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The oxygen radical absorbance capacity (ORAC) methodology has been employed to estimate the antiox-
idant capacity of human blood plasma and human urine using pyrogallol red (ORAC-PGR) as target mol-
ecule. Uric acid, reduced glutathione, human serum albumin, and ascorbic acid (ASC) inhibited the
consumption of pyrogallol red, but only ASC generated an induction time. Human blood plasma and
human urine protected efficiently pyrogallol red. In these assays, both biological fluids generated neat
induction times that were removed by ascorbate oxidase. From these results, ORAC-PGR method could
be proposed as a simple alternative to evaluate an ORAC index and, simultaneously, to estimate the con-
centration of ascorbic acid in human blood plasma or human urine.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Today there is strong evidence that free radical damage is impli-
cated in aging, and in the pathological conditions of a number of
diseases, such as atherosclerosis, cancer, and rheumatoid arthri-
tis.!"® Our defences against the free radical damage are the antiox-
idants synthesized in our body and the antioxidants consumed in
our diet.! To establish the relevance of the human diet in the devel-
opment of oxidative stress conditions, different studies have been
aimed to estimate—using different methods—the antioxidant
capacity of human blood plasma.””!! Among the methodologies
used, the ORAC assay (oxygen radical absorbance capacity) has
been widely employed to evaluate the changes of the antioxidant
capacity of human blood plasma during a rich diet in antioxi-
dants.'2"17

The ORAC assay was originally proposed by Cao et al. using B-
phycoerythrin as target molecule.!® Afterwards, other molecules,
such as C-phycocyanin, were employed as targets.'® At present,
fluorescein is the target molecule most used in ORAC methodolo-
gies (ORAC-FL).?° This methodology has been applied to a large
variety of pure compounds, infusions, foods and biological sam-
ples.?! Nevertheless, we have shown that ORAC-FL for single anti-
oxidants and/or complex mixtures including very reactive
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compounds is estimated generally from kinetics profiles showing
a neat induction time. Then, ORAC-FL values would be more re-
lated to stoichiometric factors than the efficiency of the antioxi-
dants.?? Recently, we have proposed that ORAC values obtained
employing pyrogallol red as probe (ORAC-PGR) would be more re-
lated to the reactivity of the additives towards peroxyl radicals,
than to the stoichiometry of the reaction.??-24 Pyrogallol red does
not produce induction times, even with very reactive polyphenols.
In particular, ascorbic acid was the only antioxidant, among the
tested compounds, that generated a clear induction time.?3

ORAC-PGR has been applied to tea infusions,?®> and wines.?>?* In
all cases, protection by the additives takes place without observa-
ble induction times. However, in rich ascorbic acid samples such as
raspberry, a neat induction time related exclusively to the presence
of ascorbic acid has been observed.?® This lag time was used to
estimate the ascorbic acid concentration, and the results were sim-
ilar to those determined by HPLC (high performance liquid chro-
matography).?® From these results, we have suggested that
ORAC-PGR methodology could be considered as a simple proce-
dure to estimate ascorbic acid and the ORAC index (ORAC-PGR)
of ascorbic acid rich samples.?®

Most methodologies employed to estimate the antioxidant po-
tential of biological fluids lump together different types of com-
pounds,?”?® including uric acid, albumins, polyphenols and
ascorbic acid. Furthermore, the relative contribution of each type
of compound is notably influenced by the chosen methodology.?®
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Therefore, it is important to develop methodologies able to dis-
criminate among the different categories of antioxidants present
in biological samples. In the present work we applied ORAC-PGR
method to human blood plasma and human urine samples. We
show that the use of pyrogallol red as probe allows to evaluate
an antioxidant capacity index (ORAC-PGR), and to estimate the
ascorbic acid concentration and its contribution to the ORAC index.
Interestingly, the evaluation of ascorbic acid by ORAC-PGR method
is not affected by the presence of human serum albumin, uric acid,
and reduced glutathione.

