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Total reactive antioxidant potential (TRAP) of resinous
exudates from Heliotropium species was evaluated by
measuring the bleaching of stable free radicals. The
antioxidant capacity of the resinous exudates in Trolox
equivalents, evaluated from the bleaching of ABTS
derived radical cations, ranged from 2.0M (H. huas-
coense) to 5.2 M (H. stenophyllum), indicating a very high
concentration of phenolic compounds. Considerably
smaller values were obtained by measuring the bleach-
ing of DPPH radicals. The ratio between the values
obtained employing ABTS derived radicals and DPPH,
ranged from 37 (H. megalanthum) to 4.5 (H. chenopodia-
ceum variety typica). The magnitude of the difference
can be considered as an indication of the relative
reactivity of the antioxidants present in the exudates.
Similar ratios were observed when stoichiometric
coefficients were evaluated for representative purified
flavonoids obtained from the resinous exudates.
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INTRODUCTION

In search of an explanation of the role of resinous
exudates, it has been proposed that they could
constitute the first stage of protection against
predators. This protection could be due both to a
mechanical effect, associated with a sticky char-
acter which causes them to retain predators,'!and
to a chemical protection due to the presence of
secondary metabolites with antimicrobial, anti-
oxidant and cytotoxic properties.m On the other
hand, the predominant occurrence of resinous
exudates in plants growing in arid and semi-arid
regions has been explained in terms of the extreme
conditions of the environment®' and, in particu-
lar, to the increased oxidative stress imposed
upon them."! Also, it has been proposed that the
presence of antioxidants in the exudates could
prevent the oxidative degradation of other com-
ponents of the resin that could lead to the loss of
their physicochemical properties.m
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All the above proposed explanations empha-
size the role that the presence of antioxidants
could play in the resinous exudates. However,
few studies have been carried out regarding the
total antioxidants in exudates and the antioxidant
capacity of their components. Among the proce-
dures employed to evaluate the antioxidant
capacity of pure compounds and/or complex
extracts are those based on measurements of the
consumption of stable free radicals. These meth-
odologies assume that the consumption of the
stable free radical (X%) will be determined by
reactions such as

X* 4+ YH—XH+Y* (1)

where YH is the additive and/or any antioxidant
present in the added extract. The rate'®®! and /or
the extent of the process,””"”! measured by the
decrease in X* concentration, would be related to
the ability of the added compounds to trap free
radicals. In the present communication we have
applied this approach, employing 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and the radical cation
derived from 2,2'-azinobis (3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS) as stable free radicals,
to resinous exudates and purified flavonoids
obtained from several species of the genus
Heliotropium. These measurements provide an
estimate of the total antioxidant potential (TRAP)
of the exudates.[**161]

MATERIALS AND METHODS

Resinous Exudates Extraction and
Flavonoids Isolation

Samples were collected during the flowering
season (October 1993). The species H, huascoense,
H. megalanthum, H. sinuatum, H. fili-folium,
H. chenopodiaceum v. ericoideum and H. cheno-
podiaceum v. typica were collected in Vallenar,
Huasco and Carrizal Bajo (Il region, Chile).
H. stenophyllum was collected in Los Vilos (IV

region, Chile). Voucher specimens of H. filifolium
and H. chenopodiaceum ericoideurn were deposited
in the herbarium of the Biological Sciences
Department of the Catholic University of Chile,
Santiago, Chile (ST 2214 and ST 2229). The other
specimens were deposited in the herbarium of
Prof. Sebastidn Teillier at the Natural History
Museum, Santiago, Chile.

Resinous exudates were extracted by immers-
ing the fresh plant between 15 and 20s in
dichloromethane.” The flavonoids were isolated
by preparative column chromatography. The
structures (1-8) (Figure 1) were determined by
comparison of their spectral data (mass spectra,
'H and ">C NMR and UV) with those of authentic
samples.”®!

Antioxidant Activities Determined by the
Reaction with DPPH

Solutions of the resinous exudates and the pur-
ified flavonoids were prepared in ethanol at a
concentration of 1 mg/mL. An aliquot of these
solutions was added to a ethanolic solution of
DPPH (1.29 mM). Changes in the absorbance of
the solution, elicited by the addition of the
solution containing the antioxidants, were mea-
sured at 517 nm as a function of the elapsed time
employing a Shimadzu UV-160 spectrofotometer.

