioxidant activity in the FRAP assay.
5-Hydroxyanthranilic acid and avenanthramide 2c had the high-
est antioxidant activities within this system, whereas p-coumaric
acid and avenanthramide 1phad by far the lowest activities. All of
the 1-analogue avenanthramides had lower activities than their
corresponding 2-analogue avenanthramides and hydroxycin-
namic acids, with the exception of 1s, which had a higher activity
than 2s. In this system the only avenanthramides that had
significantly higher activities than ascorbic acid were 2p and 2c.

Comet Assay.Results of theComet assays are shown inFigures
3-6. Cells that were not stressed with hydrogen peroxide showed
about 5%damage, and this was not influenced by the addition of

Figure 3. Effects of p-coumaric acid (PA), caffeic acid (CA), ferulic acid
(FA), and sinapic acid (SA) pretreatment on hydrogen peroxide mediated
DNA damage in the colon adenocarcinoma cell line HT-29, assessed by
the Comet assay. Bars aremeans of duplicate analyses(SEM. / and //:
significantly different from 0 μM at P < 0.05 and P < 0.01, respectively.

Table 1. Antioxidant Activities (DPPH and FRAP Assays) and Antigenotoxic
Effects (Comet Assay) of Hydroxycinnamic Acids, 1- and 2-Analogue
Avenanthramides, 5-Hydroxycinnamic Acid, Tranilast, and Ascorbic Acid
(Mean ( SD)

compound

DPPH assaya

(μmol)
FRAP assayb

(EC1, μmol/L)
Comet assayc

(EC50, μmol/L)

p-coumaric acid 1.8( 0.2 e 2419( 12.4 j 2.2( 0.6

caffeic acid 5.6( 0.1 b 362( 0.4 d 2.5 ( 0.1

ferulic acid 3.2 ( 0.2d 423( 1.2 f 1.9( 0.4

sinapic acid 2.7( 0.0 f 334( 3.4 c 3.7( 3.1

avenanthramide 1p 0.0( 0.0 g 2901( 9.3 k 2.4( 0.1

avenanthramide 1c 3.2( 0.2 d 393( 1.7 e 1.5( 0.3

avenanthramide 1f 1.8( 0.0 e 697 ( 0.9 i 1.1( 0.2

avenanthramide 1s NTd 550( 2.0 g NT

avenanthramide 2p 5.7 ( 0.2 ab 343( 12.5 cd 2.6( 0.7

avenanthramide 2c 6.1( 0.3 a 275( 0.1 b 0.9( 0.4

avenanthramide 2f 3.3( 0.1 d 422( 2.2 f 1.6( 0.3

avenanthramide 2s 3.3( 0.2 d 604( 0.9 h 1.3( 0.1

5-hydroxyanthranilic acid 4.9( 0.2 c 234( 0.5 a 1.9( 0.0

Tranilast 0.0( 0.0 g NRe 1.7( 0.1

ascorbic acid 1.7( 0.1 e 412( 0.4 ef 1.6( 0.0

aMicromoles of DPPH reduced per micromole of compound( SD; higher values
denote higher activity. Means followed by the same letter are not significantly
different (P < 0.05). bEC1, concentration of compound having ferric-TPTZ reducing
ability equivalent to 1 mmol/L FeSO4 3 7H2O; lower values denote higher activity.
Means followed by the same letter are not significantly different (P < 0.05). cEC50,
concentration of compound decreasing DNA damage by 50% of the H2O2 control;
lower values denote higher activity. Means followed by the same letter are not
significantly different (P < 0.05). dNT, not tested. eNR, no reaction.

Figure 4. Effects of avenanthramide 1p, 1c, and 1f pretreatment on
hydrogen peroxide mediated DNA damage in the colon adenocarcinoma
cell line HT-29, assessed by the Comet assay. Bars aremeans of duplicate
analyses ( SEM. / and //: significantly different from 0 μM at P < 0.05
and P < 0.01, respectively.
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any test compounds. In H2O2-stressed cells DNA damage was
significantly (P<0.05) lower than in the control for 2c, 2f, 1c 1f,
Tranilast, and ascorbic acid at both concentrations tested, and for
caffeic, ferulic, and 5-hydroxyanthranilic acid at the higher
concentration tested. The EC50 values for each of the compounds
tested are presented in Table 1. The two compounds that proved
the most protective against damage to the HT-29 cells were
avenanthramides 2c and 1f. With the exception of 1p and 2p,
the avenanthramides had a more protective effect than their
corresponding hydroxycinnamic acids and showed a protection
higher than or equal to that of ascorbic acid.