2. Results and discussion

2.1. Protection of pyrogallol red by reduced glutathione (GSH),
ascorbic acid (ASC), uric acid (UA), and human serum albumin
(HSA)

Figure 1 shows the protection of pyrogallol red (PGR) by UA,
GSH, and HSA. As can be seen in this figure, all additives inhibited
the consumption of PGR without an induction time. Interestingly,
high concentrations of HSA and UA were necessaries to protect
PGR (Fig. 1A). The protection given by the additives was dose-
dependent, as shown in Figure 1B for HSA. When ASC was added
to a solution containing PGR plus 2,2’-Azo-bis(2-amidinopropane)
dihydrochloride (AAPH) a clear induction time was observed
(Fig. 2).26 The generation of this induction time implies that ASC
inhibited the consumption of PGR more efficiently than UA, GSH,
and HSA. The inset of Figure 2 shows the dependence of the induc-
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Figure 1. Kinetic profiles of AAPH mediated pyrogallol red consumption in
presence of uric acid (UA), reduced glutathione (GSH), and human serum albumin
(HSA). Pyrogallol red (5 uM) was incubated in presence of AAPH (10 mM) and the
additives in phosphate buffer (75 mM, pH 7.4) at 37 °C. (A) Protection of pyrogallol
red by UA (1 mM, OJ), HSA (100 uM, <), and GSH (10 pM, O). (B) Protection of
pyrogallol red by HSA at: 25 pM (O); 75 uM (<); 150 pM (V). Control experiments
(without additives, @).
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Figure 2. Effect of ascorbic acid on pyrogallol red consumption induced by AAPH.
Pyrogallol red (5 pM) was incubated in presence of AAPH (10 mM), and different
ascorbic acid concentrations in phosphate buffer (75 mM, pH 7.4) at 37 °C. Control
(®); ascorbic acid: 2.5 pM (O); 5 uM (A); 10 uM (<); 15 pM (O); 20 uM (V). Data
taken from Ref. 26. Inset: plot of the induction time versus ascorbic acid
concentration.

Table 1
ORAC-pyrogallol red (ORAC-PGR) values of pure compounds
ORAC-FL ORAC-PGR
ASC 0.95 +0.02? 9.7 +0.7%4
0.3°
UA 0.72° 0.02 +0.01
GSH 0.62 +0.02° 5.6 £04°
HSA 9.5 +0.9¢ 0.34 +0.01

¢ Taken from Ref. 20.

b Taken from Ref. 36.

¢ Unpublished result.

94 Value obtained with ASC =5 pM.
€ Value obtained with GSH = 10 pM.

tion time with ascorbic acid concentration (data taken from Ref.
26). The induction time was not lineal with a noticeable downward
curvature. This behavior has been interpreted in terms of changes
in the reaction stoichiometry and/or the presence of a small chain
consumption of the additive.?53° From the data presented in Fig-
ures 1 and 2 were obtained ORAC-PGR values of the additives (Ta-
ble 1). ORAC-PGR index of ASC was nearly 1.7 and 485 times higher
than GSH and UA, respectively. The order in ORAC-PGR values of
the additives was:

ASC > GSH >> HSA > UA

In Table 1 we have included ORAC values obtained employing
fluorescein as target molecule. It is noticeable the different hierar-
chy of the tested antioxidants. In particular, it is remarkable the
low efficiency of ASC and the high efficiency of HSA when fluores-
cein is employed as target molecule. Considering that fluorescein
was highly protected by HSA (Table 1), the ORAC-FL value of hu-
man blood plasma would be mostly related to the presence of
HSA in the sample. In this context, Otaolaurruchi et al.'® have re-
cently described a good correlation between ORAC-FL values and
thiol concentration in human blood plasma after wine
consumption.
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The results obtained by the ORAC-PGR methodology (Table 1)
would imply that an ORAC index of a mixture of additives such
as UA, GSH, ASC, and HSA, would be highly influenced by ASC. To
test this assumption we used a solution containing GSH, UA, ASC,
and HSA, named ‘simulated human blood plasma’. This simulated
human plasma was added to a PGR-AAPH solution and incubated
at 37 °C. Figure 3 shows the effect of the addition of simulated hu-
man blood plasma on the consumption of PGR induced by peroxyl
radicals. As can be seen in this figure, the addition of simulated hu-
man blood plasma generated a neat lag time in the Kinetic profiles
of PGR consumption. This lag time (inset of Fig. 3) is determined by
the ascorbic acid concentration, and correlates with the induction
time estimated from the data of Figure 2. Pre-treatment of simu-
lated human blood plasma with ascorbate oxidase completely re-
moves the induction time, without affecting the slope of PGR
consumption after the lag time. The ORAC-PGR value of simulated
blood human plasma was 0.66 mM Trolox equivalents, (Table 2).

2.2. Inhibition of pyrogallol red consumption by human blood
plasma and human urine

The consumption of PGR (Fig. 4) induced by peroxyl radicals
was inhibited by the presence of human blood plasma and human
urine. The addition of these biological fluids generated a neat
induction time that was removed completely by ascorbate oxidase,
but was not changed by uricase (data not shown). Then, the pres-
ence of these induction times is related exclusively to the presence
of ASC in the samples. From these lag times, an ascorbic acid con-
centration of 21 uM, and 60 uM were estimated for the employed
human blood plasma and human urine samples, respectively.
These values are inside the physiological range.3!-3?

From the kinetic profiles showed in Figure 4, ORAC-PGR values
of 0.53, and 3.2 mM Trolox equivalents were estimated for human
blood plasma, and human urine, respectively. These results are
shown in Table 2. As can be seen in this table, 40%, 53%, and 75%
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Figure 3. Kinetic profiles of AAPH mediated pyrogallol red consumption in
presence of ‘simulated human blood plasma’. Pyrogallol red (5 uM) was incubated
in presence of AAPH (10 mM), and ‘simulated human blood plasma’ (with ASC
5 uM) in phosphate buffer (75 mM, pH 7.4) at 37 °C. In presence of simulated
human blood plasma (O). In presence of simulated human blood plasma pre-
incubated with ascorbate oxidase (0.09 U/mL) (<). Control experiment (®). Inset:
dependence of induction time with added ascorbic acid concentration. Pure
ascorbic acid (data taken from Ref 26, ®). In presence of simulated human blood
plasma (O).

Table 2
ORAC-pyrogallol red (ORAC-PGR) values of human blood plasma, and human urine,
expressed as milimolar Trolox equivalents

ORAC-PGR*® ASC contribution to
ORAC-PGR® (%)
Simulated human blood plasma 0.66 + 0.05¢ 40
Human blood plasma 0.51 £ 0.08 53
Human urine 3.2+0.1 75

? Values represent the concentration (mM) of a Trolox solution that produces the
same effect than the tested sample.

b percentage of ascorbic acid contribution to ORAC-PGR values.

¢ ORAC-PGR value estimated for simulated human blood plasma with ASC at
2.5 uM concentration.
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Figure 4. Effect of human blood plasma and human urine on pyrogallol red
consumption induced by peroxyl radicals. Pyrogallol red (5 pM) was incubated in
presence of AAPH (10 mM), and the biological fluids in phosphate buffer (75 mM,
pH 7.4) at 37 °C. (A) Human blood plasma (100 pL/mL) (O); human blood plasma
(100 pL/mL) pre-incubated with ascorbate oxidase (0.09 U/mL) (<); Control (@®). (B)
Human urine (50 pL/mL) (O); human urine (50 pL/mL) pre-incubated with ascor-
bate oxidase (0.09 U/mL) (<). Control (®).