1 Ri=Re=OH Ro=Ry=H

2 Ry=OH Rp=OCH; Rs=R¢=H
3 Ri=0CH3 R,=H R3=R4s=CH 4 Ri=R¢=OH R,=R3=0CH3
6 Ry=OH Ry=OAC R3=R,~H 5 Ri=R;=R;=0CH3 Re=OH
7 Ry=OH Ry=R;=Rs=H

8 Ri=Ry=OH R;=H R(=OCH;

FIGURE 1 Structures of flavonoids isolated from resinous
exudate from Heliotropium.
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Antioxidant Activities Determined
Employing the ABTS Derived
Radical Cation

The procedure employed was similar to that
described by Campos and Lissi." ABTS derived
radical cations were prepared by incubation of a
phosphate buffer solution (50 mM, pH 7.4) con-
taining ABTS (75mM) and 2,2’-azobis(2-amidi-
nopropane) (2 mM) at 45°C until an absorbance of
ca. 0.5 at 734 nm was obtained. The solution was
then cooled to room temperature, where the
absorbance due to the ABTS derived radical
cations remains unchanged up to more than 1 h.
Aliquots of the ethanolic solution comprising the
antioxidants were added to this solution. The
decrease in the absorbance of the sample, result-
ing from the consumption of the pre-formed
ABTS derived radical cations, was followed as a
function of the elapsed time. Similar results were
obtained when ABTS radicals were produced by
other oxidation procedures (such as incubation
with persulphate or MnO5).

RESULTS AND DISCUSSION

Purified Flavonoids

Addition of purified flavonoids or whole resinous
exudates to DPPH or ABTS radical cation solu-
tions elicited a progressive decrease in the con-
centration of the free radicals, that can be followed
by their absorbances at 734 nm (ABTS) or 517 nm
(DPPH). Typical profiles are shown in Figures 2
and 3. The process can be characterized both by its
stoichiometry (measured at a given time) and by
the initial rate of the process.">'>!®! Campos and
Lissi have shown that bleaching of ABTS radical
cations elicited by phenols is almost unrelated to
the expected reactivity of the compounds towards
free radicals."¥ Similarly, the reaction of DPPH
with phenols is complex and involves several
reversible reactions rendering difficult an inter-
pretation of reaction rates in these systems.[62121
Furthermore, for highly reactive substances the
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FIGURE 2 Profiles of the decrease in the concentration of
the free radicals by addition of 5,7 4'-trihydroxyflavone 6)
(0 and resinous exudate from H. sinuatum (o) to ABTS
radical cation solution.
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FIGURE 3 Profiles of the decrease in concentration of the
free radicals by an addition of 5,74'-trihydroxyflavanone
(6) () and resinous exudate from H. sinuatum (e) to DPPH
radical cation solution.

process takes place almost instantaneously (less
than 10s) and rate constants cannot be evaluated
without employing stopped-flow devices. The
following discussion will be carried out in terms
of stoichiometric factors. These factors are defined
as the number of free radicals consumed per
molecule of additive, measured after an arbitra-
rily selected time such that the rate of the process
had become negligible. This time was taken as
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30min for ABTS and 1 h for DPPH. The stoichio-
metric coefficients (1) so obtained for several
simple phenols are collected in Table I. The data
presented in Table I for monophenol show that,
while 7 values for ABTS range between one and
two, the values obtained employing DPPH range
from 0.012 (phenol) to 1.7 (a-tocopherol). Campos
and Lissi have interpreted # values for ABTS in
terms of the secondary reactions of the phenoxy
radicals produced in reaction (1).'* The fact that
n values are close to one indicate that this pro-
cess goes almost to completion. On the other
hand, the low values of n obtained employing

TABLE I Stoichiometric coefficients for the reaction of
DPPH free radicals and ABTS radical cations with simple
phenols

Phenol DPPH ABTS*
Phenol 0.012 1.0
4-ethylphenol 0.027 2.0
4-tertbutylphenol 0.08 2.0
2,4,6-triterbutylphenol 0.20 —
2,6-ditertbutyl-4-methylphenol 0.60 2.0
a-tocopherol 17

Propygallate 3.65

Trolox 1.0

*Data from Campos and Lissi, 1996.

