
Measurement of total antioxidant capacity

The accurate assessment of oxidative stress in biological
systems is a problem for all investigators working on the
role of free radical damage in disease. Numerous assays
have been described to measure various free radical
damage products or antioxidant status, and the plethora of
available techniques attests to the fact that no ideal method
is available. The concept of a single test that might reflect
total antioxidant capacity (TAC) is an attractive one, and in
this issue Koracevic et al describe one such test.1 Low total
antioxidant capacity could be indicative of oxidative stress
or increased susceptibility to oxidative damage.

The idea of a single measurement of total antioxidant
capacity is not a new one. Wayner et al in 1985 described
the total radical trapping parameter (TRAP) assay, based
on the generation of peroxyl radicals from 2,2'-azobis
(2-amidinopropane) dihydrochloride (AAPH).2 After add-
ing AAPH to a biological fluid, oxidation reactions were
monitored by measuring oxygen consumption using an
oxygen electrode. The initial lag phase before increased
oxygen consumption was proportional to the antioxidant
capacity of the sample, and the assay was standardised
against known concentrations of the water soluble vitamin
E analogue Trolox. The TRAP assay was cumbersome,
with a very limited sample throughput. However, since
then more than a dozen assays have been published, which
have considerably simplified the measurement of total
antioxidant capacity.3 Some of these methods are commer-
cially available, so this technique is now available to almost
any routine or research laboratory.

Paradoxically, TAC assays do not measure total antioxi-
dant capacity. In general, they measure predominantly the
low molecular weight, chain breaking antioxidants, exclud-
ing the contribution of antioxidant enzymes and metal
binding proteins. Biological fluids contain numerous com-
pounds with chain breaking antioxidant activity, including
urate, ascorbate, bilirubin, and thiols in the aqueous phase
and á-tocopherol, carotenoids, and flavonoids in the lipid
phase. A comprehensive assessment of oxidative stress
would include the measurement of all of these antioxi-
dants, although this would be time consuming, expensive,
and in some cases technically diYcult. In addition, numer-
ous other compounds not normally measured as antioxi-
dants have some chain breaking antioxidant activity. The
combined activity of all of these will be assessed in a TAC
assay, which might also take into account some of the com-
plex interactions that occur between chain breaking
antioxidants. In general, TAC is decreased in conditions
associated with oxidative stress, and the administration of
chain breaking antioxidants increases antioxidant capac-
ity.4

Despite the attractions of TAC assays as outlined above,
their use is associated with several problems and disadvan-
tages. First, the numerous available TAC assays correlate

poorly with each other because various antioxidants react
diVerently in each assay.5 For example, the results of some
assays include a substantial contribution from protein thi-
ols, which do not react at all in other methods. Therefore,
to interpret the results it is essential that the user
understands fully the relative contribution of the individual
antioxidants to the methodology being used. Second, the
total antioxidant capacity of a solution will depend on the
nature of the oxidative insult. TAC assays measure antioxi-
dant capacity only in the defined conditions of the particu-
lar technique used. In vivo, many diVerent oxidants are
produced, and the antioxidant capacity of a biological fluid
will probably be diVerent for each of these. Third, in
biological fluids the major contributor to most TAC assays
is urate, often accounting for more than 50% of total anti-
oxidant activity. However, urate is probably of limited
importance as an antioxidant in vivo, which might
therefore lead to a distorted impression of total antioxidant
activity.6 For instance, patients with renal failure often have
increased TAC as a result of raised urate. However, other
more important chain breaking antioxidants such as ascor-
bate are deficient when measured individually, and there is
evidence of increased oxidative damage to lipids and
proteins. Therefore the measurement of TAC might give a
misleading impression of antioxidant defences, and the
true situation is only revealed when the major chain break-
ing antioxidants are measured individually.

As further studies using total antioxidant capacity assays
are reported, the usefulness and predictive value of these
tests should become more apparent. However, at present it
appears that as a global indicator of oxidative stress in bio-
logical fluids TAC assays by themselves are inadequate. A
better approach is to use a range of measurements of indi-
vidual antioxidants and markers of oxidative damage, with
TAC perhaps used as one of these tests.
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