of the ORAC-PGR value of simulated blood human plasma, human
plasma, and human urine can be ascribed to the presence of ascor-
bic acid in the samples. The ASC contribution to the ORAC value of
the tested sample is considerably larger than that reported
employing a FRAP methodology (15%).3% This difference can be
attributed to the large ASC value when PGR is employed as target
molecule (Table 1) and emphasizes the dominant role of this com-
pound when ORAC-PGR values are estimated in ASC containing
complex samples. This large ascorbic acid contribution contrasts
with results obtained employing fluorescein as target molecule
since ORAC-FL values of blood plasma and urine are almost unaf-
fected by pre-incubation of the samples with ascorbate oxidase
(data not shown).
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Figure 5. Protective effect of aged human blood plasma and human urine in
presence of ascorbic acid concentration on the pyrogallol red consumption.
Pyrogallol red (5uM) was incubated with AAPH (10 mM) phosphate buffer
(75 mM, pH 7.4) at 37 °C. (A) In presence of aged human blood plasma (100 pL/
mL) (O); in presence of aged human blood plasma (100 pL/mL) and ascorbic acid at
the following concentrations: 2.5 uM (A); 5uM (<); 7.5 uM (V); 10 uM (O).
Control (@). (B) In presence of human urine, 25 pL/mL (<); in presence of human
urine (25 pL/mL) plus ascorbic acid at the following concentrations: 5 pM (O);
10 uM (O). Control (@).

The addition of ascorbic acid to a human blood plasma previ-
ously stored at —20 °C (aged human blood plasma, devoid of ascor-
bic acid) or human urine generates and induction time that
correlates with the added amount. These data are given in Figure
5. The induction times generated agree with those expected from
the added ascorbic acid concentration, implying that the sample
matrix does not affect the estimation of ascorbic acid. This is par-
ticularly relevant regarding the lack of albumin effect, given the
dominance of this compound in determining ORAC indexes evalu-
ated employing fluorescein as target molecule.

The use of a PGR based ORAC methodology applied to biological
fluids presents several advantages: use of absorption spectros-
copy,?>23 ORAC contributions proportional to the reactivity of the
different compounds?? and the possibility of estimating total anti-
oxidant potential and the contribution of ascorbic acid in a single
assay. All these characteristics, makes ORAC-PGR methodology a
valuable complement to other techniques currently employed to
estimate the antioxidant capacity of complex biological mixtures.

3. Conclusions

The results above presented strongly support the proposal that
the induction times observed in the protection of pyrogallol red
can be employed to estimate the amount of ascorbic acid present
in the tested sample. Furthermore, they imply that ORAC-PGR val-
ues calculated by integration of decay curves after the induction
time can be considered as a measure of the amount of other anti-

oxidants. Therefore, ORAC-PGR methodology could be considered
as a simple procedure to evaluate an antioxidant capacity index,
and to estimate the concentration of ascorbic acid present in hu-
man blood plasma and human urine samples.

4. Materials and methods
4.1. Chemicals

2,2'-Azo-bis(2-amidinopropane) dihydrochloride (AAPH), was
used as peroxyl radical source.>* Pyrogallol red (PGR), Trolox (6-
hydroxy-2,5,8-tetramethyl chroman-2-carboxylic acid), AAPH,
ascorbic acid (ASC), reduced glutathione (GSH), uric acid (UA), hu-
man serum albumin (HSA, fatty acid free), and ascorbate oxidase
were purchased from Sigma-Aldrich (St. Louis, MO). All com-
pounds were employed as received.