DPPH must be interpreted in terms of the
reversibility of the reactions involving phenoxy
and DPPH free radicals.!®*>??! An interesting
feature of these data is that there exist a fair
correlation between the stoichiometric factor and
the reactivity of the phenol.!™® This is stressed by
the data given in Table I that indicate that
substitution of the phenol increases the stoichio-
metric coefficient in parallel to the expected
increase in reactivity.

The data obtained employing the purified
flavonoids are presented in Table II. Similar
values have been reported by Salah et al.'® for a
series of closely related flavonols such as querce-
tin, rutin and dihydroquercetin. However, in our
data the effect of C2-C3 double bond and/or
methylation of phenolic group in C3 were not so
important. The values of n obtained employing
ABTS, after taking into account the number of
phenolic groups, lay predominantly between one
and two. In fact, for all the compounds consid-
ered, the average number of ABTS radical cations
bleached per phenolic group is 1.8:£0.4. The
small range of n values obtained for the present
compounds allowed an evaluation of the total
charge of phenol groups in complex mixtures,
such as the resinous exudates. On the other hand,

TABLE II Stoichiometric coefficients for the reaction of ABTS radical cations and DPPH free

radicals with flavonoids

Compound Number of phenolic groups ABTS DPPH R

1 3) 43(1.4)+0.10 0.03 +0.002 143
2 2) 3.4(1.7)£0.10 05+0 6.8
3 3) 4.8(1.6):£0.13 1.4+04 34
4 3) 6.6(2.2)£0.10 1.0+0.21 6.6
5 2) 5.0(2.5)£0.10 0.04 +£0.004 125
6 (2) 32(1.6)£0.25 0.02 £0.002 160
7 2) 2.6(1.3)£0.10 0.015+0 170
8 3 63(2.1D)+£0.16 0.05+0.007 126
VitE 1 1.7

Trolox 1) 1.0

Quercetin (5) 472 +0.10*

Rutin @ 24240121

Dihydroquercetin (5 1.88+0.03*

*The data between parenthesis correspond to the number of radicals consumed per phenol group.
T Ratio between the values calculated employing ABTS and DPPH.

¥Data from Salah.!'”
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stoichiometric coefficients evaluated by the
DPPH procedure covered a considerably larger
range, from 0.015 to 1.4. In this case, evaluation of
the bleaching capacity of a complex mixture will
not provide an estimate of the total amount of
reactive phenolic groups. However, a comparison
of the values obtained employing ABTS and
DPPH could provide an insight regarding the
average reactivity of the compounds present in
the mixture. This approach was then employed in
order to evaluate the total content of reactive
groups (from ABTS values) and their average
reactivity in the resinous exudates (from the
response between both methodologies).

Antioxidant Capacity of the
Resinous Exudates

The TRAP in the resinous exudates was obtained
by monitoring their capacity to bleach ABTS
and DPPH radicals. The equivalent antioxidant
potential was obtained, in terms of TROLOX
equivalents, with the formula

XABTS = f AAsamp]e / AATroIt.\x

where f is a dilution factor equal to the ratio
between the volume of free radical solution in
the reaction cell and the exudate aliquot, AAgmpte
is the decrease in ABTS absorbance produced
by the sample aliquot incorporation, and AAryqlox

is the decrease in absorbance elicited by a 1 mM
Trolox concentration. A similar formula was
employed in order to obtain the antioxidant
capacity (in o-tocopherol equivalents) of the
exudate (Xpppy) from the decrease elicited by its
addition to a DPPH solution. The levels of
antioxidants in the resinous exudates, evaluated
by those procedures, are given in Table III. As
expected, the values obtained employing ABTS
are considerably larger than those evaluated by
the DPPH procedure. The ratios between both
parameters, that can be considered as a measure
of average reactivity of the phenols present in
resinous exudates, are also included in this table.

There exists only a rather weak correlation
(r=0.79, Figure 4) between the charges of anti-
oxidants evaluated by the ABTS and DPPH
procedures. The poor correlation observed can
be attributed to different average reactivities of
the compounds present in the different resinous
exudates, as shown by the wide range of R values
shown in Table III. This assumption implies that
the evaluation of total antioxidant charge in
complex mixtures is extremely dependent upon
the procedure employed, and that care must be
excercised in the interpretation of the results. In
particular, an analysis of the data given in Table III
indicated that, while the largest concentration of
antioxidants is present in H. stenophyllum, the
highest average reactivity corresponds to the
antioxidants present in H. chenopodiaceum typica.