DISCUSSION

A number of methods are available for assessing antioxidant
activity, and these methods vary substantially in terms of com-
plexity, chemistry, and other factors (28-30). Although the
DPPH and FRAP methods used in the present study employ
different chemistries and conditions, both methods measure the
ability of compounds to reduce the oxidant present through their
electron-donating ability (28-30). Thus, it is not surprising that
these two methods gave similar rankings of antioxidant activity
for the compounds tested and that there was a significant over-
all correlation between the results obtained by the two methods
for the avenanthramides and hydroxycinnamic acids (r=-0.74;
P < 0.01, 10 df).

With the exception of 2s, the 2-analogue avenanthramides
showed greater antioxidant activity than the 1-analogues in
both assays. Previous results showed that the 2-analogues had
greater antioxidant activity in the linoleic acid assay, but in
contrast found that the 1- and 2-analogues had similar activities
in the DPPH assay (10 , 31). In the present study, the antioxi-
dant activity of the three major avenanthramides in oats
decreased in the order 2c > 2p > 2f in both the DPPH and
FRAP assays. This confirms the role of 2c as the most potent
antioxidant of the major oat avenanthramides, but is in con-
trast to previous studies in which the activity was found to
decrease in the order 2c>2f>2p in theDPPHassay (10 ,31 ,32)
and the linoleic acid assay (10). The lack of consistency between
studies for the DPPH assay may be due to variations in reac-
tion conditions, such as the timings or concentrations
used (10 , 31 , 32). A study that assessed a range of compounds
using both the FRAP and DPPH assays found that activity
increased in the order ascorbic acid < ferulic acid < caffeic
acid, which is similar to the present results (33).

The Comet assay assesses the effectiveness of compounds to
protect cells from genotoxic damage. Thus, the use of HT-29
human colon adenocarcinoma cells may provide a more phy-
siologically relevant assay than the DPPH and FRAP assays.
Correlations between the results from the DPPH and FRAP
assays and the results from the Comet assay for the avenanthr-
amides and hydroxycinnamic acids were nonsignificant
(DPPH, r=-0.12, ns, 10 df; FRAP, r=0.15, ns, 10 df). This
suggests that the antigenotoxicity observed is not directly
related to antioxidant activity. The lack of a relationship is
exemplified by avenanthramides 2c and 1f, which showed
similar large protective effects in the Comet assay but which
gave divergent responses in the DPPH and FRAP assays.
Nevertheless, the antigenotoxic effects of the three major oat
avenanthramides decreased in the order 2c > 2f> 2p, which is
the same as that observed in previous in vitro antioxidant
assays (10 , 31 , 32). Thus, despite the overall lack of significant
correlations between the Comet assay and the DPPH and
FRAP assays, antioxidant activity may play a role in the
antigenotoxic effects of the avenanthramides. However, Tra-
nilast, which has no hydroxyl groups and was unresponsive in
the DPPH and FRAP assays, showed a significant dose
response in the Comet assay, indicating that protective effects
can be found in the absence of antioxidant activity.

The antioxidant activity of avenanthramides and related
compounds has been related to a range of structural factors
including the number and position of hydroxyl groups and the
presence of amide bonds (10,31). The present results showed that
5-hydroxyanthranilic acid, which is the anthranilic acidmoiety of
the 2-series avenanthramides, had high activity in all three assays.
This adds support to the suggestion that the anthranilic acid
moiety might be as important as the cinnamic acid moiety for the
biological effects exerted by avenanthramides (31).

Other studies with in vitro cell systems have shown that
synthetic avenanthramide 2c can exert potentially beneficial
effects on the development of atherosclerosis by inhibiting the
proliferation of rat and human aortic smooth muscle cells and
human aortic endothelial cells at concentrations ranging from 20
to 220 μmol/L (18, 34). However, in the present study, 2c at a
concentration of only 0.9 μmol/L decreased DNA damage by
50% in stressed HT-29 adenocarcinoma cells.

Data on the absorption, distribution, metabolism, and excre-
tion of avenanthramides are scant. However, a study in which
hamsters were given single doses of a phenol-rich extract of oat
bran showed that avenanthramides 2p and 2f were detectable
in the plasma at a total concentration of 0.7 μmol/L, but apparent

Figure 6. Effects of 5-hydroxyanthranilic acid (5HA), Tranilast (TR),
and ascorbic acid (AA) pretreatment on hydrogen peroxide mediated
DNA damage in the colon adenocarcinoma cell line HT-29, assessed
by the Comet assay. Bars are means of duplicate analyses ( SEM. /
and //: significantly different from 0 μM at P < 0.05 and P < 0.01,
respectively.