4.2. Human blood plasma samples

Human blood plasma was obtained from fresh heparinized blood.
Fresh blood was centrifuged at 3000 rpm for 15 min, and the super-
natant was analyzed immediately. Undiluted aliquots of human
blood plasma were added directly in the ORAC-PGR assays.In some
experiments aged human blood plasma (devoid of ascorbic acid)
and simulated human plasma were used. Aged human blood plasma
corresponds to human blood plasma stored at —20 °C for three
months. Before the assays, aged human blood plasma was kept at
room temperature for 30 min. Simulated human blood plasma cor-
responds to a mixture of GSH (6 uM), UA (360 uM), ASC (10-
100 uM),and HSA (750 uM). Simulated human blood plasma was as-
sayed identically to fresh human blood plasma.

4.3. Human urine samples

Human urine was collected and used immediately. For ORAC-
PGR assays, human urine samples were used without previous
dilution.

4.4. Solutions

Stock solutions of PGR, UA, GSH, and HSA were prepared daily in
phosphate buffer 75 mM, pH 7.4. A reaction mixture containing
AAPH (10 mM), PGR (5 uM) with or without the tested sample
was incubated in phosphate buffer (75 mM, pH 7.4) at 37 °C. PGR
consumption was evaluated from the progressive absorbance de-
crease measured at 540 nm in the thermostatized cuvette of either
a Hewlett Packard 8453 (Palo Alto, CA, USA) or a Unicam Helios-o
(Cambridge, England) UV-visible spectrophotometer.

4.5. ORAC determinations

The consumption PGR, associated to its incubation in presence
of AAPH, was estimated from absorbance (A) measurements. Inte-
gration of the area under the curve (AUC) was performed up to a
time such that (A/Ap) reached a value of 0.2 or 0.4. These areas
were employed to obtain ORAC values, according to Egs. 1 and 2,
for fluids and pure compounds, respectively:

AUC — AUC°
ORAC — ﬁ f[Trolox] (1)
Trolox —
0
ORAC — (AUC,, — AUC")  [Trolox] 2)

(AUCryol0x — AUCO) [additive]

where AUC = area under curve in presence of the tested fluid sam-
ple, integrated between time zero and that corresponding to 60%
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or 80% of the probe consumption; AUC,4 = area under curve in pres-
ence of the additives, integrated between time zero and that corre-
sponding to 60% or 80% of the probe consumption; AUC? = area
under curve for the control (target molecule plus AAPH solution);
AUCro10x = area under curve for Trolox; f=Dilution factor, equal
to the ratio between the total volume of the working solution (tar-
get molecule plus AAPH plus the sample aliquot) and the added
sample volume. [Trolox]=Trolox molar concentration; [addi-
tive] = Additive molar concentration.
All experiments were carried out in triplicate.

4.6. Ascorbic acid determination

Stock solutions of ascorbic acid at 1 mM concentration were
prepared daily in ethanol. Working solutions of ascorbic acid were
prepared diluting a stock solution in phosphate buffer, 75 mM, pH
7.4. The final concentration was estimated using a molar absorptiv-
ity of 13,800 M~ cm™! at 270 nm.>®> Ascorbic acid was directly
added to solutions containing PGR plus AAPH with or without pure
compounds or biological samples (human blood plasma, and hu-
man urine). The induction times generated by ascorbic acid were
defined as the time at which intercept the straight lines drawn to
data corresponding to the slow and fastest consumption rates. This
criterion is somehow arbitrary but it was chosen for its simplic-
ity.2” In some experiments, solutions containing an aliquot of hu-
man blood plasma sample, simulated human blood plasma, or
human urine were pre-incubated with ascorbate oxidase. Briefly,
ascorbate oxidase was reconstituted with phosphate buffer
4 mM, pH 6.5 (2 mL). The activity was estimated by both UV-visi-
ble spectrophotometry, and reflectometry (RQflex 10, Merck). A
mixture of ascorbate oxidase (final concentration =0.09 U/mL),
the sample and/or ascorbic acid in buffer phosphate was incubated
at room temperature during 40 min. After this pre-incubation, the
solution was thermostatized at 37 °C, and PGR and AAPH were
added. The course of the reaction was followed by UV-visible spec-
troscopy at 540 nm, respectively.
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