TABLE HI Concentration of Antioxidants present in the resinous exudates evalu-

ated by the ABTS and DPPH procedures

Resinous exudates Xaprs () M Trolox XpppuM a-tocopherol R(H
H. stenophyllum 52(29)£0.10 0860 3.56
H. huascoense 20(1.1)+0.10 0.058 +£0.01 18.24
H. megalanthum 31(1.7)£0.20 0.084 £ 0.001 21.76
H. sinuatum 28(1.6)£0.17 0.19 +£0.01 8.82
H. filifolium 2.4(1.3)£0.07 0.28+0.02 5.06
H. chenop. ericoideum 2.8(1.6)£0.20 048+0 341
H. chenop. typica 33(1.8)£0.18 0.73£0.01 2.65

* Values in parenthesis correspond to the concentration of phenolic groups in the resinous
exudates, evaluated by considering an average stoichiometric factor of 1.8.

'R =Magrs/Morea.
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FIGURE 4 Correlation between the levels of antioxidants
evaluated by DPPH in a-tocopherol M equivalent and ABTS
in Trolox M equivalent procedures from resinous exudates.

It is interesting to note that reactivity ratios
obtained in the resinous exudates fell in the range
of those measured for the purified flavonoids.
This is the expected result for a mixture of
compounds of different reactivity. In any case,
the large amount of antioxidants present in
resinous exudates is remarkable, reaching values
in the molar range. In fact, if the average value
of 1.8 ABTS radicals scavenged by each phenolic
group in the flavonoids is considered, the data
of Table III indicate that the molar concentration
of phenolic groups in the resinous exudates
ranged from 1.3M in H. filifolium to 29M in
H. stenophyllum.

The data obtained employing DPPH as stable
free radical are different from those obtained
employing ABTS derived free radicals. This
difference can be related to the reversibility of
the reaction between phenolic compounds and
DPPH.'®?%2 These results are interesting since
it has been shown in several systems that appar-
ent stoichiometric coefficients in these reac-
tions are related to the phenol reactivity
towards free radicals and to their antioxidant
capacity. 510111323241

All flavonoids tested in the present work
react at intermediate rates® and present
apparent stoichiometric coefficients, on a pheno-
lic group basis, considerably smaller than one.

This decreased reactivity could be related to the
lack of free hydroxyl groups at C3 position and
the presence of a carbonyl group at C4, factors
that reduce the reactivity of flavonoids towards
DPPH radicals.””® The compounds tested show
widely different reactivities, ranging from 0.03
DPPH radicals consumed per additive molecule
(5,7,4'-trihydroxyflavanone (1) to 1.4 radicals per
additive (5,3',4'-trihydroxy-7-methoxyflavanone
(3)). The high reactivity of the latter compound
can be explained in terms of the presence of two
hydroxyl groups in the B ring, a feature that
increases the flavonoid reactivity.?>*! Other
factors, such as the presence of unsaturation at
C2—C3 bond could also strongly influence the
reactivity of the compounds. Saturation at this
bond would decrease the planarity of the pro-
duced phenoxyl radical, with a concomitant
reduction in the reactivity of the parent phenol.
This could explain the lower reactivity of 5,7,3'-
trihydroxy-4'-methoxyflavanone. This type of
effect has been previously reported in a compara-
tive study of the antioxidant capacities of querce-
tin and taxifolin.®! Similarly, it is interesting to
note that the reactivity of 5,74 -trihydroxy-3,3'-
dimethoxyflavanone (4) is larger than that of
5,4-dihydroxy-3,7,3 -trimethoxyflavanone  (5),
showing that methylation at C7 reduces the
scavenging ability of the compound. A similar
result has been previously reported in a study of
the antioxidant capacity of flavonoids in non-
enzymatic lipoperoxidation.'*”!

In conclusion, we have shown that resinous
exudates have very high concentrations of anti-
oxidants. Furthermore, a comparison of the
reactivity of these exudates with ABTS derived
radicals and DPPH radicals allows an estimation
of the average reactivity of the antioxidants
present in the resinous exudate.
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