Figure 5. Effects of avenanthramide 2p, 2c, 2f, and 2s pretreatment on
hydrogen peroxide mediated DNA damage in the colon adenocarcinoma
cell line HT-29, assessed by the Comet assay. Bars aremeans of duplicate
analyses ( SEM. / and //: significantly different from 0 μM at P < 0.05
and P < 0.01, respectively.
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bioavailability was very low (1.3%) in comparison with simpler
phenolics (35). Although it is not clear if physiologically signi-
ficant plasma concentrations can be obtained from the consump-
tion of oat products, in vivo studies with rats have shown that
incorporating 2c in the diet at 0.1 g/kg favorably affected some
markers of physiological oxidant stress (36).

Furthermore, a bioavailability study in humans with aven-
anthramide-rich mixtures prepared from oats, which included
2p, 2f, and 2c, showed that postprandial plasma levels peaked at
about 2 h, when the total plasma avenanthramide concentra-
tion after the higher dose was ∼0.37 μmol/L (37). This plasma
concentration, obtained postprandially with a relatively high
dose of avenanthramides, was somewhat lower than the lowest
concentration of 2c (0.5 μmol /L) that was effective at decreas-
ing DNA damage in stressed HT-29 cells in vitro in the present
study. However, it is notable that the concentration that was
effective here in vitro was of the same order of magnitude
as that found in plasma in the previous human study (37).
Furthermore, prolonged consumption of oat avenanthramides
may lead to higher concentrations in other body tissues.
For example, concentrations of isoflavonoids in prostatic fluid
have been found to be up to 10 times higher than plasma
concentrations (38).

A range of antioxidants including tocopherols, ascorbic acid,
and phenolics such as ferulic acid have been shown to act
synergistically to decrease oxidative damage in biological systems
(see, e.g., refs 39 and 40). Thus, when oats are consumed, there
may be synergistic interactions in vivo between avenanthr-
amides and other oat antioxidants, such as tocopherols and
tocotrienols, or with other antioxidants, such as ascorbic acid.
This possibility is supported by data from ex vivo and in vitro
studies which showed that ascorbic acid potentiated the antioxi-
dant effects of avenanthramides, leading to decreased oxidation
of LDL-cholesterol (35).

Of the avenanthramides, 2c is usually the most abundant in
oats (9, 41) and 2c also showed the highest antioxidant activities
and demonstrated the strongest protective effects in stressed
adenocarcinoma cells in the present study. Interestingly, in
comparisons with ascorbic acid, avenanthramide 2c showed a
greater antigenotoxic effect in stressed cells, 2c and 2p gave
significantly greater activities in the FRAP assay, and 2c, 2p,
and 2f had antioxidant activities that were substantially greater in
the DPPH assay. Further studies are needed to assess the
metabolism and distribution of avenanthramides in animal
models and to evaluate the effects of longer term intake of oat-
rich diets by humans on biomarkers such as the oxidizability of
LDL-cholesterol and lymphocyte DNA damage. However, over-
all, these results suggest that avenanthramides fromoatsmayplay
a role in the protective effects of whole-grain foods against
chronic diseases.

ABBREVIATIONS USED

FA, ferulic acid; CA, caffeic acid; PA, p-coumaric acid; SA,
sinapic acid; TR, Tranilast; 5HA; 5-hydroxyanthranilic acid; AA,
ascorbic acid; 1c, N-(3,4-dihydroxy-(E)-cinnamoyl)anthranilic
acid; 1f,N-(4-hydroxy-3-methoxy-(E)-cinnamoyl)anthranilic acid;
1p,N-(4-hydroxy-(E)-cinnamoyl)anthranilic acid; 1s,N-(4-hydro-
xy-3, 5-dimethoxy-(E)-cinnamoyl)anthranilic acid; 2c, N-(30,40-
dihydroxy-(E)-cinnamoyl)-5-hydroxyanthranilic acid; 2f, N-(40-
hydroxy-30-methoxy-(E)-cinnamoyl)-5-hydroxyanthranilic acid;
2p, N-(40-hydroxy-(E)-cinnamoyl)-5-hydroxyanthranilic acid; 2s,
N-(40-hydroxy-30,50-dimethoxy-(E)-cinnamoyl)-5-hydroxyanthra-
nilic acid; DPPH, 2,2-diphenyl-1-picrylhydrazyl; FRAP, ferric
reducing antioxidant potential; TPTZ, tripyridyltriazine.
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